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THE BRIT=reH iffflTOCIATIO N. 


[Adojtted hy the General Committee at Leicester^ 1907, 
with mhnequent atnendments.'] 


Chapter I. 

Objects and Constitution. 

1. The objects of the British Association for the Advance- Objocts. 
ment of Science are : To give a stronger impulse and a more 
systematic direction to scientific inquiry j to promote the 
intercourse of those who cultivate Science in different parts 

of the British Empire with one another and with foreign 
philosophers ; to obtain more general attention for the objects 
h of Science and the removal of any disadvantages of a public 
kind which impede its progress. 

The Association contemplates no invasion of the ground 
occupied by other Institutions. 

2. The Association shall consist of Members, Associates, ConstituiioD. 
and Honorary Corresponding Members. 

The governing body of the Association shall be a General 
Committee, constituted as hereinafter set forth ; and i^s 
afiairs shall be directed by a Council and conducted by 
General Officers appointed by that Committee. 

3. The Association shall meet annually, for one week or Annual 
longer, and at such other times as the General Committee 

may appoint. The place of each Annual Meeting shall be 
determined by the General Committee not less than two years 
in advance ; and the arrangements for these meetings shall 
be entrusted to the Officers of the Association. 

Chapter II. 

The General Committee. 

1. The General Committee shall be constituted of the Constitution, 
following persons : — 

(i) Permanent Members — 

(a) Past and present Members of the Council, and past 
and present Presidents of the Sections. 
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(b) Members who, by the publication of works or 

papers, have furthered the advancement of know- 
ledge in any of those * departments which are 
fussigned Jx) the Sections of tiie Association. 

•* 

(ii) Temporary Members-^ 

(a) Vice-Presidents and Secretaries of the Sections. 
Honorary Corresponding Members, foreign repre- 
sentatives, and other persons specially invited 
or nominated by the Council or General Officers. 

(c) Delegates nominated by the Affiliated Societies. 

(cf) Delegates — ^not exceeding altogether three in 

number — ^from Scientific Institutions established 
at the place of meeting. 

2. The decision of the Council on the qualifications and 
claims of any Member of the Association to be placed on the 
General Committee shall be final. 

(i) Claims for admission as a Permanent Member must 
be lodged with the Assistant Secretary at least one^ ' 
month before the Annual Meeting. ^ 

(ii) Claims for admission as a Temporary Member may be 
sent to the Assistant Secretary at any time before or 
during the Annual Meeting. 

3. The General Committee shall meet twice at least during 
every Annual Meeting. In the interval between two Annual 
Meetings, it shall be competent for the Council at any time . 
to summon a meeting of the General Committee. 

4. The General Committee shall 

(i) 'Receive and consider the report of the Council. 

(ii) Elect a Committee of Recommendations. 

(iii) Receive and consider the report of the Committee of 

Recommendations. 

(iv) Determine the place of the Annual Meeting not less 

than two years in advance. * 

(v) Determine the date of the next Annual Meeting. 

(vi) Elect the President and Vice-Presidents, Local Trea- 

surer, and Local Secretaries for the next Annual 
Meeting. 

(vii) Elect Ordinary Members of Council. 

(viii) Appoint General Officers. 

(ix) Appoint Auditons. 

(x) Elect the officers of the Conference of Delegates. 

(xi) Receive any notice of motion for the next Annua] 

Meeting. 
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Chaptbb ni. 

Committee of Beeommendaiions. 

1. ^The ex ojido Members of the Committee of Recom- Constitution, 
mendations are the President and Vice-Presidents of the 
Association, the President of each Section at the 'Annual 
Meeting, the Chairman of the Conference of Delegates, the 

General Secretaries, the General Treasurer, the Trustees, and 
the Presidents of the Association in former years. 

An Ordinary Member of the Committee for^each Section 
shall be nominated by the Committee of that Section. 

If the President of a Section be unable to attend a meeting 
of the Committee of Recommendations, the Sectional Com- 
mittee may appoint a Vice-President, or some other member 
of the Committee, to attend in his place, due notice of such 
appointment being sent to the Assistant Secretary. 

2. Every recommendation made under Chapter IV. and Functions, 
every resolution on a scientific subject, which may be sub- 
mitted to the Association by any Sectional Committee, or by 

the Conference of Delegates, or otherwise than by the Council 
of the Association, shall bo submitted to the Committee of 
Recommendations. If the Committee of Recommendations 
approve such recommendation, they shall transmit it to the 
General Committee ; and no recommendation shall be con- 
sidered by the General Committee that is not so transmitted. 

Every recommendation adopted by the General Committee 
shall, if it involve action on the part of the Association, bo 
transmitted to the Council ; and the Council shall take such 
action as may be heedful to give effect to it, and shall report 
to the General Committee not later than the next Annual 
Meeting. 

Every proposal for establishing a new Section or Sub- 
Section, for altering the title of a Section, or for any other 
change in the constitutional forms or fundamental rules of 
the Association, shall be referred to the Committee of Recom- 
mendations for their consideration and report. 

3. The Committee of Recommendations shall assemble. Procedure, 
for the despatch of business, on the Monday of the Annual 
Meeting, and, if necessary, on the following day. Their 

Report must be submitted to the General Committee on the 
last day of the Annual Meeting. 

* Amended by the General Committee at Winnipeg, 1909, 

b2 
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Chapter IV. 

Research Committees. 

1. Every proposal for special research, or for a grant of 
money in aid of special researclj, which is made in any 
Section, shall be considered by the Committee of that Section ; 
and, if such proposal be approved, it shall be referred to the 
Committee of Recommendations. 

In cons^uence of any such proposal, a Sectional Com- 
mittee may recommend the appointment of a Research 
Committee, composed of Members of the Association, to 
conduct research .or administer a grant in aid of research, 
and in any case to report thereon to the Association ; and the 
Committee of Recommendations may include such recom- 
mendation in their report to the General Committee. 

2. Every appointment of a Research Committee shall be 
proposed at a meeting of the Sectional Committee and adopted 
at a subsequent meeting. The Sectional Committee shall 
settle the terms of reference and suitable Members to serve 
on it, which must be as small as is consistent with its efficient 
working ; and shall nominate a Chairman and a Secretary. 
Such Research Committee, if appointed, shall have power to 
add to their numbers. 

3. The Sectional Committee shall state in their recommen- 
dation whether a grant of money be desired for the purposes 
of any Research Committee, and shall estimate the amount 
required. 

All proposals sanctioned by a Sectional Committee shall 
be forwarded by the Recorder to the Assistant Secretary not 
later than noon on the Monday of the Annual Meeting for 
presentation to the Committee of Recommendations. 

4. Research Committees are appointed for one year only. 
If the work of a Research Committee cannot be completed 
in that year, application may be m^e through a Sectional 
Committee at the next Annual Meeting for reappointment, 
with or without a grant — or a further grant — of money. 

5. Every Research Committee shall present a Report, 
whether interim or final, at the Annual Meeting next after 
that at which it was appointed or reappointed. Interim 
Reports, whether intended for publication or not, must be sub- 
mitted in writing. Each Sectional Committee shall ascertain 
whether a Report has been made by each Research Committee 
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(d) Addi- 
tional Grants 


appointed on their recommendation, and shall report to the 
Committee of Recommendations on or before the Monday of 
the Annual Meeting. 

6. In each Research Committee to which a grant of money Gi!!a.nt8. 
has been made, the Chairman is the only person entitled to call 
on the General Treasurer for such portion of the sum granted 
as from time to time may be required. 

Grants of money sanctioned at the Annual Meeting W Expire on 
expire on June 30 following. The General Treasurer is nob 
authorised, after that date, to allow any claims on account of 
such grants. 

The Chairman of a Research Committee must, before (o) Accounts, 
the Annual Meeting next following the appointment of 
the Research Committee, forward to the General Treasurer 
a statement of the sums that have been received and ex- 
pended, together with vouchers. The Chairman must then 
either return the balance of the grant, if any, which remains 
unexpended, or, if further expenditure be contemplated, apply 
for leave to retain the balance. 

When application is made for a Committee to be re- 
appointed, and to retain the balance of a former grant, and 
also to receive a further grant, the amount of such further 
grant is to be estimated as* being sufficient, together with 
the balance proposed to be retained, to make up the amount 
desired. 

In making grants of money to Research Committees, the M Caveat 
Association does not contemplate the payment of personal 
expenses to the Members. 

A Research Committee, whether or not in receipt of a 
grant, shall not raise money, in the name or under the auspices 
of the Association, without special permission from the General 
Committee. 

7. Members and Committees entrusted with sums of money Disi)osal of 
for collecting specimens of any description shall include in their specimens, 
Reports particulars thereof, and shall reserve the specimens 
thus obtained for disposal, as the Council may direct. 

Committees are required to furnish a list of any ap- 
paratus which may havp been purchased out of a grant made 
by the Association, and to state whether the apparatus is 
likely to be useful for continuing the research in question or 
for other specific purposes. 

All instruments, drawings, papers, and other property of 
the Association, when not in actual use by a Committee, shall 
be deposited at the Office of the Association. 
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Chapter V. 

Tlve GounciL 

1. The Council shall consist of ex officio Members and o£ 
Ordinary Members elected annually by the General Com- 
mittee. 

(i) The ex officio Members are — the Trustees, past Presi- 
dents of the Association, the President and Vice- 
Presidents for the year, the President and Vice- 
Presidents Elect, past and present General Treasurers 
and General Secretaries, past Assistant General 
Secretaries, and the Local Treasurers and Local 
Secretaries for the ensuing Annual Meeting. 

(ii) The Ordinary Members shall not exceed twenty-five in 
number. Of these, not more than twenty shall have 
served on the Council as Ordinary Members in the 
previous year. 

2. The Council shall have authority to act, in the name and 
on behalf of the Association, in all matters which do not con- 
flict with the functions of the General Committee. 

In the interval between two Annual Meetings, the Council 
shall manage the affairs of the Association and may fill up 
vacancies among the General and other Officers, until the next 
Annual Meeting. 

The Council shall hold such meetings as they may think 
fit, and shall in any case meet on the first day of the Annual 
Meeting, in order to complete and adopt the Annual Report, 
and to consider other matters to be brought before the General 
Committee. 

The Council shall nominate for «lection by the General 
Committee, at each Annual Meeting, a President and General 
Officers of the Association. 

Suggestions for the Presidency shall be considered by the 
Council at the Meeting in February, and the names selected 
shall be issued with the summonses to the Council Meeting in 
March, when the nomination shall be made from the names 
on the list. 

The Council shall have power to appoint and dismiss 
such paid officers as may be necessary to carry on the work 
of the Association, on such terms as they may from time to 
time determine. 
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3. Election to the Council shall take place at the same Elections, 
time as that of the Officers of the Association, 

(i) At each Annual Election, the following Ordinary 
Members of the Council shall be ineligible for re- 
election in the ensuing year : 

(а) Three of the Members who have served for the 
longest consecutive period, and 

(б) Two of the Members who, being resident in or near 

London, have attended the least number of meet- 
ings during the past year. 

N’evertheless, it shall be competent for the Council, by 
an unanimous vote, to reverse the proportion in the 
order of retirement above set forth. 

fii) The Council shall submit to the General Committee, 
in their Annual Report, the names of twenty-three 
Members of the Association whom they recommend for 
election as Members of Council. 

(iii) Two Members shall be elected by the General Com- 
mittee, without nomination by the Council ; and this 
election shall be at the same meeting as that at which the 
election of the other Members of the Council takes place. 

Any member of the General Committee may propose 
another member thereof for election as one of these two 
members of Council, and, if only two are so proposed, 
they shall be declared elected ; but, if more than two 
are so proposed, the election shall be by show of hands, 
unless five members at least require it to be by ballot. 


Chapter VI. 

The President^ General Officers^ and Staff, 

1. The President assumes office on the first day of the The Presi- 
Annual Meeting, when he delivers a Presidential Address. 

He resigns office at* the next Annual Meeting, when he 
inducts his successor into the Chair. 

The President shall preside at all meetings of the Associa- 
tion or of its Council and Committees which he attends in his 
capacity as President. In his absence, he shall be represented 
by a Vice-President or past President of the Association. 

2. The General Officers of the Association are the General General 

Treasurer and the General Secretaries. Officers. 
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It shall be competent for the General Officers to Act, in 
the name of the Associatio;!, in any matter of urgency which 
cannot be brought under the consideration of the Council ; 
and they shall report such action to the Council at the next 
meeting. 

3. The General Treasurer shalU be responsible to the 
General Committee and the Council for the financial affairs 

‘ of the Association. 

4. The General Secretaries shall control the general 
organisation and administration, and shall be responsible to 
the General Committee and the Council for conducting the 
correspondence and for the general routine of the work of 
the Association, excepting that which relates to Finance. 

5. The Assistant Secretary shall hold office during the 
pleasure of the Council. He shall act under the direction 
of the General Secretaries, and in their absence shall repre- 
sent them. He shall also act on the directions which may 
be given him by the General Treasurer in that part of his 
duties which relates to the finances of the Association. 

The Assistant Secretary shall be charged, subject as afore- 
said : (i) with the general organising and editorial work, and 
with the administrative business of the Association ; (ii) with 
the control and direction of the Office and of all persons 
therein employed ; and (iii) with the execution of Standing 
Orders or of the directions given him by the General Officers 
and Council. He shall act as Secretary, and take Minutes, at 
the meetings of the Council, and at all meetings of Com- 
mittees of the Council, of the Committee of Recommendations, 
and of the General Committee. 

6. The General Treasurer may depute one of the Staff, as 
Assistant Treasurer, to carry on, under his direction, the 
routine work of the duties of his office. 

The Assistant Treasurer shall be charged with the issue of 
Membership Tickets, the payment of Grants, and such other 
work as may be delegated to him. 


CnAPTKB VII. 

Finance, 

1. The General Treasurer, or Assistant Treasurer, shall 
receive and acknowledge all sums of money paid to the 
Association. He shall submit, at each meeting of the 
Council, an interim statement of his Account; and, after 
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June 60 in each year, he shall prepare and submit to the 
General Committee a balance-sheet of the Funds of the 
Association. 

2. The Accounts of the Association shall be audited, Audit, 
an^pallj, by Auditors appointed by the General Committee. 

3. The General Treasurer shall make all ordinary pay- Expenditure, 
ments authorised by the General Committee or by the . 

Council. 

4. The General Treasurer is empowered to draw on the Investments, 
account of the Association, and to invest on its behalf, 

part or all of the balance standing at any time to the credit 
of the Association in the books of the Bank of England, 
either in Exchequer Bills or in any other temporary invest- 
ment, and to change, sell, or otherwise deal with such tem- 
porary investment as may seem to him desirable. 

5. In the event of the General Treasurer being unable, Cheques, 
from illness or any other cause, to exercise the functions of 

]]is office, the President of the Association for the time being 
* and one of the General Secretaries shall be jointly empowered 
to sign cheques on behalf of the Association. 


Chapteu VIII. 

The Annual Meetings, 

1. Local Committees shall be formed to assist the General Local Offi- 
Officers in making arrangements for the Annual Meeting, and qq” ^Ittees. 
shall have power to add to their number. 

2. The General Committee shall appoint, on the recom- 
mendation of the Local Reception or Executive Coiqmitteefor 
the ensuing Annual Meeting, a Local Treasurer or Treasurers 
and two or more Local Secretaries, who shall rank as officers 
of the Association, and shall consult with the General Officers 
and the Assistant Secretary as to the local arrangements 
necessary for the conduct of the meeting. The Local Treasurers 
shall be empowered to enrol Members and Associates, and to 
receive subscriptions. 

3. The Local Committees and Sub-Committees shall under- Functions, 
take the local organisation, and shall have power to act in the 

name of the Association in all matters pertaining to the local 
arrangements for the Annual Meeting other than the work of 
the Sections. 
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Chapter ,IX. 

The Work of the Sections. 

1. The scientific work of the Association shall be trans- 
acted under such Sections as shall be constituted from time 
to time by the General Committee. 

It shall be competent for any Section, if authorised by the 
Council for the time being, to form a Sub-Section for the 
purpose of dealing separately with any group of communica- 
tions addressed to that Section. 

2. There shall be in each Section a President, two or 
more Vice-Presidents, and two or more Secretaries. They 
shall be appointed by the Council, for each Annual Meet- 
ing in advance, and shall act as the Officers of the Section 
from the date of their appointment until the appoint- 
ment of their successors in office for the ensuing Annual " 
Meeting. 

Of the Secretaries, one shall act as Recorder of the Section, 
and one shall be resident in the locality where the Annual 
Meeting is held. 

3. The Section Rooms and the approaches thereto shall 
not be used for any notices, exhibitions, or other purposes 
than those of the Association. 

4. The work of each Section shall be conducted by a 
Sectional Committee, which shall consist of the following ; — 

(i) The Officers of the Section during their term of office. 

(ii) All past Presidents of that Section. 

(iii) Such other Members of the Association, present at 
any Annual Meeting, as the Sectional Committee, 
thus constituted, may co-opt for the period of the 
meeting : 

Provided always that — 

(а) Any Member of the Association who has served on 

the Committee of any Section in any previous year, 
and who has intimated his intention of being present 
at the Annual Meeting, is eligible as a member of 
that Committee at their first meeting. 

(б) A Sectional Committee may co-opt members, as above 

set forth, at any time during the Annual Meeting, 
and shall publish daily a revised list of the members. 
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(c) A Sectional Committee may, at any time during the Additional 
Annual Meeting, appoint not more than three persons J'ce-Presi- 
present at the meeting to be Vice-Presidents of the ** 
Section, in addition to those previously appointed 
by the Council. 

5. The chief executive officers of a Section shall be the Executive 
President and the Recorder. They shall have power to act on Functions 
behalf of the Section in any matter of urgency which cannot 

bo brought before the consideration of the Sectional Qpm- 
Qiittee ; and they shall report such action to the Sectional 
Committee at its next meeting. 

The President (or, in his absence, one of the Vice-Presi- Of President 
dents) shall preside at all meetings of the Sectional Committee 
or of the Section. His ruling shall be absolute on all points 
of order that may arise. 

The Recorder shall be responsible for the punctual trans- And of 
mission to the Assistant Secretary of the daily programme of Becorder. 
his Section, of the recommendations adopted by the Sectional 
Committee, of the printed returns, abstracts, reports, or papers 
appertaining to the proceedings of his Section at the Annual 
Meeting, and for the correspondence and minutes of the 
Sectional Committee. 

6. The Sectional Committee shall nominate, before the Organising 
close of the Annual Meeting, not more than six of its own Committee, 
members to be members of an Organising Committee, with 

the officers to be subsequently appointed by the Council, and 
past Presidents of the Section, from the close of the Annual 
Meeting until the conclusion of its meeting on the first day of 
the ensuing Annual Meeting. 

Each Organising Committee shall hold such Meetings as 
arc deemed necessary by its President for the organisation 
of the ensuing Sectional proceedings, and shall hold a meeting 
on the first Wednesday of the Annual Meeting : to nominate 
members of the Sectional Committee, to confirm the Pro- 
visional Programme of the Section, and to report to the 
Sectional Committee. 

Each Sectional Committee shall meet daily, unless other- Sectional 
wise determined, during the Annual Meeting ; to co-opt Committee, 
members, to complete the arrangements for the next day, and 
to take into consideration any suggestion for the advance- 
ment of Science that may be offered by a member, or may 
arise out of the proceedings of the Section. 

No paper shall be read in any Section until it has been Papem and 
accepted by the Sectional Committee and entered as accepted Beporfcs. 
on its Minutes. 
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JAij report or paper read in any one Section may be read 
also in any other Section. 

No paper or abstract of a paper shall be prbited in the 
Annual Beport of the Association unless the manuscript has 
been received by the Recorder of the Section before the close 
of the Annual Meeting. 

It shall be within the competence of the Sectional Com* 
mittee to review the recommendations adopted at preceding 
Annual Meetings, as published in the Annual Reports of the 
AssOeiation, and the communications made to the Section at 
its current meetings, for the purpose of selecting definite 
objects of research, in the promotion of which individual or 
concerted action may be usefully employed ; and, further, to 
take into consideration those branches or aspects of knowledge 
on the state and progress of which reports are required : to 
make recommendations and nominate individuals or Research 
Committees to whom the preparation of such reports, or the task 
of research, may be entrusted, discriminating as to whether, 
and in what respects, these objects may be usefully advanced 
by the appropriation of money from the funds of the Associa- 
tion, whether by reference to local authorities, public institu- 
tions, or Departments of His Majesty’s Government. The 
appointment of such Research Committees shall be made in 
accordance with the provisions of Chapter IV. 

No proposal arising out of the proceedings of any Section 
shall be referred to the Committee of Recommendations unless 
it shall have received the sanction of the Sectional Com- 
mittee. 

7. Papers ordered to be printed m extenso shall not be 
included in the Annual Report, if published elsewhere prior 
to the issue of the Annual Report in volume form. Reports, 
of Research Committees shall not be published elsewhere 
than in the Annual Report without the express sanction of 
the Council. 

8. The copyright of papers ordered by the General Com- 
mittee to be printed in extenso in the Annual Report shall 
be vested in the authors ; and the copyright of the reports 
of Research Committees appointed by the General Committee 
shall be vested in the Association.* 
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Ohaptbb X. 

of Mefmhera and Assoctaies, 

1. No technical qualification shall be required on the 
part of an applicant for admission as a Member or as an 
Associate of the British Association; but the Council is 
empowered, in the event of special circumstances arising, to 
impose suitable conditions and restrictions in this respect. 

•Every person admitted as a Member or an Associate 
shall conform to the Buies and Begulations of the Association, 
any infringement of which on his part may render him liable 
to exclusion by the Council, who have also authority, if they 
think it necessary, to withhold from any person the privilege 
of attending any Annual Meeting or to cancel a ticket of 
admission already issued. 

It shall be competent for the General Officers to act, in 
the name of the Council, on any Occasion of urgency which 
cannot be brought under the consideration of the Council ; 
and they shall report such action to the Council at the next 
Meeting. 

2. All Members are eligible to any office in the Association. 

(i) Every Life Member shall pay, on admission, the sum 
of Ten Founds. 

Life Members shall receive gratia the Annual 
Reports of the Association. 

(ii) Every Annual Men\her shall pay, on admission, the 
sum of Two Pounds, and in any subsequent year 
the sum of One Pound. 

Annual Members shall receive gratis the Report 
of the Association for the year of their admission 
and for the years in which they continue to pay, 
without intermissiony their annual subscription. An 
Annual Member who omits to subscribe for any 
particular year shall lose for that and all future 
years the* privilege of receiving the Annual Reports 
of the Association gratis. He, however, may resume 
his other privileges as a Member at any subsequent 
Annual Meeting by paying on each such occasion 
the sum of One Pound. 

(iii) Every Assodaie for a year shall pay, on admission, 
the sum of One Pound. 


Applications. 


Obligations. 


Conditions 
and Privileges 
of Member- 
ship. 


* Amended by the General Committee at Dublin, 1908. 
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Associates shall not receive the^Annual Report 
gratuitously. They shall not be eligible to serve on 
any Committee, nor be qualified to hold any office in 
the Association. 

^iv) Ladies may become Members or Associates on the 
same terms as gentlemen, or can obtain a Lady's 
Ticket (transferable to ladies only) on the payment 
of One Pound. 

3. Corresponding Members may be appointed by the 
General Committee, on the nomination of the Council. They 
shall be entitled to all the privileges of Membership. 

4. Subscriptions are payable at or before the Annual 
Meeting. Annual Members not attending the meeting may 
make payment at any time before the close of the financial 
year on June 30 of the following year. 

5. The Annual Report of the Association shall be forwarded 
gratis to individuals and institutions entitled to receive it. 

Annual Members whose subscriptions have been inter- 
mitted shall be entitled to purchase the Annual Report 
at two-thirds of the publication price ; and Associates for a 
year shall be entitled to purchase, at the same price, the 
volume for that year. 

Volumes not claimed within two years of the date of 
publication can only be issued by direction of the Council. 


Chapter XL 

Corresponding Societies: Conference of Delegates, 

Corresponding Societies are constituted as follows 

1. (i) Any Society which undertakes local scientific inves- 
tigation and publishes the results may become a 
Society affiliated to the British Association. 

Each Affiliated Society may appoint a Delegate, 
who must be or become a Member of the Associa- 
tion and must attend the meetings of the Conference 
of Delegates. He shall be ex officio a Member of 
the General Committee. 

(ii) Any Society formed for the purpose of encouraging 
the study of Science, which has existed for three 
years and numbers not fewer than fifty members, 
may become a Society associated with the British 
Association. 
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Eadi Associated Society shall have tHte right 
to appoint a Delegate to attend the Annual Con- 
ference. Such Delegates must be or become either 
Members or Associates of the British Association, 
and shall have all the rights of Delegates appointed 
by the Affiliated Societies, except that of member- 
ship of the General Committee. 

2. Application may be made by any Society to be placed Applications, 
on the list of Corresponding Societies. Such application must 

be addressed to the Assistant Secretary on or before the 1st of 
June preceding the Annual Meeting at which it is intended 
it should be considered, and must, in the case of Societies 
desiring to be affiliated, be accompanied by specimens of the 
publications of the results of local scientific investigations 
recently undertaken by the Society. 

3. A Corresponding Societies Committee shall be an- Cobbic- 
nually nominated by the Council and appointed by the 

General Committee, for the purpose of keeping themselves committeb. 
generally informed of the work of the Corresponding Socie- 
ties and of superintending the preparation of a list of the 
papers published by the Affiliated Societies. This Com- 
mittee shall make an Annual Report to the Council, and 
shall suggest such additions or changes in the list of Corre- 
sponding Societies as they may consider desirable. 

(i) Each Corresponding Society shall forward every year Procedure, 
to the Assistant Secretary of the Association, on or 
before June 1, such particulars in regard to the 
Society as may be required for the information of 
the Corresponding Societies Committee. 

(ii) There shall be inserted in the Annual Report of the 
Association a list of the papers published by 
the Corresponding Societies during the preceding 
twelve months which contain the results of local 
scientific work conducted by them — those papers 
only being included which refer to subjects coming 
under the cognisance of one or other of the several 
Sections of the Association. 

4. The Delegates of Corresponding Societies shall consti- Conpbrbkcb 
tute a Conference, of which the Chairman, Vice-Chairman, 

and Secretary or Secretaries shall be nominated annually by 
the Council and appointed* by the General Committee. The 
members of the Corresponding Societies-Committeei shall bo 
ex officio members of the Conference. 

(i) The Conference of Delegates shall be summoned by Procedureand 
the Secretaries to hold one or more meetings during Functions. 
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each Annual Meeting of the Associatlbn, and 
shall be empowered to invite any Member or 
Associate to take part in the discussions. 

(ii) The Conference of Delegates shall be empowered to 
submit Resolutions to the Committee of Recom- 
mendations for their consideration, and for report 
to the General Committee. 

(iii) The Sectional Committees of the Association shall 

be requested to transmit to the Secretaries of the 
Conference of Delegates copies of any recommenda- 
tions to be made to the General Committee bearing 
on matters in which the co-operation of Corre- 
sponding Societies is desirable. It shall be com- 
petent for the Secretaries of the Conference of 
Delegates to invite the authors of such recom- 
mendations to attend the meetings of the Conference 
in order to give verbal explanations of their objects 
and of the precise way in which they desire these 
to be carried into effect. 

(iv) It shall be the duty of the Delegates to make 

themselves familiar with the purport of the several 
recommendations brought before the Conference, in 
order that they may be able to bring such recom- 
mendations adequately before their respective 
Societies. 

(v) The Conference may also discuss propositions 

regarding the promotion of more systematic ob- 
servation and plans of operation, and of greater 
uniformity in the method of publishing results. 


Chapter XII. 

Ame'ndrmnta and New Rules, 

Any alterations in the Rules, and any amendments 
or new Rules that may be proposed by the Council or 
individual Members, shall be notified to the General Com- 
mittee on the first day of the Annual Meeting, and referred 
forthwith to the Committee of Recommendations; and, on the 
report of that Committee, shall be submitted for approval at 
the last meeting of the General Committee. 
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TRUSTEES AND GENERAL OFFICERS, 1831-1910. 


TRUSTEES. 

1832-70 (Sir) R. I. MUBOH ISON (Bart.), 1873 Sir J. Lubbock, Bart, (now Lord 

F.R.S. Avebuey), F.R.S. 

1832-62 John Taylob, Esq., F.R.S. 1881-83 W. Spottiswoodb, Esq., Pres. 
1832-39 0. Babbage, Esq., F.B.S, R.S. 

1839-44 F. Bailt, Esq., F.R.S. 1883 Lord Rayleigh, F.R.S. 

1844- 68 Rev. G. Peacock, F.R.S. 1883-98 Sir Lyon (afterwards Lord) 

1858- 82 General E. Sabine, F.R.S. Playpaie, F.R.S. 

1862-81 Sir P. Egbrton, Bart., F.R.S. 1898 Prof. (Sir) A. W. RiJcKBB, F.R.S. 

GENERAL TREASURERS. 

1831 JonATHAN46bay, Esq. 1891 -98 Prof. (Sir) A. W. RCckeb, 

1832-62 John Taylob, Esq., F.R.S. F.R.S. 

1862-74 W. Spottiswoode, Esq., F.R S. 1898-1001 Prof. G. C. Foster, F.R.S. 
1874-91 Prof. A. W. Williamson, F.R.S. 1904 Prof. John Perry, F.R.S. 

GENERAL SECRETARIES. , 

1832-35 Rev. W. Vbbnon Harcourt, 1868-71 Dr. T. A. Hirst, F.R.S., and Dr. 
F.R.S. T. Thomson, F.R.S. 

1835- 36 Rev. W. Vernon IIarcoujit, 1871-72 Dr.T.THOMSON,F.R.S.,a,ndCapt. 

F.R.S., and F. Batly, Esq., Do U(i las Galton, F.R.S. 

F.R.S. 1872-76 Capr. D, Galton, F.B.S., and 

1836- 37 Rev. W. Vernon Harcourt, Dr. Michael Foster, F.U.S. 

F.R.S., and R. I. Murchison, 1876-81 Capt. D. Galton, F.R.S., and 
Esq., F.R.S. Dr. P. L. SCLATER, F.R.S. 

1837- 39 R. I. Murchison. Esq., F.R.S., 1881-82 Capt. D. Galton, F.R.S., and 

and Rev. G. Peacock, F.R.S. Prof. F. M. Balfour, F.R.S. 

1839-45 Sir R. I. MURCHISON, F.R.S., 1882-83 Capt. Douglas Galton, F.R.S. 

and Major E. Sabine, F.R.S. 1883-95 Sir Douglas Galton, F.R.S., 

1 845- 60 Licut.-Colonel B. SAniNE,F.R.S. and A. G. Vernon IIarcouht, 

1850-52 Gencrsil E. SABINE, F.R.S., and Esq., F.R.S. 

J. F. Hoyle, Esq., F.R.S. 1895-97 A. G. Vernon Harcourt, Esq., 

1852- 53 J.F.Roylb, Esq., F.R.S. F.R.S., and Prof. B. A. 

1853- 69 General B. SABINE, F.R.S. Schafer, F.R.S. 

1859- 61 Prof. R. Walkeb, F.R.S. 1897- f Prof. Schafer, F.R.S., and Sir 

1861- 62 W. Hopkins, Esq., F.R.S. 1900 \ W.C.Roberts- Austen, F.R.S. 

1862- 63 W. Hopkins, Esq., F.R.S., and 1900-02 Sir W. C. Roberts- Austen, 

Prof. J. Phillips, F.R.S. F.II.S., and Dr. D. H. Scott, 

1863- 65 W. Hopkins, Esq., F.R.S., and F.R.S. 

F. Galton, Esq., F.R.S, 1902-03 Dr. D. II. Scott, F.R.S., and 

1865- 66 F. Galton, Esq., F.R.S, Major?. A. MacMaiion, F.R.S. 

1866- 68 F. Galton, Esq., P.R.S., and 1903- Major P. A. MacMaiion, F.R.S.. 

Dr. T. A. Hirst, F.R.S. and Prof. W. A. Herdman, 

F.R.S. 

ASSISTANT GENERAL SECRETARIES, &c. : 1831-1904. 

1831 John Phillips, Esq., 1881-85 Prof. T. G. Bonney, F.1v.S., 

1832 Prof. J. D. FORBES, Acting Secretary, 

Secretary, 1885-90 A. T. Atchison, Esq., M.A., 

1832-62 Prof. John Phillips, P.R.S. Secretary, 

1862-78 G. Griffith, Esq., M.A. ■ 1890 G. Griffith, Esq., M.A., Acting 

1878-80 J. E. H. Gordon, Esq., B.A., Secretary, 

Assiitant Secretary. 1890-1902 G. Griffith, Esq., M.A. 

1881 G. Griffith, Esq.^M. A., Acting 1902-04 J. G. Gabson, Esq., M.D. . 

Secretary, 

ASSISTANT SECBETARIBS. 

1904-09 A. Silva Whitb, Esq. | I909n Q. XU; ^wabth, Esq.. M.A. 

1910. 
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PRESIDENTS AND SECRETARIES OF THE SECTIONS. 


PresidmU cmd Secreta/ries of the Sections of the Association. 


Date and Place 


Presidents 


Secretaries 


MATHEMATICAL AND PHYSICAL SCIENCES. 

COMMITTEE OF SCIENCES, I. — MATHEMATICS AND GENERAL PHYSICS. 


1832. Oxford I Davies Gilbert, D.C.L., F.II.S. 

18.33. Cambridge ISirD. Jircwstcr, F.R.S. ... 
ISSd. Edinburgh iBov, W. Whewell, 


Rev. H. Coddington. 

Pvot Forbes. 

Prof. Forbes, Prof, Lloyd. 


SECTION A. — MATHEMATICS AND PHYSIOS. 


1835. Dublin...., 

1836. Bristol 

1837. Liverpool.. 

1838. Newcastle 
1830. Birmingham 

1840. Glasgow . 

1841. Plymouth 

1842. Manchester 


1843. Cork 

1844. York 

1845. Cambridge 

1846. Southamp- 

ton. 

1847. Oxford 


1848. Swansea 

1849. Birmingham 

1850. Edinburgh 

1851. Ipswich ... 

1852. Belfast 

1853. Hull 

1854. Liverpool... 

1855. Glasgow ... 

1856. Cheltenham 
1867. Dublin.., 


Rev. Dr. Robinson 

Rev. William Whewell,F.R.S. 

Sir D. Brewster, F.R.S. ... 

Sir J. F. W. Herschel, Bart., 
F R S 

Rev. Prof . Whewell, F.K.S.... 
Prof. Forbes, F.R.S 


1858. Leeds 


1869. Aberdeen.. 


Rev. Prof. Lloyd, F.R.S 

Very Rev. G. Peacock, D.D., 
F R S 

Prof. M‘bulloch, M.R.T.A. ... 

The Earl of Rosso, F.R.S. ... 

The Very Rev. the Dean of 
Ely. 

Sir John F. W. Herschel, 
Bart., F.R.S. 

Rev. Prof. Powell, M.A., 
F.R.S. 

Lord Wrottesley, P.R.S 

William Hopkins, F.R.S 

Prof. J. D. Forbes, P.B,8., 
Sec. R.S.E. 

Rev. W. Whewell, D.D., 
F.R.S. 

Prof. W. Thomson, M.A., 
F.R.S., F.R.S.B. 

The Very Rev. the Dean of 
Ely, F.R.S. 

Prof. G. G. Stokes, M.A., Sec. 
R.S. 

Rev. Prof. Kelland, M.A., 
F.R.S., F.R.S.B. 

Rev. R. Walker, MA.., F.R.S. 

Rev. T. R. Robinson, D.D., 
P.R.S., M.R.I.A. 


Rev. W. WheweU, 
V.P.R.S. 


D.D., 


The Earl of Rosse, M.A., E.P., 
F.E.S, 


Prof. Sir T^R. Hamilton, Prof. 
Wheatstone; 

Prof. Forbes, W. S. Harris, F. W, 
Jerrard. 

W. S. Harris, Rev. Prof. Powell, 
Prof. Stevelly. 

Rev. Prof. Chevallier, Major Sabine, 
Prof. Stevelly. 

J. D. Chance, W. Snow Harris, Prof. 
Stevelly. 

Rev. Dr. Forbes, Prof. Stevelly, 
Arch. Smith. 

Prof. Stevelly. 

Prof. M‘Culloch, Prof. Stevelly, Rev. 

W. Scoresby. 

J. Nott, Prof. Stevelly. 

Rev. Wm. Uey, Prof. Stevelly. 

Rev. H. Goodwin, Prof. Stevelly, 
G. G. Stokes. 

John Drew, Dr. Stevelly, G. G. 
Stokes. 

Rev. H. Price, Prof. Stevelly, G. G. 

Stokes. 

Dr. Stevelly, G. G. Stokes. 

Prof. Stevelly, G. G. Stokes, W. 

Ridout Wills. 

W. J.Macquorn Rankine,Prof . Smy t h , 
Prof. Stevelly, Prof. G. G. Stokes. 

S. Jackson, W. J. Macquom Rankine, 
Prof. Stevelly, Prof. G. G. Stokes. 
Prof. Dixon, W, J. Macquom Ran- 
kine, Prof. Stevelly, J. Tyndall. 

B. Blaydes Haworth, J. D. Sollitt, 
Prof. Stevelly, J. Welsh. 

J. Hartnup, H. G. Piickle, Prof. 

Stevelly, J. Tyndall, J. Welsh. 
Rev. Dr. Forbes, Prof. D. Gray, Prof. 
Tyndall. 

C. Brooke, Rev. T. A. Southwood, 
Prof. Stevelly, Rev. J. C. Turnbull. 

Prof. Curtis, Prof. Hennessy, P. A. 
Ninnis, W. J. Macquom Rankine, 
Prof. Stevelly. 

Rev. S. Earnshaw, J. P. Hennessy, 
Prof . Stevelly, H.J.S. Smith, Prof. 
Tyndall. 

J* P. Hennessy, Prof. Maxwell, H. 
J. S. Smith, ^of. Stevelly. 



PRESIDENTS AND SECRETARIES OF THE SECHONS. 


Ixvii 


Date and Place 

1860. Oxford 

1861. Manchester 

1862. Cambridge 

1863. Newcastle 

1864. Bath 

1865. Birmingham 

1866. Nottingham 

1867. Dundee ... 

1868. Norwich ... 

1869. Exeter 

1870. Liverpool... 

1871. Edinburgh 

1872. Brighton... 

1873. Bradford...! 

1874. Belfast 

1875. Bristol 

1876. Glasgow ...! 

877. Plymouth... 

878. Dublin 

879. Sheffield ... 

380. Swansea ... 

381. York 

182. Southamp- 
ton. 

583. Southport 
84. Montreal ... 
86. Aberdeen... 
86. 

rmingham 


Presidents 


Rev. B. Price, M.A., F.B.S.... 
* 

Q. B. Airy, M,A., D.C.L., 
F.R.S. 

Prof. O. G. Stokes, M.A., 
F.R.S. 

Prof . W. J. Macquorn Rankine, 
C.E., F.R.S. 

Prof. Cayley, M.A., F.R.S., 
F.B.A.S. 

W. Spot tiswoode,M.A.,F.B.S., 

F^A.S. 

Prof. Wlieatstone, D.C.L., 
F.B.S. ' 

Prof. Sir W. Thomson, D.C.L., 
F B S 

Prof. j. Tyndall, LL.D., 
F.R.S. 

Prof. J. J, Sylvester, LL.D., 
F.R.S. 

J. Clerk Maxwell, M.A., 
LUD., F.R.S. 

Prof. P. G. Tait, F.B.S.E. ... 


W. De La Rue, D.C.L., F.R.S. 
Iprof. H. J. S. Smith, F.B.S. . 


Rev. Prof. J. H. Jellett, M.A., 
M.R.I.A. 

Prof. Balfour Stewart, M.A., 
LL.D., F.R.S. 

Prof. Sir W. Thomson, M.A., 
D.C.L., F.R.S. 

Prof.G.O. Foster, B. A., F.R.S., 
Pres. Physical Soc. 

Rev. Prof. Salmon, D.D., 
D.C.L., F.R.S. 

George Johnstoife Stoney, 
M.A., F.B.S. 

Prof. W. Grylls Adams, M.A., 
F.R.S. 

Prof. Sir W. Thomson, M.A., 
LL.D., D.O.L., F.R.S. 

Rt. Hon. Lord Rayleigh, M.A., 
F R S 

Prof. 6. Henrici, Ph.D., F.R.S. 

Prof. Sir W. Thomson, M.A., 
LL.D., D.C.L., F.R.S. 

Prof. G. Cbrystal, M.A., 
F.R.S.B. 

Prof. G. H. Darwin, M.A., 
LL.D., F.B,S. 


Secretaries 


Rev. G. C. Bell, Rev. T. Rennison, 
Prof. Stevelly. 

Prof. R. P Clifton, Prof. II. J. S. 

Smith, Irof. Stevelly. 

Prof. R. B. Clifton, Prof. H. J. S. 

Smitli, Prof. Stevelly. 

Re v.N. Ferrers, Prof. Fuller, F.Jenkin, 
Prof. Stevelly, Rev. C. T. Whitley. 
Prof. Fuller, F. Jonkin, Rev. G. 

Buckle, Prof. Stevelly. 

Rev. T. N. Hutchinson, F. Jenkin, G. 

S. Mathews, Prof. H. J. S. Smith, 
J. M. Wilson. 

Flecming Jenkin, Prof. H.J. S. Smith, 
Rev. S. N. Swann. 

Rev. G. Buckle, Prof. G. C. Foster, 
Prof. Fuller, Prof. Swan. 

Prof. G. C. Foster, Rev. R. Harley, 
R. B. Hayward. 

Prof. G. C. Foster, R. B. Hayward 
W. K. Clitford. 

Prof. W. G. Adams, W. K. Clifford, 
Prof. G. C. Foster, Rev. W. Allen 
Whitworth. 

Prof. W. G. Adams, J. T. Bottomley, 
Prof. W. K. Clifford, Prof. J. D. 
Everett, Rev. R. Harley. 

Prof. W. K. Clifford, J. W. L.G laisher, 
Prof. A. S. Herschel, G. F. Rodwcll. 
Prof. W. K. Clifford, Prof. Forbes, 
J. W. L. Glaishcr, Prof. A. S. 
Herschel. 

J. W. L. Glaishcr, Prof. Hersclicl, 
Randal Nixon, J. Perry, G. F. 
Rodwcll. 

Prof. W. F. Barrett, J. W.L. G laisher, 

C. T. Hudson, G. F. Rodwoll. 

Prof. W. F. Barrett, J. T. Bottomley, 

Prof. G. B'orbes, J. W. L. Glaishcr, 

T. Muir. 

Prof. W. F. Barrett, J. T. Bottomley, 
J. W. L. Glaishcr, F. G. Landon. 
Prof. J. Casey, G. F. Fitzgerald, J. 
W. L. Glaishcr, Dr. 0. J. Lodge. 

A. H. Allen, J. W. L. Glaishcr, Dr. 
0. J. Lodge, D. MacAlistcr. 

W. E. Ayrton, J. W. L. Glaisher, 
Dr. 0. J. Lodge, D. MacAlister. 
Prof. W. E. Ayrton, Dr. 0. J. Lodge, 

D. MacAlister, Rev. W. Routh. 

W. M. Hicks, Dr. 0. J. Lodge, D. 

MacAlister, Rev. G. Richardson. 
W. M. Hicks, Prof. 0. J. Lodge, 
D. MacAlister, Prof. R. C. Rowe. 
0. Carpmael, W. M. Hicks, A. John- 
son, 0. J. Lodge, D. MacAlister. 

R. E. Baynes, R. T. Glazebrook, Frol. 
W. M. Hicks, Prof. W. Ingram. 

B. E. Baynes, R. T. Glazebrook, Prof. 
♦ J. H. Poynting, W. N. Shaw. 

^ dS 
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PRESIDENTS AND SEGHETABIBS OF THE SECTIONS. 


Date and Place Presidents Secretaries 


1887. Manchester Prof. Sir R. S. Ball, M.A., B. E. Baynes, B. T. Glazebrook, Prof. 

LL.D.. F.R.S. H. Lamb, W. N. Shaw. 

1888. Bath Prof. O. F. Fitzgerald, M.A., B. E. Baynes, B. T. Glazebrook, A. 

I F.R.S. Lodge. W. N. Shaw. 

1889. Newcastle- Capt. W. de W. Abney, O.B., B. E. Baynes, B. T. Glazebrook, A. 

upon-Tync, R.B., P.B.S. Lodge, W. N. Shaw, H. Stroud. 

1800. Leeds ,J. W. L. Glaisher, Sc.D., R. T. Glazebrook, Prof. A. Lodge, 

I F.B.S., V.P.R.A.S. W. N. Shaw, Prof. W. Stroud. 

1891. Cardiff Prof. 0. J. Lodge, D.Sc., R. JC. Baynes, J. Larmor, Prof. A. 

, LL.D.,F.R.S. Lodge, Prof. A. L. Selby. 

1802. Edinlargh Prof. A. Schuster, Ph.D., R. E. Baynes, J. Larmor, Prof. A. 

F.B.S., F.KA.S. I Ijodge, Dr. W. Peddie. 

1803. Nottinghiim R. T. Glazebrook, M. A., F.R.S. . W. T. A. Emtage, J. Larmor, Prof. 

A. Lodge, Dr. W. Peddie. 

1804. Oxford Prof.A.W.Riickcr, M.A.,F.R.S. Prof. \V. H. Heaton, Prof. A. Lodge, 

i J. Walker. 

1895. Ipswich ... Prof. W. M. Hicks, M.A., Prof. W. H. Heaton, Prof. A. Lodge, 

1 F.R.S. G. T. Walker, W. Watson. 

1806. Liverpool... .Prof. J. J. Thomson, M.A., Prof. W. H. Heaton, J. L. Howard, 

I D.Sc., F.R.S. Prof. A. Lodge, G. T. Walker, W. 

i Watson. 

1897. Toronto ... Prof. A. R. Forsyth, M.A., Prof.W.H. Heaton, J. C.Glashan,J.L. 

1 F.R.S. Howard, Prof. J. C. McLennan. 

1808. Bristol Prof. W. E. Ayrton, F.B.S. .. A. P. Chattock, J. L Howard, C. H. 

Lees, W. Watson, K. T. Whittaker. 

1 899. Dover Prof. J. H. Poynting, F.R.S. J. L. Howard, C. H. Lees, W. Wat- 

I son, E. T. Whittaker. 

1900. Bradford... Dr. J. Larmor, F.Q.S. — Dejf. P. H. Cowell, A. Fowler, G. IT. liCcs, 

^ , of Adronomij, Dr. A. A. 0. J. L. Wagstaffe, W. Watson, 

' Common, B\R.S. B. T. Whittaker. 

1901. Glasgow ... MajorP.A. MacMabon,F.R.S. H. S.Carslaw,C.H. Lees, W. Stewart, 

I —Dep. of Astnmomy, Prof. Prof. L. R. Wilber force. 

! H. H. Turner, F.R.S. 

1002. Belfast Prof. J. Purser, LL.D.,M.B.I. A. 11. S. .Carjslaw, A. R. Hink.s, A. 

I of Astronomy, Prof. Larmor, C. IL Lees, Prof. W. B. 

' A. Schuster, F.R.S. Morton, A, W. Porter. * 

1003. Southport C. Vernon Boys, F.R.S. — Dep. D. E. Benson, A. R. Hinks, R. W. 

of Astronomy and Meteor- H. T. Hudson, Dr. C. H. Lees, J. 
ofo'^i/,Dr. W.N. Shaw,F.R.S Loton, A. W. Porter. 

1904. Cambridge Prof. H. Lamb, P.R.S.— A. R. Hinks, R. W. H. T. Hudson, 
Section of Astronomy and Dr. C. H. Lees, Dr. W. J. S. Lock- 

Cosmical Physios, Sir J. yer, A. W. Porter, W. C. D. 

Eliot, E.C.I.E., F.R.S. Whetham. 

1906. SouthAfrica Prof. A. R. Forsyth, M.A., ^A. R. Hinks, S. S. Hough, R. T. A. 

* F.R.S. Innes, J. H. Jeans, Dr. C. H. Lees. 

1906. York Principal B. n.GrifRth8,P.R.S. Dr. L. N. G. Filon, Dr. J. A. llarker, 

A. R. Hinks, Prof. A. W. Porter, 

H. Dennis Taylor. 

1907. Leicester... Prof. A. E. H. Love, M.A., B. E. Brooks, Dr. L. N. G. Filon, 

F.R8. Dr. J. A. Barker, A. B. Hinks, 

Prof. A. W. Porter. 

1908. Dublin Dr. W. N. Shaw,F.B.S Dr. W. G. Duffield, Dr. L. N. G. 

‘ Filon, E. Gold, Prof. J. A, 

McClelland, Prof. A. W. Porter, 

Prof. B. T. Whittaker. 

1900. Winnipeg Prof. B. Rutherford, F,R.S. Prof. F. Allen, Prof. J. C. Fields, 

B. Gold, F. Horton, Prof. A. W. 
Porter, Dr. A. A. Bambant. 

1910. Sheffield ... Prof. E. W. Hobson, F.B.S.... H. Bateman, A. 6. Eddington, E. 

Gold, Dr. F. Horton, Dr. S. B. 
Milner, Prof. A. W. Porter. 
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Date and Place Presidents Secretaries 


CHEMICAL SCIENCE. 

COMMITTEE OP SCIENCES, II.-— CHEMISTRY, MINERALOGY, &C. 

1832. Oxford John Dalton, D.C.L., F.R.S. James F. W. Johnston. 

18.S3. Cambridge John Dalton, D.O.L., F.B.S. Prof. Miller. 

1834. Edinburgh Dr. Hope Mr. Johnston, Dr. Christison. 

SECTION B.— CHEMISTRY AND MINERALOGY. 

1836. Dublin Dr. T. Tliomson, F.R.S Dr. Apjolm, Prof. Johnston. 

1836. Bristol Rei^. Prof. Gumming Dr. Apjohn, Dr. C. Henry, W. Hera- 

path. 

1837. Liverpool... Michael Faraday, F.B.S Prof. Johnston, Prof. Miller, Dr. 

Reynolds. 

1 838. Newcastle Rev. William Whewell,F.B.S. Prof. Miller, J 1. L. Pattinson, ThomaE 

Ricliardson. 

1839. Birmingham Prof. T. Graham, F.R.S. Dr. Golding Bird, Dr. .1. B. Melson. 

1840. Glasgow ... | Dr. Thomas Thomson, F.RS. Dr. R. D. Thomson, Dr. T. Clark, 

Dr. L. Playfair. 

1841. Plymouth... Dr. Daubeny, F.R.S J. Prideaux, R. Hunt, W. M. Tweedy. 

1842. Manchester John Dalton, D.C.L., F.R.S. Dr. L. Playfair, R. Hunt, J. Graham. 

1843. Cork Prof. Apjohn, M.R.I.A R. Hunt, Dr. Sweeny. 

1844. York Prof. T. Graham, F.R.S Dr. L. Playfair, E. Solly, T. H. 

Barker. 

1845. Cambridge Rev. Prof. Gumming R. Hunt, J. P. Joule, Prof. Miller, 

E. Solly. 

1846. Southamp- Michael Faraday, D.C.L., Dr. Miller, R. Hunt, W. Randall. 

ton. F.R.S. 

1847. Oxford Rev. W. V. Harcourt, M.A., B. C. Brodie, R. Hunt, Prof. Solly. 

P.RiS. 

1848. Swansea ... Richard Phillips, F.R.S T. H. Henry, R. Hunt, T. Williams. 

1849. Birmingham John Percy, M.D., F.Ii.S R. Hunt, G. Shaw. 

1850. Edinburgh Dr. Christison, V.P.R.S.B. ... Dr. Anderson, R. Hunt, Dr. Wilson. 
1351. Ipswich ... Prof. Thomas Graham, F.R.S. T. J. Pearsall, W. S. Ward. 

1852. Belfast Thomas Andrews, M.D.,F.R.S. Dr. Gladstone, Prof. Hodges, Prof. 

Ronalds. 

1863. Hull Prof. J. F. W. Johnston, M. A., H. S. Blundell, Prof. R. Hunt,T. J. 

F.R.S. Pearsall. 

1854. Liverpool j Prof.W. A.Miller, M.D.,F.R.S. Dr. Edwai-ds, Dr. Gladstone, Dr. 

I Price. 

1855. Glasgow ... Dr. Lyon Playfair, C.B.,F.R.S. Prof. Frankland, Dr. H. E. Roscoe. 

1 856. Cheltenham Prof. B. C. Brodie, F.R.S. ... J. Horsley, P. J. Worsley, Prof. 

i • Voelcker. 

. 1867. Dublin iProf. Apjohn, M.D., F.R.S.,‘ Dr. Davy, Dr. Gladstone, Prof. Sul- 

! M.B.I.A. I livan. 

1868. Leeds Kir J, B’. W. Herschol, Bart.,' Dr. Gladstone, W. Odling, R. Key- 

D.O.L. nolds. 

1869. Aberdeen... I Dr. Lyon Playfair, C.B.,F.R.S. J. S. Brazier, Dr. Gladstone, G. D. 

j Liveing, Dr. Odling. 

1860. Oxford Prof. B. C. Brodie, F.R.S A. Vernon Harcourt, G. D. Liveing, 

I A. B. Northcote. 

1861. Manchester Prof.W.A.Miller, M.D.,F.R.S. A. Vernon Harcourt, G. D. Liveing. 

1862. Cambridge iProf. W.H.Miller,M.A.,F.R.8. H. W. Blphinstone, W. Odling, Prof. 

Roscoe. 

1863. Newcastle Dr. Alex. W. Williamson, Prof. Liveing, H. L. Pattinson, J. C. 

F.B.S. Stevenson. 

1864. Bath W. Odling, M.B., P.B.8 A. V. Haroonrt, Prof. Liveing, B. 

' Biggs. 
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Date and Place Presidents Secretaries 

1866.Bhmiiigham Prof. W. A. Miller, M.D., A. V. Harcourt, H. Adkins, Prof. 

^ V.P.B.S. WankJyn, A. Winkler Wills. 

J866. Nottingham H. Hence Jones, M.D., F.R,S. J, H. Atherton, Prof. Liveing, W. J. 

I / Bussell, J. White. 

1867. Dundee ... ! Prof. T. Anderson, M.D., A, Crum Brown, Prof. G. D. Liveing, 

I F.R.S.K. W.J. Russell. 

1868. Norwich ... Prof. K. Frankland, F.R.S. Dr. A. Crum Brown, Dr. W. J. Rus- 

sell, F. Sutton. 

1860. Exeter Dr. H. Debus, F.R.S Prof. A. Crum Brown, Dr. W. J. 

Russell, Dr. Atkinson. 

1870. Liverpool... Prof. H. E. Roscoc, B. A., Prof. A. Crum Brown, A. E. Fletcher, 

F.R.S. Dr. W. J. Russell. 

1871. Edinburgh Prof. T. Andrews, M.D.,F.B.S. J. Y. Buchanan, W. N. Hartley, T. 

E. Thorpe. 

1872. Brighton ... Dr. J. TT. Gladstone, F.R.S.... Dr. Mills, W. Chandler Roberts, Dr. 

W. J. Russell, Dr. T. Wood. 

1873. Bradford... Prof. W. J. Russell, F.R.S.... Dr. Armstrong, Dr. Mills, W. Chaiid- 

I ler Roberts, Dr. Thorpe. 

1874. Be]fa.st Prof. A. Crum Brown, M.D., Dr. T.Cranstoun Charles, W.Chand- 

F.R.S.E. lor Robert.s, Prof. Thorpe. 

1875. Bristol A. G. Vernon Harcourt, M.A., Dr. 11. E. Armstrong, W. Chandler 

F.R.S, Roberts, W. A. Tilden. 

1876. Glasgow ... W. H. Perkin, F.R.S W. Dittmar, W. Chandler Roberts, 

J. M. Thomson, W. A. Tilden. 

1877. Plymouth... F. A. Abel, F.R.S Dr. Oxland, W. Chandler Roberts, 

J. M. Thomson. 

1878. Dublin Prof. Maxwell Simpson, M.D., W. Chandler Roberts, J. M. Thom- 

F.R.S. son. Dr. C. R. Tichborne, T. Wills, 

1879. Sheffield ... Prof. Dewar, M.A., F.R.S. ... H. S. Bell, W. Chandler Roberts, 

J. M. Thomson. 

1880. Swansea ... Joseph Henry Gilbert, Ph.D., p. P. Bedson,H. B. Dixon, W. R. E. 

F.R.S. Hodgkinson, J. M. Thomson. 

1881. York......... Prof. A. W. Williamson, F.R.S. :P. P. Bedson, H. B. Dixon, T. Gough. 

1882. Southamp- Prof. G. D. Liveing, M.A.,ip. Phillips Bedson, H. B. Dixon, 

ton. F.R.S. I J. L. Hotter. 

1883. Southport Dr. J. 11. Gladstone, F.R.S... I Prof. P. Phillips Bedson, H. B. 

I Dixon, H. Forster Morlcy. 

1884. Montreal ... Prof. Sir II. E Roscoc, Ph.D., Prof. P. Phillips Bedson, H. B. Dixon, 

LL.D., F.R.S. T. McFarlane, Prof. W. II. Pike. 

1885. Aberdeen... Prof. H. E. Armstrong, Ph.D., Prof. P. Phillips Bedson, H.B. Dixon, 

F.K.S., Sec. C.S. H. Forster Morlcy, Dr. W. J. 

Simpson. 

1886. Birmingham W. Crookes, F.R.S., V.P.C.S. P. P. Bedson, H. B. Dixon, II. F. Mor- 

ley, W. W. *•). N icol, C. J . Woodward . 

1887. Manche.ster Dr. E. Schunck, F.R.S Prof. P. Phillips Bedson, II. Forster 

Morley, W. Thomson. 

1888. Bath Prof. W. A. Tilden, D.Sc., Prof. H.B. Dixon, II. Forster Morlcy, 

F.R.S., V.P.C.S. R. E. Moyle, W. W. J. Nicol. 

1889. Newcastle- Sir I. Lowthian Bell, Bart., H. Forster Morley, D. H. Nagel, W. 

upon-Tync D.C.L., F.R.S. W. J. Nicol, H. L. Pattinson, jun. 

1890. Leeds Prof. T. E. Thorpe, B.Sc., C. H.Bothamley,H. Forster Morley, 

Ph.D., P’.R.S., Treas. C.S. | D. H. Nagel, W. W. J. Nicol. 

1891. Cardiff Prof. W. C. Roberts-Austen.i'O. H. Bothamley, H. Forster Morley, 

C.B., F.R.S. 1 W. W. J. Nicol, G. S. Turpin. 

1892. Edinburgh Prof. H. McLeod, F.ILS !J. Gibson, H. Forster Morley, D. H. 

I Nagel, W. W. J. Nicol. 

1893. Nottingham Prof. J. Emerson Reynolds, 'j. B. Coleman, M. J. R. Dun.stan, 

M.D., D.Sc., F.B.8. | D. H. Nagel, W. W. J. Nicol. 

1894. Oxford Prof. II. B. Dixon, M.A., P.R.S. lA. Colefax, W. W. Fisher, Arthur 

i Harden,. H. Forster M orley. 
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SECTION B (continued), — ciiBMistRV. 

1805. Ipswich ....Prof. R. Meldola, F.R.S ,E. H. Fison, Arthur Harden, 0. A 

j Kohn.J. W. Rodger. 

1896. Liverpool... Dr. Ludwig Mond, F.R.S. ... (Arthur Harden, C. A. Kohn. 

1897. Toronto ... Prof. W. Ramsay, F.R.S Prof. W. IL Ellis, A. Harden, C. A. 

Kohn, Prof. R. F. Ruttan. 

1898. Bristol Prof. Fi R. Japp, F.R.S C. A. Kohn, F. W. Stoddart, T. K. 

Rose. 

1899. Dover Horace T. Brown, F.R.S A. D. Hall, C. A. Kohn, T. K. Rose, 

Prof. W. P. Wynne. 

1900. Bradford ... Prof. W. H. Perkin, F.R.S. ... W. M. Gardner, F. S. Kipping, W. 

i J. Pope, T. K. Rose. 

1901. Glasgow ... Prof. Percy F. Frankland, W. C. Anderson, G. G. Hendersoh, 

F.R.S. i W. J. Pope, T. K. Rose. 

1902. Belfast Prof. E. Divers, F.R.S ' R. F. Bhike, M. 0. Forster, Prof. 

I G. G, Henderson, Prof. W. J. Pope. 

1903. Southport Prof. W. N. Hartley, D.Sc., Dr. M. O. Forster, Prof. G. G. Hen- 

F.R.S. derson, J. Ohm, Prof. W. J. Pope. 

1904. Cambridge Prof. Sydney Young, F.R.S.... Dr. M. 0. Forster, Prof. G. G. Hen- 

derson, Dr. H. 0. Jones, Prof. W. 
J. Pope. 

1906. South Africa George T. Beilby W. A. Caldecott, Dr. M. 0. Forster, 

Prof. G. G. Henderson, C. F. Juritz. 

1906. York Prof. Wyndham R. Dunstan, Dr. E. F. Armstrong, Prof. A.W. Cross- 

F. R.S. lo}^ S. H. Davies, Prof. W. J. Pope. 

1907. Leicester... Prof. A. Smithells, F.R.S. ... Dr. K. F. Armstrong, Prof. A. W. 

Crossley, J. H. Hawthorn, Dr. 
F. M. Perkin. 

1908. Dublin Prof. F. S. Kipping, F.R.S. ... Dr. E.F.Armstrong, Dr. A. McKenzie, 

Dr. F M. Perkin, Dr. J. H. Pollock. 

1909. Winnipeg. . . Prof. H. E. Armstrong, F.R.S. Dr. E. F. Armstrong, Dr. T. M. Lowry, 

' Dr. F. M. Perkin,* J. W. Shipley. 

1910. Sheffield ... J. E.* Stead, F.R.S 'Dr. E. F. Armstrong, Dr. T. M. 

I Lowry, Dr. F. M. Perkin, W. E. S. 

I Turner. 

. Siih’sectwn of Agriculture^ A.: Dr. C. Crowther, J. Golding, Dr. E. 
D. Hall, F.R.S 1 J. Russell. 

GEOLOGICAL (and, until 1851, GEOGRAPHICAL) SCTENCJi. 

COMMIITEE OF SCIENCES, III. — GEOLOGY AND GEOGRAPHY. 

1832. Oxford R. I. Murchison, F.R.S .. John Taylor. 

1833. Cambridge G.,B. Greenough, F.R.S iW. Lonsdale, John Phillips. 

1834. Edinburgh Prof. Jameson I J. Phillips, T. J. Torrie, Rev. J. Yates. 

SECTION C. — GEOLOGY AND GEOGRAPHY. 

1836. Dublin 'R. J. Griffith Captain Portlook, T. J. Torrie. 

1836. Bristol I Rev. Dr. Buckland, F.R.S.-- William Sanders, S. Stutchbury, 

I ^/cfly.,R.I.Murchison,F.R.S. T. J. Torrie. 

1837. Liverpool... : Rev. Ihrof. Sedgwick, F.R.S. — Captain Portlock, B. Hunter. — Oeo- 

(?<j<>y.,G.B.Greenoiigh, F.R.S. Capt. H. M. Denham, U.N. 

1838. Newcastle., C, Lyell, F.R.S., V.P.G.S. — W. C. Trevelyan, Capt. Portlock.— 

I Geography^ Lord Prudhoe. Geography^ Capt. Washington. 

1839. Birmingham Rev. Dr. Buckland, F.B.S. — George Lloyd, M.D., H. B. Strick- 

(i^tfj/.jG.B.Greenough, F.R.S. land, Cliarles Darwin. 

1840. Glasgow ... Charles Lyell, F.R.S. — Geog.y W.J. Hamilton, D. Milne, H. Murray, 

G. B. Greenough, F.R.S. H. E. Strickland, J. Secular. 

1841. Plymouth... H. T. De la Beche, F.B.S. ... W.J. Hamilton, Ed ward'Moore,M.D., 

- R. Hutton. 

1842. Manchester B. I. Murchison, F.B.S B. W. Binney, R. Hatton, Dr. B. 

. .. Lloyd, H. B. Strickland. 
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Date and Place 

Presidents 

Secretaries 

1843. Cork"; 

1844. Tork 

1846. Cambridge 

1846. Southamp- 
ton. 

1847. Oxford 

1848. Swansea ... 

1849. Birmingham 

1850. Edinburgh 1 

Richard E. Griffith, F.R.S. ... 
Henry Warburton, Pres. G. S. 
Rev. Prof. Sedgwick, M.A. 
F.R.S* 

Leonard Homer, F.B.S 

Very Rev.Dr.Buckland,F.R.S. 

Sir H. T. De la Bechc, F.R.S. 
Sir Charles Lyell, F.B.S 

Sir Roderick I. Murchison, 
F.R.S. 

F. M. Jennings, H. E. Strickland. 
Prof. Ansted, E. H. Bunbury. 

Rev. J. 0. Gumming, A. C. Ramsay, 
Rev. W. Thoq). 

Robert A. Austen, Dr. J. H. Norton, 
Prof. Oldham, Dr. C. T. Beke. 
Prof. Ansted, ^f. Oldham, A. C. 

Ramsay, J. Ruskin. 
S.Benson,Prof.01d}iam,Prof.Ramsay 
J. B. Jukes, Prof. Oldham, A. C. 
Ramsay. 

A. Keith Johnston, Hugh Miller, 
Prof. Nicol. 


1851. Ipswich .. 

1852, Belfast 

1863. Hull 

1854. Liverpool... 

1855. Glasgow ... 

1856. Clieltenljam 

1867. Dublin 

1858. Leeds ...r,. 

1859. Aberdeen... 

1860. Oxford....!. 

1861. Manchester 

1862. Cambridge 

1863. Newcastle 

1864. Bath 

1865. Birmingham 

1866. Nottingham 

1867. Dundee ... 

1868. Norwich ... 

1869. Bxeter 

870. Liverpool... 

1871. Edinburgh 

1872. Brighton... 

1873. Bradford ... 


SECTION c (continued). — geology. 


I William Hopkins, M.A.jF.R.S, 


Sir R. I. Murchison, F.B.S.... 
Prof. A. C. Bamsay, F.K.S.... 

The Lord Talbot de Malahide 


' TAoiit.' Col. 
F.R.S. 


Portlock, B.E., 


C. J. F. Buribury, G. W. Ormcrod, 
Searles Wood. 

James Bryce, James MacAdam, 
Prof. M*Coy, Prof. Nicol. 


Prof. Sedgwick, F. B.S. ........ j Prof. Harkness, William Lawton. 

Prof. Edward Forbes, F.li.S. Jolin Cunningham, Prof. Harkness, 
G. W. Ormcrod, J. W. Woodall. 

J. Bryce, Prof. Harkness, Prof. Nicol. 
Kev. P. B. Brodie, Rev. R. Hep- 
worth, Edward Hull, J. Scougall, 
T. Wright. 

Prof. Harkness, G. Sanders, R. H. 
Scott. 


William Hopkins,M.A., F.R.S. 

Sir Charles Lyell, LL.D., 
D.C.L., F.R.S. 

Rev. Prof. Sedgwick, P.R.S... 

Sir R. I. Murchison, D.C.L., 
LL.D., F.R.S. 

J. Bcetc Jukes, M.A., F.ll,S. 

Prof. Warington W. Smyth, 
F.R.S., F.G.B. 

Prof. J. Phillips, LL.D., 
F.R.S-., F.G.S. 

Sir R. I. Murchison, Bart., 
K.C.B., F.R.S. 

Prof. A. C. Ramsay, LL.D., 
F.R.S. 

Archibald Geikic, F.R.S 

R. A. C. Godwin- Austen, 
F.R.S., F.G.S. 

Prof. R. Harkness, F.R.S., 
F.G.S. 

Sir Philip dc M.Grey Egerlon, 
Bart., M.P., P.E.8. 

Prof. A. Geikie, F.R.S., F.G.S. 

R. A. C. Godwin-Austen, 
F.R.S..F.GA 

Prof. J. Phillips, F.R.S 


Prof. Nicol, H. C. Sorby, E. W. Shaw. 
Prof. Harkness, Rev. J. Longmuir, 
H. C. Sorby. 

Prof. Harkness, E. Hull, J. W. 
Woodall. 

Prof. Harkness, Edward Hull, T. 

Rupert Jones, G. W. Ormerod. 

I Lucas Barrett, Prof. T. Rupert 
Jones, H. C. Sorby. 

E. F. Boyd, John Daglish, H. C. 

Sorby, Thomas Sopwith. 

W. B. Dawkins, J. Johnston, H. C. 

Sorby, W. Pengelly. 

Rev. P. B. Brodie, J. Jones, Rev. E. 

Myers, H. G. Sorby, W. Pengelly. 
R. Etheridge, W. Pengelly, T. Wil- 
son, G. H. Wright. 

B. Hull, W. Pengelly, H. Woodward. 
Rev. 0. Fisher, Rev. J. Gunn, W. 

Pengelly, Rev. H. H. Winwood. 
W. Pengelly, W. Boyd Dawkins 
Rev. H. H. Winwood. 

W. Pengelly, Rev. H. H. Winwood, 
W. Boyd Dawkins, G. H. Morion. 
R. Etheridge, J. Geikie, T. McEenny 
Hughes, L. 0. Miall. 

L. C. Miall, George Scott, William 
Topley, Henry Woodward. 
L.C.Miall,R.H.Tiddeman,W.Topley 


* Geography was constituted a separate Section, see page Izxiz. 
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Date and Place 


1874. Belfast.. 


1875. 

1876. 

1877. 

1878. 

1879. 

1880. 
1881. 

1882. 

188.S. 

1384. 

1885. 

1886. 

1887. 

1888. 

1889. 

1890. 

1891. 

1892. 

1893. 

1894. 
1896. 

1896. 

1897. 

1898. 

1899. 

1900. 

1901. 

1902. 

1903. 

1904. 

1905. 


Bristol... 

Glasgow 

Plymouth... 

Dublin... 


Sheffield ... 
Swansea ... 
York 

Southamp- 

ton. 

Southport 
Montreal ... 
Aberdeen ... 
Birmingham 
Manchester 
Bath 


Presidents 


Prof. Hull, M.A., F.B.S., 
F.G.S. 

Dr.T. Wright, F.R.S.E.,F.G.S. 
Prof. John Young, M.D. ...... 


W. Pengelly, F.R.S.. F.G.S. 

John Evans, D.C.L., F.R.S. 

F.S.A., F.G.S. 

Prof. P. M. Duncan, F.R.S. 
H. 0. Sorby, P.R.S., F.G.S.... 
A. C. Ramsay, LL.D., F.R.S., 

F. G.S. 

R. Etheridge, F.R.S., F.G.S. 

Prof. W. C. Williamson, 
DL.D., F.R.S. 

W. T. Blanford, F.R.S , Sec. 

G. S. 


Secretaries 


F. Drew, L. 0. Miall, R. G. Symes, 
R. H. Tiddeman. 

L, 0. Miall, E. B. Tawney, W. Topley. 
J, Armstrong, F. W. Rudler, W. 
Topley. 

Dr. Le Neve Foster, R. H. Tidde- 
man, W. Topley. 

E. T. Hardman, Prof. J. O'Reilly, 
R. H. Tiddeman. 

W. Topley, G. Blake Walker. 

W. Topley, W. Whitaker. 

J. B. Clark, W. Keeping, W. Topley, 
W. Whitaker. 

T. W. Shore, W. Topley, E. West- 
lake, W. Whitaker. 

R. Betley, C. E. Dc Ranee, W. Top- 
ley, W. Whitaker. 

F. Adams, Prof. K. W. Claypole, W. 
Topley, W. Whitaker. 

Prof. J. W. Judd, F.R.S., Sec.’C. E. De Ranee, J. Horne, J. J. H. 

G.S. ! Teall, W. Topley. 

Prof. T. G. Bonney, D.Sc., 'W. J. Hamson, J. J. H. Teall, W. 
LL.D., F.R.S., F.G.S^ j Topley, W. W. Watts. 


Newcastle- 
upon-Tyne 
Leeds 


Cardiff 

Edinburgh 

Nottingham 

Oxford 

Ipswich ... 

Liverpool... 
Toronto ... 

Bristol 

Dover 

Bradford ... 

Glasgow ... 
Belfast 


Southport 

Cambridge 

SoutliAfrica 


Henry Woodward, LL.D., 
F.R.S., F.G.S. 

Prof.W. Boyd Dawkins, M.A., 
F.R.S., F.G.S. 

Prof. J. Geikie, LL.D., D.C.L., 
F.R.S., F.G.S. 

Prof. A. II. Green, M.A., 
F.R.S., F.G.S. 

Prof. T. Rupert Jones, F.R.S., 
F.G.S. 

Prof. 0. Lapworth, LL.D., 
F.R.S., F.G.S. 

J. J. H. Teall, M.A., F.R.S., 
F.G.S. 

L. Fletcher, M.A., F.R.S. ... 

W. Whitaker, B.A., F.R.S. ... 

J. E. Marr, M.A., F.R.S. 

Dr. G. M. Dawson, C.M.G., 
F R S 

W. H.’Hudle8ton,F.R.S 

Sir Archibald Geikie, B\R.S. 

Prof. W. J. Sollas, F.R.S. ... 

John Horne, F.R.S 

Lieut.-Gen. C. A. McMahon, 

F.R.S. 

Prof. W. W. Watts, M.A., 
M.Sc. 

Aubrey Strahan, F.R.S. 

Prof. H. A. Miers, M. A., D.Sc., 
F.R.S. 


J. B. Marr, J. J. H. Teall, W. Top- 
ley, W. W. Watts. 

Prof G. A. T.ebour, W. Toj ley, W 
W. Watts, H. B. Woodward. 

Piof. G. A. Leboiir, J. B. Marr, W. 
W. Watts, H. B. Woodward. 

J. E. Bedford, Dr. F. H. Hatch, J. 
B. Marr, W. W. Watts. 

W. Galloway, J. E. Marr, Clement 
Reid, W. W. Watts. 

H. M. Cadcll, J. E. Marr, Clement 
Reid, W. W. Watts. 

J. W. Carr, J. E. Marr, Clement 
Reid, W. W. Watts. 

F. A. Bather, A. Harker, Clement 
Reid, W. W. Watts. 

F. A. Bather, 0. W. Lamplugh, H. 
A. Miers, Clement Reid. 

J. Lomas, Prof. H. A. Miers, C. Reid. 

Prof. A. P. Colemjin, G. W. Larap- 
lugh. Prof. H. A. Miers. 

G. W. Lamplugh, Prof. H. A. Miers, 
H. Pentecost. 

J. W. Gregor)’, G. W. Lamplugh, 
Capt. McDakiii, Prof. H. A. Miers. 

H. L. Bowman, Rev. W. L. Carter, 
G. W. Lamplugh, H. W. Monckton. 

H. L. Bowman, H. W. Monckton. 

H. L. Bowman, H. W. Monckton, 
J. St. J. Phillips, H. J. Seymour. 

H. L. Bowman, Rev. W. L. Carter, 
J. Lomas, H. W. Monckton. 

H. *L. Bowman, Rev. W. L. Carter, 
J. Lomas, H. Woods. 

H. L. Bowman, J. Lomas, Dr. Molen- 
giaaif, Piof. A. Young, Prof. R. B, 
Young. 



Ixxiv PRESIDENTS AND SECRETARIKS OK THE SECTlOliS. 


Date and Place Prcsident.s Secretaries 

lOOG. Yorfe G. W. Liimplugh, F.R.S. ...... II. L. Bowman, Rev. W. L. Carter, 

Rev. W. Johnson, J. Lomas. 

1907. I.eicester ... Prof. J. W. Gregoiy, F.R.S.... i Dr. F. W. Bennett, Rev. W. L. Carter, 

I Prof. T. Groom, J. Lomas. 

1908. Dublin Prof. John Joly, F.R.S. ...... i Rev. W. L. Carter, J. Lomas, Prof. 

iS. II. Reynolds, H. J. Seymour. 

1900. Winnipeg... Dr. A. Smith Woodward, W.L. Carter, Dr. A. R. Dwerryhouse, 
F.R.S. R T.Hodgson, Prof. S.ll. Reynolds. 

1910. Sheffield ... j Prof. A. P. Coleman, F.R.S... W. L. Carter, Dr. A. R. Dwerryhouse, 

B. Hobson, Prof. S. H. Reynolds. 

BIOLOGICAL SCIENCES. 

COMMirrEE OF SCIENCES, IV. — ZOOLOGY, BOTANY, PHYSIOLOGY, ANATOMY. 

1832. Oxford Rev. P. B. Duncan, F.G.S. ...|Rev. Prof. J. S. Henslow. 

1833. Cambridge Rev. W.L. P. Garnons, F.L.S. C. C. Babinglon, D. Don. 

1834. Edinburgh ,Prof. Graham W. Yarrell, Prof. Burnett. 

SECTION D. — ZOOLOGY AND BOTANY. 

1835. Dublin | Dr. Allman | J. Curtis, Dr. Litton. 

1836. Bristol Rev. Prof. Henslow |j. Curtis, Prof. Don, Dr. Riley, S. 

j Rootsey. 

1837. Liverpool... W. S. MacLeay C. C. Babington, Rev. L. Jenyns, W. 

Swainson. 

1838. Newcastle Sir W. Jardinc, Bart J. E. Gray, Prof. Jones, R. Owen, 

Dr. Richardson. 

1839. Birmingham Prof. Owen, F.K.S B. Forbes, W. Ick, R. Patterson. 

1840. Glasgow ... Sir W. J. Hooker, LL.D l»rof. W. Couper, E. Forbes, R. Pat- 

terson. 

1841. Plymouth... John Richardson, M.D.,F.R.S. J.Couch,Dr.Lanke8tcr,R. Patterson. 

1842. Blanches! or lion, and Very Rev. W. Her- Dr. Lankestcr, R. Pat terson, J. A. 

bert, LL.D., F.L.S. Turner. 

1843. Cork William Thompson, F.L.S. ... G. J. Allman, Dr. Lanke.ster, R. 

Patterson. 

1844. York Very Rev. the Dean of Man- Prof, Allman, H. Goodsir, Dr, King, 

Chester. Dr. Lankestcr. 

1845. Cambridge Rev. Prof. Henslow, F.L.S... . Dr. Lankestcr, T. V. Wollaston. 

1846. Southamp- Sir J. Richard.son, M.D., Dr. Lankestcr, T. V. Wollaston, H. 

ton. F.R.S. Wooldridge. 

1847. Oxford H. K. Strickland, M.A., F.R.S. Dr. Lankestcr, Dr. Melville, T. V. 

Wollaston. 

SECTION D {continued ). — zoology and botany, including physiology. 

[For the Presidents and Secretaries of the Anatomical and Physiological Sub- 
sections and the temporary Section B of Anatomy and Medicine, see p. Ixxviii.] 

1848. Swanseh ...IL. W. Dillwyn, F.R.S Dr, R. Wilbraham Falconer, A. Hen- 

I I frey, Dr, Lankester. 

1 849. Birmingham William Spence, F.R.S Dr. Lankester, Dr. Russell. 

1850. Edinburgh Prof. Goodsir, F.R.S.,F.U.S.E. Prof. J. H. Bennett, M.D., Dr. Lan- 

kester, Dr. Doughis Maclagan. 

1851. Ipswich ...Rev. Prof. Henslow, M.A., Prof. Allman, F.W. Johnston, Dr. E. 

F.R.S. Lankester. 

1862. Belfast W. Ogilby Dr. Dickie, George C. Hyndman, Dr, 

Edwin Lankester. 

1863. Hull C. C. Babington, M.A., F,R.S. Robert Harrison, Dr. B. Lankester. 

* At this Meeting Physiology and Anatomy were made a separate Committee, 
for Presidents and Secretaries of which see p. Ixxviii. 
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1854. Liverpool... Prof. Balfour, M.D., F.R.S....| Isaac Byerley, Dr. E. Lankestcr. 

1866. Glasgow ... Rev. Dr. Fleeming, F.R.S.E. 'William Keddic, Dr. E, Lankester. 

1866. Cheltenham Thomas Bell, F.R.S., Prcs.L.S. Dr. J. Abercrombie, Prof. Buckman, 

Dr. E. liankester. 

1867. Dublin Prof. W. H. Harvey, M.D., Prcf.J.R.Kinahan, Dr. E. Lankester, 

F.R.S. Robert Patterson, Dr. W. E. Steele. 

1868. Leeds 0. C. Babington, M.A., F.B.S. Henry Denny, Dr. Heaton, Dr. E. 

Lankester, Dr. E. Perceval Wright. 

1869. Aberdeen... Sir W.Jardine, Bart., P.B.S.E. Prof. Dickie, M.D., Dr. E. Lankester, 

Dr. Ogilvy. 

I8G0. Oxford Rev. Prof. Henslow, P.L.S.... W. S. Church, Dr. E. Lankester, P. 

L. Sclater, Dr. E. Perceval Wright. 

1861. Manchester l^of. C. C, Babington, F.R.S. Dr. T. Alcock, Dr. E. Lankester, Dr 

P, L. Sclater, Ih’. E. P. Wright, 

1862. Cambridge Prof. Huxley, F.R.S Alfred Newton, Dr. E. P. Wright. 

1863. Newcastle Prof. Balfour, M.D., F.R.S.... jDr. E. Charlton, A. Newton, Rev. II. 

1 B. Tristram, Dr. E. P. Wright. 

1864. Bath Dr. John E. Gray, F.R.S. ...ifl. B. Brady, C. E. Broom, H. T. 

Stainton, Dr. E. 1*. Wright. 

1866. B i T m i ng- T. Thomson, M.D., F.R.S. ... Dr. J. Anthony, Rev. C. Clarke, Rev. 
ham.‘ H. B. Tristram, Dr. E. P. Wright. 

SECTION D {continued), — BiOhOGV. 

1866. Nottingham Prof. Huxley, F.R.S. — Dep. Dr. J. Beddard, W. Felkin, Rev. H. 

of PhysnoLy Prof. Humphry, B. Tristram, W. Turner, E. B. 
V,JiMi—Dvp,ofAHthropol,y Tylor, Dr. E. P. Wright. 

A. R. Wallace. 

1867. Dundee ... Prof. Sharpey, M.D.,Sec. R.S. C. Spence Bate, Dr. S. Cobbold, Dr. 

— Pcj). of Zool, and Pot., M. Foster, H. T. Stainton, Rev. 
George Busk, M.D., F.R.S. H. B. Tristram, Prof. W. Turner. 

1868. Norwich ... Rev. M. J. Berkeley, F.L.S. Dr. T. S. Cobbold, G. W. Firth, Dr. 

— Dtp. of Phymlogy, W. M. Foster, Prof. I^awson, H. T. 
H. Flower, F.R.S. Stainton, Rev. Dr. H. B. Tristram, 

Dr. E. P. Wright. 

1860. Exeter George Busk, F.R.S., F.L.S. Dr. T. S. Cobbold, Prof. M. Foster, 

I — Dtp. of Pot. and ZooL, E. Ray Lankester, Prof. Lawson, 

C. Spcncc Bate, F.R.S.— H. T. Stainton, Rev. U. B. Tris- 

Pep. of Eihno., E. B. Tylor. tram. 

1870. Liverpool... Prof.G.llolleston,M.A.,M.D., iDr. T. S. Cobbold, Sebastian EVans, 

F.R.S., F.L.S. — Dtp. of Prof. Lawson, Thos. J. Moore, H. 
Anat. and PhyM.,Vxo^.M. T. Stainton, Rev. H. B. Tristram, 
Foster, M.D., F.L.S.— C. Staniland Wiike, E. Ray Lan- 
of Mhno., J. Evans, F.R.S. kester. 

1871. Edinburgh. Prof. Allen Thomson, M.D., Dr. T. R. Fraser, Dr. Arthur Gamgce, 

F.R.S.-- T)ep, of Pot. and, E. Ray Lankester, Prof. Lawson, 
i5wZ.,Prof . Wy villeThomson, : H. T. St aint on, C. St aniland Wake, 
F.R.S .— of A nthropol.. Dr. W. Rutherford, Dr. Kelburnc 
Prof. W. Turner, M.D. King. 

1872. Brighton ... Sir J. Lubbock, Bart., F.R.S. — Prof. Thiselton-Dyer,H. T. Stainton, 

Pep. of Anat. and Physiol., Ihrof. Lawson, F. W. Riidler, J. H. 
Dr. Burdon Sanderson, Lamprey, Dr. Gamgce, K. Bay 
F.R.S. — Pep. of Anthropol.<t Lankester, Dr. Pyc- Smith. 

Col. A. Lane Fox, F.G.S. 

1873. Bradford ... Prof. Allman, F.R.S. — Dtp. of Prof. Thisclton-Dyer, Prof. Lawson. 

Amt.and Physiol., Vxot.VAi- R. MGiachlan, Dr. Pye-SmiUi, K. 
therford,M.D.— Ray Lankester, F. W. Rudler, J. 
fAf»j^ 0 l.,Dr. Beddoe, F.R.S. fl. Lamprey. 

‘ The title of Section D was elianged to Biology. 
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Date and Place PreaidentB Secretaries 

1874. Belfast Prof, Redfem, M,D. — D^, of W.T.Thi8elton*Dyer,R.O. Ounning- 

Zool, mtd Bot.f Dr. Hooker, ham, Dr. J. J, Charles, Dr. P. H. 
O.B.,Pres.R.S. — Lep^ofAn- Pye-Smith, J, J. Murphy, F, W, 

Sir W. R, Wilde, Rudler. 

M.D. 

1875. Bristol P. L. Sclater, F.R.S.~2?^.o/ B. R. Alston, Dr. McKendrick, Prof. 

Amt, and Physiol, Prof.^ W. R. M‘Nab, Dr. Martyn, F. W. 
Clcland, F.R.S. — B&p. of Rudler, Dr, P, H. Pye-Smith, Dr. 
i47^fA.,Prof.Rolleston,F.R.S. W. Spencer. 

1876. Glasgow ... A. Russel Wallace, F.L.S.-~ E. R. Alston, Hyde Clarke, Dr. 

Pep, of Zool and Bat,, Knox, Prof. W. R. M‘Nab, Dr. 
Prof. A. Newton, F.R.S. — Muirhead, Prof. Morrison Wat- 
Bep, of Amt, a/nd Phyml, son. 

Dr. J. Q. McKendrick. 

1877. Plymouth... J. Gwyn Jeffreys, F.R.S.-- E. R. Alston, F. Brent, Dr. D. J. 

Bep, of Anat, and Physiol, Onnningliani, Dr. C. A. Kingston, 
Prof. Macalister.— of. Prof. W. U. M‘Nal), J. B. liowe, 
Anthropol,¥,GoMon,V\U.K\ F, W, Rudler. 

1878. Dublin Prof. W. B. Flower, F.B,S,— j Dr. H. J. Harvey, Dr. T. Hayden, 

Bep, of AnthropoL, Prof. ' Prof. W. R. M^Nah, l*rof. J. M. 
Huxley, Sec. R.S. ~Bep. ' Purser, J. B. Rowe, F, W. Rudler. 
of Anat. and Physiol, R ■ 

McDonnell, M.D., F.RS. ; 

1879. Sheffield ... Prof. St. George Mivart,’ Arthur Jackson, Prof, W. R. M‘Nab, 

F.R,{^.— Bop. of Anthropol, J. B. Rowe, F. W. Rudler, Prof. 

K. B. Tylor, D.C.L., F.R.S. Schafer. 

—Bep. of Amt. and Phy- 
siol, Dr. Pye-Sraitli. 

1880. Swansea ... A.C.L. Gunther, P.R.S. — Bip, G. W. Bloxam, John Priestley, 

of Anat. Physiol, F. M. Howard Saunders, Adam Sedg- 
Balfour, F.U.S.— of wick. 

Antlwopol, F. W. Rudler. 

1881. York.. R. Owen, B\R.S.— G. W. Bloxam, W. A. Forbes, Rev. 

</ira/ioZ., Prof. W.H. Flower, I W. C. Hey, Prof. W. R. M'Nab, 
F.R.S. — Bep. of Amt. and W. North, John Priestley, Howard 
Physiol, Prof. J. S. Burdon Saunders, H. B. Spencer. 

Sanderson, 1?.R.S. 

1882. Southamp- Prof. A. Gamgce,M.D.,F.R.S. G. W. Bloxam, W. Heapc, J. B. 

ton. — Bep. of Zool and Bat., Nias, Howard Saunders, A. Sedg- 

Prof. M. A. Lawson, F.L.S. wick, T. W. Shore, jun. 

— Bep. of Antlwopol, l*rof. 

W. Boyd Dawkins, F.R.S. 

1883. Southport Prof. E. RayLankester.M.A., G. W. Bloxam, Dr. G. J. Haslam, 

F.R.^.^Bep.of Anthropol,\ W. Heape, W. Hurst, Prof. A. M. 

W. Pengelly, P.R.S. j Marshall, Howard Saunders, Dr. 

’ G. A. Woods. 

1884. Montreal'... Prof. H. N. Moseley, M.A., Prof. W. Osier, Howard Saunders, 

F.R,S. j A. Sedgwick, Prof. R. R. Wright. 

1886. Aberdeen... Prof. W. C. M‘Intosh, M.D.,'W. Heape, J. McGregor- Robert son, 
LL.D., F.R.S., F.R.S.E. j J. Duncan Matthews, Howard 
I Saunders, 11. Marshall Ward. 

1886. Birmingham W. Carruthers, Pres. L.S,, Prof. T. W. Bridge, W. Heape, Prof. 

F.R.S., F.G.S. W. Hillhouse, W. L. Sclater, Prof. 

H. Marshall Ward. 

1887. Manchester |Prof. A.Newton,M.A.,F.R.S., C. Bailey, F. B. Beddard, S. F. Har- 

I F.L.S., V.P.Z.S. mer, W. Heape, W. L. Sclater, 

I Prof. H. Marshall Ward. 


> Anthropology was made a separate Section, see p. Ixxxv. 
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Date and Place 


Flresidents 


Seeretariee 


1888. Bath 

1889. Newcastle- 
upon-Tyne 

1890. Leeds 

1891. Cardiff 

1892. Edinburgh 

1893. Nottingham* 

1894. Oxford* ...! 


W. T. Thiselton-Dyer, O.M.G., 
F.R8., P.L.S. 

Prof. J. S. Burdon Sanderson, 
M.A.. M.D.. F.R.S. 

Prof. A. Milneq^ Marshall, 
M.A., M.D., D.Sc., P.B.S. 

Francis Darwin, M.A., 

F.R.S., F.L.S. I 

Prof. Rutherford, M.D.,; 

F.R.S., F.E.S.E. I 

Rev. Canon H. B. Tristram, 
M.A., LL.D., F.R.S. 


F. E. Beddard, S. F. Banner, Prof. 
H. Marshall Ward, W. Gardiner. 
Prof. W. D. Halliburton. 

0. Bailey, F. E. Beddard, S. F. Har- 
mer, Ptot T. Oliver, Prof. H. Mar- 
shall Ward. 

8. F. Harmer, Prof. W. A. Herdman, 
S. J. Hickson, P. W. Oliver H. 
Wager, H. Marshall Ward. 

F. E. Beddard, Prof. W. A. Herdman, 
Dr. 8. J. Hickson, G. Murray, Prof. 
W. N. Parker, H. Wager. 

G. Brook, Prof. W. A. Herdman, G. 
Murray, W. Stirling, H. Wager. 

G. C. Bourne, J. B. Farmer, Prof. 
W. A. Herdman, 8. J. Hickson, 
W. B. Ransom, W. L. Sclater. 


Prof. I. Bayley Balfour, M.A.,;W. W. Benham, Prof. J. B. Farmer, 
F.R.S. i Prof. W. A. Herdman, Prof. H. J. 

I H ickson , G. M urray, W. L. Sclat er. 


1896. Ipswich ... 

1896. Liverpool... 

1897. Toronto ... 

1898. Bristol 

1899. Dover 

1900 Bradford ... 

1901. Glasgow ... 

1902. Belfast 

1903. Southport 

1904. Cambridge 

1906. South Africa 

1906. York 

1907. Leicester... 

1908. Dublin 

1909. Winnipeg... 

1910. Sheffield ... 


SECTION D (contimied), — zoology. 


I Prof. W. A. Herdman, F.U.S. 
'Prof. E. B. PouUon, F.R.S. ... 


Prof. L. C. Miall, F.U.S 

Prof. W. F. R. Weldon, F.R.S. 

Adam Sedgwick, F.R.8 

Dr. R. H. Traquair, F.B.S. ... 

Prof. J. Cossar Ewart, F.R.S. 
Prof. G. B. Howes, F.R.S. ... 

Prof. S. J. Hickson, F.R.S. ... 


William Bateson, F.R.S. ...... 


G. A. Boulenger, F.R.S 


I J. J. Lister, F.R.S 


Dr. W. B. Hoyle, M.A 

Dr. S. F. Harmer, F.R.S 

Dr. A. E. Shipley, F.R.S. ... 
Prof. G. C. Bourne, F.R.S. ... 


G. C. Bourne. H. Brown, W. E. 
Hoyle, W. L. Sclatcr. 

H. 0. Forbes, W. Garstang, W. E. 
Hoyle. 

W. Garstang, W. E. Iloyle, Prof. 
B. E. Prince. 

Prof. R. Boyce, W. Garstang, Dr. 

A. J. Harrison, W. E. Hoyle. 

W. Garstang, J. Graham Kerr. 

W. Garstang, J. G. Kerr, T. H. 

Taylor, Swale Vincent. 

J. G. Kerr, J. Rankin, J. Y. Simpson. 
Prof. J. G. Kerr, R. Patterson, J. Y, 
Simpson. 

Dr. J. H. Ashworth, J. Barcroft, A. 
Quayle, Dr. J. Y. Simpson, Dr. 
H. W. M. Tims. 

Dr. J H. Ashworth, L. Doncaster, 
Prof. J. Y. Simpson, Dr. H. W. M. 

I Tims. 

Dr. Pakes, Dr. Purcell, Dr. H. W. M. 

[ Tims, Prof. J. Y. Simpson. 

Dr. J. H. Ashworth, L. Doncaster, 
Oxley Grabham, Dr. H.W.M. Tims. 
Dr. J. H. Ashworth, L. Doncaster, 

B. E. Lowe, Dr. H. W. M. Tims. 
Dr. J. H. Ashworth, L. Doncaster, 

Prof. A. Fraser, Dr. H. W. M. Tims 
C. A. Baragar, C. L. Boulenger, Dr. 

J. Pearson, Dr. H. W. M. Tims. 

Dr. J. H. Ashworth, L. Doncaster, 
T. J. Evans, Dr. H. W. M. Tims. 


* Physiology was made a separate Section, see p. Ixxxvi. 

* The title of Section D was changed to Zoology. 




Ixxviii PRESIDENTS AND SECRETARIES OF THE SECTIONS. 


Date and Place Presidents Secretaries 


ANATOMICAL AND PHTSIOLOGIOAL SCIENCES. 

COMMITTEE OF SCIENCES, T.—ANATOMT AND PHYSIOLOGY. . 

1833. Cambridge IDr. J. Haviland IDr. H. J. H. Bond, Mr. 0. B. Paget.. 

1834. Edinburgh IDr. Abercrombie |Dr. Roget, Dr, William Thomson. 

SECTION B (until 1847). — ANiTOMY AND MEDICINE. 

1835. Dublin Dr. J. C. Pritchard Dr. Harrison, Dr. Hart. 

1836. Bristol Dr. P. M. Roget, F.R.S Dr. Symonds. 

1837. Liverpool... Prof. W. Clark, M.D Dr. J. Carson, jun., James Long, 

. Dr. J. R. W. Vose. 

1838. Newcastle 'T. B. Headlam, M.D T. M. Greenhow, Dr. J. R. W. Vose. 

1839. Birmingliam Jolin Yelloly, M.D., F.R.S.... Dr. G. 0. Rees, F. Eylaiid. 

1840. Glasgow ... James Watson, M.D Dr.J. Brown, ProI.Couper, Prof. Reid. 

SECTION E . — PI/TSIOLOOT. 

IS4I. Plymouth.,, P, M, Rogetf M,D., Sec, R.S. ij. Butter, J.Fugci Dr. li,S. Sargent. 

1842. Manchester Edward Holme, M.D., F.L.S. Dr. Chaytor, Dr, H. S. Sargent. 

1843. Cork Sir James Pitcairn, M.D. ... Dr. John Popham, Dr, R. S. Sargent, 

1844. York J. C. Pritchard, M.D ,1. Erichsen, Dr. R. S. Sargent. 

1845. Cambridge Prof. J. Haviland, M.D :Dr. R. S. Sargent, Dr. Webster. 

1846. Southamp- Prof. Owen, M.D., F.R.S. ...jC. P. Keclc, Dr. Laycock, Dr. Sar- 

ton. j gent. 

1847. Oxford* ... Prof. Ogle, M.D., F.R.S T. K. Chambers, W. P. Ormerod. 

PHYSIOLOGICAL SUBSECTIONS OF SECTION D. 

1850. Edinburgh Prof. Bennett, M.D., F.R.S.E.i 

1855. Glasgow ... Prof. Allen Thomson, F.R.S. !Prof. J. H. Corbett, Dr. J. Struthcrs. 

1857. Dublin Prof. R. Harrison, M.D Dr. R. D. Lyons, Prof. Redfern. 

1858. Leeds Sir B. Brodie, Bart., F.R.S. |C. 0. Wlieclhouse. 

1859. Aberdeen... Prof. Sharpey, M.D., Scc.R.S.'Prof. Bennett, Prof. Redfern. 

1860. Oxford Prof.G.Rolleston,M.D.,F.L.S. Dr. R. McDonnell, Dr. Edward Smith. 

1861. Manchester Dr. John Davy, P.R.S ' Dr. W. Roberts, Dr. Edward Smitli. 

1862. Cambridge G. E. Paget, M.D....... IG. F. Helm, Dr. Edward Smith. 

1863. Newcastle Prof. Rolleston, M.D., F.R.S. ' Dr. D. Embleton, Dr. W. Turner. 

1864. Bath Dr. Edward Smith, F.R.S. !j. S. Bartrum, Dr. W. Turner. 

1866. Binning- Prof. Acland, M.D., LL.D., Dr. A. Fleming, Dr. P. Heslop, 

ham.* F.R.S. ; Oliver Pembleton, Dr. W. Turner. 


GEOGRAPHICAL AND ETHNOLOGICAL SCIENCES. 

[For Presidents and Secretaries for Geography previous to 1851, see Section C, 
p. Ixxi.] 

ETHNOLOGICAL SUBSECTIONS OF SECTION D. 

1846. Southampton Dr. J. C. Pritchard Dr. King. 

1847. Oxford Prof. H. H. Wilson, M.A. ... Prof. Buckley. 

1848. Swansea G. Grant Francis. 

1849. Birmingham Dr. R. G. Latham. 

1850. Edinburgh Vice-Admiral Sir A. Malcolm Daniel Wilson. 

* Sections D and E were incorporated under the title . of < Section D— Zoology 
and Botany, including Physiology * (see p. Ixxiv). Section E, being then vacant, 
was assigned in 1861 to Geography, 

* Vi^ note on page Ixxiv. 
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BEOTION E.— GXOQRiPHT AND ETHNOLOOT. 

1851. Ipswich ... Sir B. I. Murchison, F.R.S., R. Cull, Rev. J. W. Donaldson, Dr, 

Pres. R.O.S. Norton Shaw. 

1852. Belfast Col. Chesney, R.A., D.C.L., R. Cull, E. MacAdam, Dr. Norton 

F.R.S. Shaw. 

1863. Hull R. G. Latham, M.D., F.R.S. R. Cull, Rev. H. W. Kemp, Dr. 

Norton Shaw. 

1854. Liverpool... Sir R. I. Murchison, D.C.L., Richard Cull, Rev. H. Higgins, Dr. 

F.R.S. Ihne, Dr. Norton Shaw. 

1856. Glasgow ... Sir J. Richardson, M.D., Dr. W. G. Blackie, R. Cull, Dr. 

F.R.S. Norton Shaw. 

1856. Cheltenham Col. Sir H. C. Rawlinson, R. Cull, F. D. Havtland, W, H. 

K.C.B. Rumsey, Dr. Norton Shaw. 

1867. Dublin Rev. Dr. J. Kent horn Todd, R. Cull, S. Ferguson, Dr. R. B. 

Pres.R.T.A. Madden, Dr. Norton Shaw. 

1868. Leeds Sir R.I. Murchison,G.C.St.S., R. Cull, F. Gallon, P. O’Callaghan, 

F.R.S. Dr. Norton Shaw, T. Wright. 

185'.». Aberdeen... Rear - Admiral Sir James Richard Cull, Prof. Geddes, Dr. Nor 
Clerk Ross, D.C.L., F.R.S. ton Shaw. 

1860. Oxford Sir R. I. Murclus<»n, D.C.L.j.Capl. Burrows, Dr. J. Hunt, Dr. (\ 

F.R.S. Lemprii^re, Dr. Norton Shaw. 

1861. Manchester John Crawfurd, F.R.S Dr. J. Hunt, J. Kingsley, Dr. Nor- 

ton Shaw, W. Spottiswoode. 

1862. Cambridge Francis Gallon, F.R.S J.W.Clarke,Rev. J.Glover, Dr.Hunt, 

I Dr, Norton Shaw, T. Wright. 

1863. Newcastle Sir R. I. Murchison, K,C.B.,'C. (.'art er Blake, Hume Greenfield, 

F.R.S. C. R. Markham, R. S. Watson. 

1864. Bath Sir R. I. Murchison, K.C.B., H. W. Bales, C. R. Markham, Capt. 

F.R.S. R. M. Murchison, T. Wright. 

1865. Birming- Major-General Sir H. Raw- H. W. Bates, S. Evans, G. Jabet, 

ham. linson, M.P.,K.C.B., F.R.S. C. R. Markham, Thomas Wright. 

1866. Nottingham Sir Charles Nicholson, Bart., II. W. Bates, Rev. E. T. Cusins, R. 

LL.D. H. Major, Clemenis R. Markham, 

D. W. Nash, T. Wright, 

1867. Dundee ... Sir Samuel Baker, P.R.G.S. :H. W. Bates, Cyril Graham, C. R. 

Markham, S. J. Mackie, R. Sturrock. 

1868. Norwich ... Capt. Q. H. Richards, R.N., T. Baines, H. W. Bates, Clements R. 

F.R.S. Markham, T. Wright. 

SECTION E {mitinued), — geography. 

1869. Exeter Sir Bartle Frere, K.C.B.,!H. W. Bates, Clemenis R. Markham, 

LL.D., F.R.G.S. I J. H. Thomas. 

1870. Liverpool... SirB.I.Murchison,Bt.,K.C.B., H.W.Bates, David Buxton, Albert J. 

LL.D., D.C.L., F.R.S., F.G.8. Mott, Clements R. Markham. 

1871. Edinburgh Colonel Tule, C.B., F.R.G.8. A. Buchan, A. Keith Johnston, Cle- 

ments R. Markham, J. H. Thomas. 

1872. Brighton ... Francis Gallon, F.R.S H. W. Bates, A. Keith Johnston, 

Rev. J. Newton, J. H. Thomas. 

1873. Bradford... Sir Rutherford Alcock,K.G.B. H. W. Bates, A. Keith Johnston, 

Clements R. Markham. 

1874. Belfast Major Wilson, R.E., F.R.S., E. G. Ravenstein, E. C. Rye, J. H. 

P.B.G.S. Thomas. ^ 

1876. Bristol Lieut. - General Strachey, H, W. Bates, E. C. Rye, F. F. 

O.S.L, R.B., F.R.S., F.R.G.S. Tackett. 

1876. Glasgow ... Capt. Evans, O.B., P.E.S H. W. Bates, E. G. Rye, R. 0. Wood. 

1877. Plymouth... Adm. SirE. Qmmanney, C.B. H. W. Bates, F. E. Fox, E. C. Rye. 
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1878. Dublin Prof. Sir C. Wyvillc Thom- John Coles, E. C. Rye. 

son,LL.D.,F.R.S.,F.l{.S.E. 

1879. Sheffield ... Clements R. Markham, G.H., IT. W. Rates, C. E. D. Rlack, K. 0. 

F. R.S., Sec. R.G.S. Rye. 

1880. Swansea ... Lieut.-Gen. Sir J. H. Lefroy, U. W. Rates, E. C. Rye. 

C.B., K.C.M.6.,R.A.,F.R.S. 

1881. York Sir J. I). Hooker, K.C.S.I., J. W. Rarry, H. W. Rales. 

C.R., F.R.S. 

1882. Southamp- Sir R. Temple, Bart., 6.C.S.I., i E. G. Ravenstein, E. C. Rye. 

ton. F.R.G.S. I 

1883. Southport... Licut.-Col. H. H. Godwin- 'John Coles, B. G. Ravenstein, E. C. 

Austen, F.R.S. Rye. 

1884. Montreal... Gen. Sir J. H. Lefroy, C.B., Rev.Abb4Laflamme,J.S.O’Halloran, 

K.C.M.G.,F.R.S.,V.P.R.G.S. E. G. Ravenstein, J. F. Torrance. 

1885. Aberdeen... Gen. J. T. Walker, C.R., R.E., J. S. Keltic, J. S. O’Halloran, E. G. 

LL.D., F.R.S. Ravenstein, Rev. G. A. Smith. 

1886. Binning- Maj.-Gen. Sir: F, J. Goldsmid, F. T. S. Houghton, J. S. Eeltie, 

ham. . K.C.S.I., C.B., F.R.G.8. E. G. Ravenstein. 

1887. Manchester Col. Sir C. Warren, B.B., Rev. L. 0. Casartelli, J. S. Keltic, 

G. C.M.G., P.R.S., F.R.G.S. H. J. Mackinder, E. G. Ravenstein. 

1888. Bath Col. Sir 0. W. Wilson, R.B., J. S. Keltic, H. J. Mackinder, E. G. 

K.C.B., F.R.S., F.R.G.S. Ravenstein. 

1889. Newcastle- Col. Sir F. de Winton, J. S. Keltic, H. J. Mackinder, R. 

• upon-Tyne K.C.M.G., C.B., F.R.G.S. Sulivan, A. Silva White. 

1890. Leeds Lieut.-Col. Sir R. Lambert A. Barker, John Coles, J. S. Kcltie, 

Playfair, K.C.M.G., F.R.G.S. A. Silva White. 

1891. Cardiff E. G. Ravenstein, F.R.G.S., John Coles, J. S. Keltic, H. J. Mac- 

F.S.S. kinder, A. Silva White, Dr. Yeats. 

1892. Edinburgh Prof. J. Geikie, D.C.L., F.R.S., J. G. Bartholomew, John Coles, J. S. 

V.P.R.Scot.G.S. Kcltie, A. Silva White. 

1893. Nottingham H. Seebohm, Sec. R.G.S., Col. F. Bailey, John Coles, H. 0. 

F.L.S., F.Z.S. , Forbes, Dr. H. R. Mill. 

1894. Oxford I Cfipt. W. J. L. Wharton, R.N., John Coles, W. S. Dalgleish, II. N. 

/ F.Ii.S, Dickson, Dr. H. R. Mill. 

1899. Ipswich ...IH. J. Mackinder, M.A., John Coles, IT. N. Dickson, Dr. 11. 
F.R.G.S. B. Mill, W. A. Taylor. 

1896. Liverpool...! Major li. Darwin, Sec. R.G.S. Col. F. Bailey, H. N. Dickson, Dr. 

H. R. Mill, E. C. DuR. Phillips. 

1897. Toronto ... J. Scott Keltic, LL.D iCol. P. Bailey, Capt. Deville, Dr. 

i H. R. Mill, J. B. Tyrrell. 

1898. Bristol Col. G. Earl Church, F.R.G.S. H. N. Dickson, Dr. H. R. Mill, H. C. 

{ Trapncll. 

1899. Dover Sir John Murray, F.E.S H. N. Dickson, Dr. H. 0. Forbes, 

Dr. H. R. Mill. 

1900. Bradford... Sir George S. Robertson, H. N. Dickson, B. Heawood, B. R. 

K.C.S.I. Wethey. 

1901. Glasgow ... Dr. H. R. Mill, F.R.G.S. ...... ,H. N. Dickson, B. Heawood, G. 

Sandeman. A. 0. Turner. 

1902. Belfast Sir T. H. Holdich, K.C.B. ... G. G. Chisholm, B. Heawood, Dr. 

A. J. Herbertson, Dr. J. A. Lindsay. 

1903. Southport... Capt. B. W. Creak, R.N., C.B., B. Heawood, Dr. A. J. Herbertson, 

F,R.S. B. A. Reeves, Capt. J. C. Under- 

wood. 

1904. Cambridge Douglas W. Freshfield. B. Heawood, Dr. A. J. Herbertson, 

H. Y. Oldham, B. A. Reeves. 

1905. SouthAfrica Adm. Sir W. J. L. Wharton, A. B[. Comish-Bowden, F. Flowers, 

R.N., K.C.B., F.R.S. Dr. A. J. Herbertson, H. Y. Old- 

ham. 

1906. York Rt. Hon. Sir George Goldie, B. Heawood, Dr. A. J. Herbertson, 

K.O.M.G., F.R.S. E. A. Reeves, G. Yeld. 
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1907. Leicester ... 

George G. Chisholm, M.A. ... 

E. Heawood, 0. J. R. ^fowarth, 
E. A. Reeves, T. Walker. 

1908. Dublin 

Major E. H. Hills, C.M.G., 
R.E. 

W. F. Bailey, W. J. Barton, 0. J. R. 
Howarth, E. A. Reeves. 

1909. Winnipeg... 

j 

Col. SirD. Johnston, K.O.M.G., 
C.B., R.E. 

G. G. Chisholm, J. McFarlane, A. 
McIntyre. 

1910. Shcilield ...; 

i 

Prof. A. J. Herbertson, M A., 
Ph.D. 

Rev. W. J. Barton, Dr. U. Brown, 
J. McFarlane, E. A. Reeves. 


STATISTICAL SCIENCE. 

COMMITTEE OP SCIENCES, VI. — STATISTICS. 

1853. Cambridge I Prof. Babbage, F.R.S iJ. E. Drinkwater. 

1834. Edinburgh I Sir Charles Lemon, Bart | Dr. Cleland, C. Hope Maclean. 

SECTION P.— STATISTICS. 

1835. Dublin Charles Babbage, F.R.S. W. Greg, Prof. Longfield. 

1836. Bristol Sir Ohos; Lemon, Bart., F.R.S. Rev. J. E. BrombyM,0. B. Fripp, 

James Heywood. 

1837. Liverpool... Rt. Hon. Lord Sandon W. B. Greg, W. Langton, Dr. W. C. 

Tayler. 

1838. Newcastle Colonel Sykes, F.R.S W. Cargill, J. Heywood, W.R. Wood 

1839. Birming- Henry Hallam, F.R.S F. Clarke, R. W. Rawson, Dr. W. C. 

*ham. Tayler. 

1840. Glasgow ... Lord Sandon, M.P., F.R.S. C. R. Baird, Prof. Ramsay, R. W. 

Rawson. 

1841. Plymouth... Lieut.-Col. Sykes, F.R.S Rev. Dr. Byrth, Rev. R. Luney, R. 

W. Rawson. 

1842. Manchester G. W. Wood, M.P., F.L.S. ... Rev. R. Luney, G. W. Ormerod, Dr. 

W. Cooke Tayler. 

1843. Cork Sir 0. Lemon, Bart., M.P. ... Dr. D. Bullen, Dr. W. Cooke Tayler. 

1844. York Lieut. -Col. Sykes, F.R.S., J. Fletcher, J. Heywood, Dr. Lay- 

F.L.S. cock. 

1 845. Cambridge Rt. Hon. the Earl Fitzwilliam J. Fletcher, Dr. W. Cooke Tayler. 

1840. Southamp- G. R. Porter, F.R.S J. Fletcher, F. G. P. Neison, Dj. W. 

ton. C. Tayler, Rev. T. L. Shapeott. 

1 847. Oxford Travers Twiss, D.C.L., F.R.S. Rev. W. H. Cox, J. J. Danson, F. G. 

P. Neison. 

1848. Swansea ... J. H. Vivian, M.P., F.R.S. ... J. Fletcher, Capi. R. Shortrede. 

1849. Birming- Rt. Hon. Lord Lyttelton. Dr. Finch, Prof. Hancock, F. P. G. 

ham. Neison. 

1850. Edinburgh Very Rev. Dr. John Lee, Prof. Hancock, J. Fletcher, Dr. J. 

V.P.R.S.B. Stark. 

1851. Ipswich ... Sir John P. Boileau, Bart. ... J. Fletcher, Prof. Hancock. 

1852. Belfast His Grace the Archbishop of Prof. Hancock, Prof. Ingram, James 

Dublin. MacAdam, jun. 

1863. Hull James Heywood, M.P.,F.R.S. Edward Cheshire, W. Newmarch. 

1854. Liverpool... Thomas Tooke, F.R.S B. Cheshire, J. T. Danson, Dr. W. H. 

Duncan, W. Newmarch. 

1856. Glasgow ... R. Monckton Milnes, M.P. ... J. A. Campbell, E. Cheshire, W. New- 
march, Prof. R. H. Walsh. 


SECTION F (cowfmweil).— ECONOMIC SCIENCE AND STATISTICS. 


1866. Cheltenham 

1867. Dublin 

1868. Leeds 

1910 . 


Rt. Hon. Lord Stanley, M.P. Rev. C. H. Bromby, B. Cheshire, Dr. 

W. N. Hancock, W. Newmarch, W. 
M. Tartt. 

His Grace the Archbishop of Prof. Cairns, Dr. H. D. Hutton, W. 
Dublin, M.R.I.A. Newmarch. 

Edward Baines T. B. Baines, Prof. Cairns, S. Brown, 

Capt. Fishbourne, Dr. J. Strang. 
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1869, Aberdeen... Col. Sykes, M.P., F.R.S Prof. Cairns, Edmund Macrory, A. M. 

Smith, Dr. John Strang. 

1860. Oxford Nassau W. Senior, M. A Edmund Macrory, W. Newmarch, 

Prof. J. B. T. Rogers. 

1861. Manchester William Newmarch, F,R.S.... DavidChadwick,Prof.R.C. Christie, 

B. Macrory, Prof. J. B. T. Rogers. 

1862. Cambridge Edwin Chadwick, C.B H. D. Madeod, Edmund Macrory. 

1863. Newcastle William Tite^ M.P., F.R.S. ... T. Doubleday, Edmund Macrory, 

Frederick Purdy, James Potts. 

W. Farr, M.D., D.O.L., F.R.S. B, Macrory, E. T. Payne, F. Purdy. 
Rt. Hon. Lord Stanley, LL.D., G. J. D. Goodman, G. J. Johnston, 
M.P. B. Macrory, 

Prof. J. E. T. Rogers R. Birkin, jun., Prof. Leone Levi, £. 

Macrory. 

1867. Dundee M. E. Grant-Duff, M.P Prof. Leone Levi, B. Macrory, A. J. 

Warden. 

1868. Norwich.... Samuel Brown Rev, W. C. Davie, Prof. Leone Levi. 

1869. Exeter Rt.Hon. Sir Stafford H. North- B. Macrory, F. Purdy, C. T. D. 

cote, Bart., C.B., M.P. Acland. 

1870. Liverpool... Prof. W. Stanley Jevons, M.A. Chas. R. Dudley Baxter, B. Macrory, 

J. Miles Moss. 

1871. Edinburgh Rt. Hon. Lord Neaves J. G, Fitch, James Mcikle. 

1872 Brighton ... Prof. Henry Fawcett, M.P. ... J. G. Fitch, Barclay Phillipsn 
187.3. Bradford ...| Rt. Hon. W. E. Forster, M.P. J. G. Fitch, Swire Smith. 

1874. Belfast Lord O’Hagan .... Prof. Donnell, F. P. Fellows, Hans 

I I MacMordie. 

1875. Bristol .Tames Heywood, M.A.,F.R.S., F. P. Fellows,!. G. P. Hallett, E. 

I Pres, S.S. 3facrory. 

Glasgow ... I Sir George Campbell, K,C.S.L, A. M‘Neel Caird, T. G. P. Hallett, Dr. 

M.P. W.Neilson Hancock, Dr. W. Jack. 

1877. Plymouth... iRt. Hon. the Earl Fortcscue W. F. Collier, P. Hallett, J. T. Pirn. 

1878. Dublin Prof. J. K. Ingram, LL.D. ... W. J. Hancock, C. Molloy, J. T. Pim. 

1879. Sheffield ... " ‘ ’ ‘ --- - _ . _ _ 

1880. Swansea ... 

1881. York 

1882. Soutbamp- 

ton. 

1883. Southport 

1884. Montreal ... 

1886. Aberdeen... 

1886. Birming- 

ham. 

1887. Manchester 

[ J. E. C. Munro, G. H. Sargant. 

1888. Bath lit. Hon. Lord Bramwell, Prof. P. Y. Edgeworth, T. H. Elliott 

LL.D., F.R.S. H. S. Foxwell, L. L. P. R. Price. ' 

1889. Newcastle- Prof. F. Y. Edgeworth, M.A., Rev. Dr. Cunningham, T. H. Elliott, 

upon-Tync F.S.S, F. B. Jevons, L. L. F. R. Price. 

1890. Leeds Prof. A. Marshall, M.A., F.S.S. W. A. Brigg, Rev, Dr, Cunningham, 

T. H, Elliott, Prof. J. B. C. Munro, 

L. L. F. R. Price. 

1891 Cardiff. .. Prof. W. Cunningham, D.D., Prof. J. Brougb, B. Cannan, Prof. 

D.Sc., F S.S. B. C. K. Gonner, H. LI. Smith. 

Prof,W.R.Sorley. 


G. Shaw Lctevre, M.P., Pres. 
S.S. 

G. W. Hastings, M.P 

Rt. Hon. M. B. Grant-Duff, 
M.A., F.R.S. 

Rt. Hon. G. Sclater-Booth, 
M.P., F.R.S. 

ll. H. Inglis Palgrave, F.R.S. 

Sir Richard Temple, Bart., 
G.C.S.I., C.I.B., P.R.G.S. 
Prof. H. Sidgwick, LL.D., 
Litt.D. 

J. B. Martin. M.A., F.S.S. ... 
I Robert aiffen, LL.D.,V.P.S.S. 


Lxui.. A. jQj. ueauer, i;. 

Molloy. 

N. A. Humphreys, 0. Molloy, 

C. Molloy, W. W. Morrell. J. F. 
Moss. 

G. Baden-Powell, Prof. H. S. Fox- 
well, A. Milnes, 0. Molloy. 

Rev. W. Cunningham, Prof. H. S. 

Foxwell, J. N. Keynes, 0. Molloy. 
Prof. H. S. Foxwell, J. S. McLennan. 
Prof. J. Watson. 

Rev. W. Cunningham, Prof. 11. S. 

Foxwell, C. McCombie, J. F. Moss. 
F. F. Barham, Rev. W. Cunningham, 
Prof. H. S. Foxwell, J. F. Moss. 
Rev. W. Cunningham, F. Y. Bilge- 
worth, T. H. Elliott, C. Hughes. 


1864. Bath 

1866. Binning, 
ham. 

1866. Nottingham I 
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1892. Edinburgh Hon. Sir C. W. Fremantle, Prof. J. Brough, J. R. Findtay, Prof. 

; K.C.B. E. C. K. Gonncr, H. Higgs. 

L. L. F. R. Price. 

1893. Nottingham ’ Prof. J. S. Nicholson, D.Sc., Prof. E C. K. Conner, H. de B. 

F.S.S. Gibbins, J. A. II. Green, H, Higgs, 

L. L. F. R. Price. 

1894. Oxford Prof. C. F. Bastable, M.A., E. Cannan, Prof. B. C. K. Gonner, 

F.S.S. W. A. S. Hewins, II. Higgs. 

1895. Ipswich ... L. L. Price, M.A E. Gnnnan, Prof. E. 0. K. Gonncr, 

H. Higgs. 

1896. Liverpool... Rt. Hon. L. Courtney, M.P.... E. Cannan, Prof. "E. C. K. Gonner, 

W. A. S. Hewins, H. Higgs. 

1897. Toronto ... Prof. E. C. K. Gcnner, M.A. E. Cannan, H. Higgs, Prof. A. Shortt. 

1898. Bristol J. Bonar, M.A., LL.D... E. Cannan, Prof. A. W. Flux, H. 

Higgs, W. E. Tanner. 

1899. Dover H. Higgs, LL.B A. L. Bowley, B. Cannan, Prof. A. 

W. Flux, Rev. G. Sarson. 

1900. Bradford ... Major P. G. Craigie, V.P.S.S. A. L. Bowley, E. Cannan, S. J. 

Cluipman, F. Hooper. 

1901. Glasgow ... Sir R. Gilfen, K.C.B., F.R.S. W. W. Blackie, A. L. Bowley, E. 

Cannan, S. J. Chapman. 

1902. Belfast ... E. Cannan, M.A., LLD A. L. Bowley, Prof. S. J. Chapman, 

Dr. A. Duliin. 

1903. Southport E. W. Brabrook, C.B A. L. Bowley, Prof. S. J. Chapman, 

Dr. B. W. Ginsburg, G. Lloyd. 

1904. Cambridge Prof. Wm. Smart, LL.D J. E. Bid well, A. L. Bowley, Prof. 

S. J. Chapman; Dr. B. W. Ginsburg. 

1905. South Africa Rev. W. Cunningham, D.D., R. A Ababrelton, A. L. Bowley, Prof. 

D.Sc. H. E.S. Fremantle, H. 0. Meredith. 

1906. York A. L. Bowley, M.A J*rof. S. J. Chapman, D. H. Mac- 

gregor, H. O. Meredith, B. S. 
Ruwntree. 

1907. Leicester... Prof. W. J. Ashley, M.A Prof. S.J. Chapman, D.H.Macgregor, 

H. 0. Meredith, T. S. Taylor. 

1908. Dublin W. M. Acworth, M.A W. G. S. Adams, Prof. S. J. Chap- 

man, Prof. D. H. Maegregor, II. 0. 

’ Meredith. 

Suhseotioti of Agriculture— A. D. Hall, Prof. J. Percival, J. H. 
Rt. Hon. Sir H'. Plunkett. Priestley, Prof. J. Wilson. 

1909. Winnipeg... Prof. S. J. Chapman, M.A. ... Prof. A. B. Clark, Dr. W. A. Mana- 

han, Dr. W. R. Scott. 

1910. Sheffield ... r H. Llewellyn Smith, C. R. Fay, H. 0. Meredith, Dr. W. R. 

SiK.C.B., M.A. I Scott, R. Wilson. 

SECTION G.— MECHANICAL SCIENCE. 

1836. Bristol DaviesGilber1,D.C.L., F.R.S.'T. G. Bunt, G. T. Clark, W. West. 

1837. Liverpool... Rev. Dr. Robinson Charles Vignoles, Thomas Webster. 

1838. Newcastle Charles Babbage, F.R.S ’R. Hawthorn, C. Vignoles, T. Webster. 

18.39. Birming. Prof. Willis, F.R.S., and Robt.. W. Carpmacl, William Hawkes, T. 

ham. Stephenson. Webster. 

1810. Glasgow,... Sir .Tohn Robinson J, Scott Russell, J. Thomson, J. Tod, 

I C. Vignoles. 

1841. Plymouth... John Taylor, F.R.S ! Henry Chatfield, Thomas Webster. 

1842. Manchester Rev. Prof. Willis, F.R.S ' J. F. Bateman, J. Scott Russell, J. 

I Thomson, Charles Vignoles. 

1843. Cork Prof.J. Macnelll, M.R.I. A....' James Thomson, Robert Mallet. 

1844. York John Taylor, P.R.S j Charles Vignoles, Thomas Webster. 

C8,mbridge George Rennie, P.R.S Rev. W. T. Kingsley. 

1846. Southamp- Rev. Prof. Willis, M.A., P.R.S. William Betts, jun., Charles Manby. 
ton. t 

e 2 
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184J. Oxlord Rev.Prof.Walker,M.A.,F.B.8jj. Glynn. R.A. LeMesurior. 

1848. Swansea ... Rev. Prof. Walker, M.A.,F.R.S. i R. A. Le Mesiiricr, W. P. Struv6. 
1841). Birmingham Robt. Stephenson, M.P.,F.R.S. (’harles Manby, W. P. Marshall. 

1860. Edinburgh Rev. R. Robinson -Dr. Lees, David Slephen.son. 

1851. Ipswich ... William Ciibitt,F.R.S John Head, Charles Manby. 

1852. Belfast John Walker, C.E., LL.D., John F. Bateman, C. B. Hancock. 

F.R.S. Charles Manby, James Tliomson. 

1853. Hull William Fairbaim, F.R.S. ... J. Oldham, J. Thomson, W. S. Ward. 

1854. Liverpool,.. John Scott Russell, F.R.S. ... J. Qrantham, J. Oldham, J. Thorn* 

son. 

1856. Glasgow ... W. J. M. Rankine, F.R.S. ... L. Hill, W. Ramsay, J. Thomson. 

1866. Cheltenham George Rennie, F.R.S C. Atherton, B. Jones, H. M. Jeffery. 

1867. Dublin Rt. Hon. the Earl of Rosse, Prof. Downing, W.T.Doyne, A. Tate, 

F.R.S. James Thomson, Henry Wright. 

1858. Leeds William Fairbairn, F.R.S. ... J. C. Dennis, J. Dixon, H. Wright. 

1869. Aberdeen... Rev. Prof. Willis, M. A., F.R.S. R. Abernethy, P. LeNeve Foster, II. 

Wright. 

1860. Oxford Prof.W.J.Macquom Rankine, P. Le Neve Poster, Rev. F. Harrison, 

LL.D., F.R.8. Henry Wright. 

1861. Manchester J, F. Bateman, C.E., F.R.S.... P. Le Neve Foster, John Robinson, 

H. Wright. 

1862. Cambridge William Fairbairn, F.R.S. ... W. M. Fawcett, P. Le Neve Foster. 

1863. Newcastle Rev. Prof. Willis, M. A., F.R.S. P. Lo Neve Foster, P. Westmacott, 

J. F. Spencer 

1864. Bath J. Hawkshaw, F.B.S P. Le Neve Foster, Robert Pitt. 

1865. Birming- Sir W. G. Armstrong, LL.D., P. Le Neve Foster, Henry Lea, 

ham. ' F.B.S. W. P. Marshall, Walter May. 

IS66. Nottingham Thomas Hawkslcy, Y.P. Inst. P. Le Neve Foster, J. F. Iselin, 
C.B., F.G.S. M. 0. Tarbotton. 

1867. Dundee Prof.W.J.Macquom Rankine, P. Le Neve Foster, John P. Smith, 

LL.D., F.R.S. W. W. Urquhart. 

1868. 'Norwich ... jG. P. Bidder, C.E., F.B.G.S. P. Le Neve Foster, J. F. Iselin, 

I 0. Manby, W. Smitli. 

Exeter 0. W. Siemens, F.B.S P. Le Neve Foster, H. Bauerman. 

Liverpool,. Cha3.B VjgnoIes,C.E.,F.B.8, H. Bauerman, P. Le Neve Foster, 

! T. King, J. N. Shoolbred. 

1871. Edinburgh j Prof. FleemingJenkin, F.R.S. H. Bauerman, A. LesHeT J. P. Smith. 

1872. Brighton ...',F. J, Bramwell, C.E. H. M. Branel, P. Le Neve Foster, 

\ j J. G. Gamble, J. N. Shoolbred. 

1873. Bradford ... W. H. Barlow, F.R.S lC.Barlow,H.Baucrman.E.II.CarbuU, 

I J. C. Hawkshaw, J. N. Shoolbred. 

1 874. Belfast Prof. James Thomson, LL.D., * A. T. Atchison, J. N. Shoolbred, John 

C.E., F.R.S.B. I Smyth, jun. 

1875. Bristol W. Froude, C.E., M.A., F.R.S. W. R. Browne, H. M. Brunei, J. G. 

Gamble, J. N. Shoolbred. 

1876. Glasgow ... C. W. Merrifield, P.R.S W. Bottomloy, jun., W. J. Millar, 

J. N. Shoolbred, J. P. Smith. 

1877. Plymouth... Edward Woods, C.E A. T. Atchison, Dr. Merrifiold, J. N. 

Shoolbred. 

1878. Dublin Edward Easton, C.E A. T. Atchison, R. G. Symes, H. T. 

Wood. 

1879. Sheffield ... J. Robinson, Pres. Inst. Mech. A. T. Atchison, Emerson Bainbridge, 

Eng. H. T. Wood. 

1880. Swansea ... J. Abernethy, F.R.S.E A. T. Atchison, H. T. Wood. 

1881. York Sir W. G. Armstrong, C.B., A. T. Atchison, J. F. Stephenson, 

LL.D.. D.O.L., F.R.S. H. T. Wood. 

1882. Southamp- John Fowler, C.B., F.G.S. ... A. T. Atchison, F. Churton, H. T. 

ton. Wood. 

1883. Southport... J. Brunlees, PresJnst.C.E. ... A. T. Atchison, E. Rigg,H. T. Wood. 
t884. Montreal... Sir F. J. Bramwell, F.B.S., A. T. Atchison, W. B. Dawson, J. 

V.P.Inst.0.E. Kennedy, H. T. Wood. 
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1885. Aberdeen... i B. Baker, M.Inst.C.B A. T. Atchison, F. G. Ogilvie, E, 

Rigg, J. N. Shoolbred. 

1886. Binning- ;Sir J. N. Douglass, M.Inst. C. W. Cooke, J. Kenward, W. B. 

ham. i O.E. Marshall, E. Rigg. 

1887. Manchester Prof. Osborne Reynolds, M. A., C. F. Budenberg, W. B. Marshall, 

LL.D., F.R.S. B. Rigg. 

1888. Bath W. H. Preece, F.R.S., C. W. Cooke, W. B. Marshall, E. 

M.Inst.C.B. Rigg, P. K. Stothert. 

1889. Newcastle- VV. Anderson, M.Inst.C.B. ... C. W. Cooke, W. B. Marshall, Hon. 

upon-Tyne. C. A. Parsons, B. Rigg. 

1890. Leeds Capt. A. Noble, C.B., F.R.S., E. K. Clark, C. W. Cooke, W. B. 

F.R.A.S. Marshal], E. Rigg. 

1891. Cardiff T. Forster Brown, M.Inst.C.E. 0. W. Cooke, Prof. A. C. Elliott, 

W. B. Marshall, E. Rigg. 

1895S. Bdlnborgh Prof. W. C. Unwin, F.R.S., 0. W. Cooke, W. B. Marshallj W. U. 
M.Inst. C.E. Popplewell, E. Rigg. 

1893. Nottingham Jeremiah Head, M.Inst C.E., C. W. Cooke, W. B. Marshall, E. 

F.C.S. Rigg, H. Talbot. 

1894. Oxford Prof. A. B. W. Kennedy, Prof. T. Hudson Beare, C. W. Cooke, 

F.R.S., M.Inst.C.B. W. B. Marshall, Rev. F. J. Smith. 

1895. Ipswich ... Prof. L. F. Vemon-Harcourt, Prof. T. Hudson Beare, C. W. Cooke. 

M.A., M.Inst.C.E. W^B. Marshall, P. G. M. Stoney, 

1896. Liverpool... Sir Douglas Fox, V.P.Inst.C.E. Prof. T. Hudson Beare, C. W. Cooke, 

S. Dunkerley, W. B. Marshall. 

1897. Toronto ... G. F. Deacon, M.InstC.E. ... Prof. T. Hudson Beare, Prof . Callen- 

♦ dar, W. A. Price. 

1898. Bristol Sir J. Wolfe-Barry, K.C.B., Prof. T. H. Beare, Prof. J. Munro, 

F. R.S. H. W. Pearson, W. A. Price. 

1899. Dover »Sw W. White, E.C.B., F.R.S. Prof. T. II. Beare, W. A. Price, II. 

E. Stilgoe. 

1900. Bradford ' Sir Alex. R. Binnie, M.Inst. Prof. T. H. Beare, 0. F. Charnock, 

C.E. Prof. S. Dunkerley, W. A. Price. 

SECTION G.— ENGINEERING. 

J901. Glasgow ... R. E. Crompton, M.InstC.E. H.Bamford,W.E. Dalby,W.A.Price. 

1902. Belfast ... | Prof. J. Perry, F.R.S M. Barr, W. A. Price, j. Wylie. 

1903. Southport .C. Hawksley, M.Inst.C.E. ... Prof. W. E. Dalby, W. T. Maccall, 

1 i W. A. Price. 

1901. Cambridge Hon. C. A. Parsons, F.R.S. ... J. B. Peace, W. T. Maccall, W. A. 

I ■' Price. 

1905. SouthAfrica Col. Sir C. Scott.Moncricff,,W. T. Maccall, W.B. Marshall, Prof. 

G. C.S.I., K.G.M.O., R.B. H. Payne, E. Williams. 

1906. York J. A. Ewing, F.R.S ! W. T. Maccall, W. A. Price, J. Triffit 

1907. Leicester... Prof. Silvanus P. Thompson, Prof. E. G. Coker, A. C. Harris, 

F.R.S. W. A. Price, H. E. Wimperis. 

1908. Dublin Dugald Clerk, F.R.S Prof. B. G. Coker, Dr. W. E. Lilly, 

W. A. Price, H. B. Wimperis. 

1909. Winnipeg... Sir W. H. WTiite, K.C.B., E.E.Brydoce-Jack, Prof. E.G. Coker, 

F.R S. Prof. E. W. Marchant, W. A. Price. 

1910. Sheffield .. Prof. W. E. Dalby, M.A., F. Boulden, Prof. E. G. Coker, 

M.Inst.C.E. { A. A. Rowse, H. E. Wimperis. 

SECTION H.— ANTHROPOLOGY. 

1884. Montreal... E. B. Tylor, D.C.L., F.R.8. ... G. W. Bloxam, W. Hurst. 

1885. Aberdeen... Francis Galton, M.A., F.R.S. G. W. Bioxam, Dr. J. G. Garson, W. 

Hurst, Dr. A. Maegregor. 

1886. Binning- Sir G. Campbell, K.C.S.I., G. W. Bioxam, Dr. J. G. Garson, W. 

ham. M.P., P.C.L., F.B.G.S. Hunt, Dr. B. Saundby. 

* The title of Section Q was changed to Engineering. 
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1887. Manchester Prof. A. H. Sayce, M.A G. W. Blozam, Dr. J. G. Garson, Dr. 

A. M. Paterson 

1888. Bath Lieut.>General Pitt-Bivers, G. W. Bloxam, Dr. J. G. Garson, 

D.C.L., P.R.S. J. Harris Stone. 

1889. Newcastle- Prof. Sir W. Turner, M.B., G. W. Bloxam, Dr. J. G. Garson, Dr. 

upon-Tyne LIj.D., F.B.S. R. Morison, Dr. R. llowden. 

1890. Leeds Dr. J. Evans, Treas. R.S., G. W. Bloxam, Dr. C. M. Chadwick, 

F.S.A., F.L.S., F.O.S. Dr. J. G. Garson. 

1891. Cardiff Prof. F. Max Mdller, M.A. ... G. W. Bloxam, Prof. R. llowden, H. 

Ling Roth, E. Seward. 

1892. Etlin burgh Prof. A. Macalister, M. A., G. W. Bloxam, Dr. D. Hepburn, Prof . 

M.D., F.R.S. R. Howden, H. Ling Roth. 

1893. Nottingham Dr. R. Munro, M.A., F.R.S.E. G. W. Bloxam, Rev. T. W. Davies, 

Prof. R. Howden, F. B. Jevons, 
J. L. Myi IS. 

Oxford 'Sir W. H. Flower, K.C.B, H. Bat four, Dr. J. G. Garson, H. Ling 

F.R.S. Rnh. 

1895. Ipswich ... ’Prof. W. M. Flinders Petrie, J. L. Myres, Rev. J. J. Raven, H. 

/ />.C.L. i Ling itoth. 

1806, Liverpool... 'Arthur J. Evans, F.S.A. ....../Prof. A. C. Haddon, J. L. Myres, 

Prof. A. M. Paterson. 

1897. Toronto ... Sir W. Turticr, F.R.S A. F. Chamberlain, H. 0. Forbes, 

Prof. A. C. Haddon, J. L. Myres. 

1898. Brisitol K. W. Brabrook, O.B H. Balfour, J. L. Myres, G. Parker. 

1899. Dover 0. 11. Read, F.S.A IH. Balfour, W. II. East, Prof. A. C. 

Haddon, J. L. Myres. 

1900. Bradford ... Prof. John Rhys, M.A Rev. E. Armitage, H. Balfour, W. 

Crooke, J. L. Myres. 

1901. Glasgow ... Prof. D. J. Cunningham, \V. Crooke, Prof. A. F, Dixon, J. F. 

F.R.S. Gemmill, J. L. Myres. 

1902. Belfast ... Dr. A. C. Haddon, F.R.S. ... R. Campbell, Prof. A. F. Dixon, 

J. L. Myres. 

1903. Southport... Prof. J. Symington, F.R.S. ... E. N. Fallaize, H. S. Kingsford, 

E. M. Littler, J. L. Myres. 

190-4. Cambridge H. Balfour, M.A VV. L. H. Duckworth, E. N. Fallaize, 

H. S. Kingsford, J. L. Myres. 

1905. SouthAfrica Dr, A. C. Haddon, F.R.S. ... A, R. Brown, A. von Dessauer, E. S. 

Hartland. 

1901). York E. Sidney Hartland, F.S.A... . Dr. G. A. Auden, E. N. Fallaize, H. S. 

Kingsford, Dr. F. C. Shrubsall. 

1907. Leicester... D. G. Hogarth, M.A G. J. Billson, B. N. Fallaize, 11. S. 

Kingsford, Dr. If. 0. Shrubsall. 

1908. Dublin Prof. W. Ridgeway, M..\. ... E. N. Fallaize, H. S. Kingsford, Dr. 

P. C. Shrubsall. L. E. Steele. 

1909. Winnipeg... Prof. J. L. Myres, M.A H. 8. Kingsford, Prof. C. J. Patten, 

Dr. F. C Shrubsall. 

1910. Sheffield ... W. Crooke, B.A E. N. Fallaize, H. 8. Kingsford, Prof. 

C. J. Patten, Dr. F. C. Shrubsall 

SECTION I.— PHYSIOLOGY (including Experimental 
Pathology and Experimental Psychology). 

1894. Oxford Prof. B. A. Schiifer, F.R.S., Prof. F. Gotch, Dr. J. S. Haldane, 

M.R.O.S. M. S. Pembrey. 

1890. Liverpool... Dr. W. H. Gaskell, B\R.S. ... Prof. R. Boyce, Prof. C.S. Sherrington. 
1897. Toronto ... Prof. Michael Foster, F.R.S. Prof. R. Boyce, Prof . C. S. Sherring- 
ton, Dr. L. E. Shore. 

1899. Dover J. N. Langley, F.R.S Dr. Howden, Dr. L. B. Shore, Dr. E. 

H. Starling. 
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1901. Glasgow ... 

1902. Belfast ... 
1004. Cambridge 
1905. South Africa 


1006. York 

1907. Leicester... 

1908. Dublin 

1900. Winnipeg... 
1010. Sheffield ... 


SECTION K.-.BOTANY. 

1895. Ipswich ... W. T. Thiselton-Dyer, F.R.S. A. C. Seward, Prof. F. E. Weiss. 

1896. Liverpool... Dr. D. II. Scott, F.R.S Prof. Hjirvey Gibson, A. C. Seward, 

Prof. F. K. Weiss. 

1897. Toronto ... Prof. Marshall Ward, F.R.S. Prof. J. 15. Farmer, E. C. Jeffrey, 

' A. C. Seward, Prof. F. E. Weiss. 

1898. Bristol Prof. F. 0. Bower, F.R.S. ... A. C, Seward, 11. Wager, J. W. White. 

1809. Dover Sir George King, F.R.S G. Dowker, A. C. Seward, H. Wager. 

1000. Bradford ... Prof. S. H. Vines, F.R.S A. C. Seward, 11. Wager, W. West. 

1001. Glasgow ... Prof. I. B. Balfour, F.R.S. ... 'D.T. G wyiinc- Vaughan, (1. F. Scott- 

Elliot, A. C. Seward, H. W'ager. 

1902. Belfast ... Prof. J. R. Green, F.RS A. G. Tansley, Rev. C. H. Waddell, 

I II. Wager, R. II. Vapp. 

.H. Ball, A. G. Tan.sley, H. Wager, 

I R. H.Yapp. 

JDr. F. F. Blackman, A. G. Tansley, 
j H. Wager, T. B. Wood, R. II. Yapp. 

R. P. Gregory, Dr. Marloth, Prof. 

Pearson, Prof. R. H. Yapp. 

Dr. A. Burtt, R. P. Gregory, Prof. 

A. G. Tansley, Prof. R. H. Yapp. 
W. Bell, R. P. Gregory, Prof. A. G. 

Tansley, Prof. R. H. Yapp. 

Prof. H. n. Dixon, B. P. Gregory, 
A. G. Tansley, Prof. R. H. Yapp. 
Prof. A. II. R. Buller, Prof. D. T. 

G Wynne- Vaughan, Prof. R.ll. Yapp. 
W. J. Black, Dr. E. J. Russell, Prof. 
J. Wilson. 

B. II. Benlley, R. P. Gregory, Prof. 
D. T. G Wynne- Vaughan, Prof. 
R. H. yapp. 

SECTION L.— EDUCATIONAL SCIENCE. 

1901. Glasgow ... Sir John E. Gorst, F.R.S. ... R. A. Gregory, W. M. Heller, R. Y. 

Howie, C. W. Eimmios, Prof 
H. L. Withers. 


190.'5. Southport A. C. Seward, F.R.S 

1901. Cambridge Francis Darwin, F.R.S 

Sub‘Srction of Agriculture — 
Dr. W. Somerville. 

1005. SouthAfrica Harold Wager, F.R.S. 

1906. York Prof. F. W. Oliver, F.R.S. ... 

1907. Leicester... Prof. J. B. Farmer, F.R.S. ... 

1908. Dublin Dr. F. F. Blackman, F.R.S.... 

1909. Winnipeg... Lieut.-Col. D. Prain, C.I.E., 

F.R.S. 

S^th-sectiou of Agricultme— 
Major P. G. Craigie. C.B. j 

1910. Sheffield ... Prof. J. W. H. Trail, F.R.S. 


Presidents Secretaries 


Prof.J.G.McKendrick,P.R.S. W. B. Brodic, W. A. Osbdrne. Prof. 

W. H. Thompson. 

Prof. W. D. Halliburton, J. Barcroft, Dr. W. A. Osborne, Dr. 

F.B.S. 0. Shaw. 

Prof. C.S. Sherrington, P.R.S. J. Barcroft, Prof. T. G. Brodie, Dr. 
L. E. Shore. 

Col. D, Bruce, O.B., F.R.S. ... J. Barcroft, Dr. Baumann, Dr. Mac- 
kenzie, Dr. G. W. Robertson, Dr. 
Stanwcll. 

Prof. F. Gotch, F.R.S I. Barcroft. Dr. J. M. Hamill, Prof. 

J. S. Macdonald, Dr. D. S. Long. 

Dr. A. D. Waller, F.R.S Dr. N. H. Alcock, J. Barcroft, Prof. 

J. S. Macdonald, Dr. A. Warner. 

Dr. J. Scott Haldane, P.B.S. Prof. D J. Co/fey, Dr. P. T. Herring, 
Prof . J. S. Macdonald, Dr. H .E.Roaf . 
Prof. E. n. Starling, F.R.S.... ; Dr. N. H. Alcock, Prof. P. T. Herring, 
I Dr. W. Webster. 

Prof. A. B, Macallum, F.R.S. Dr. H. G. M. Henry, Keith Lucas, 
I Dr. H. E. Roaf. Dr. J . Tait. 
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1902. Belfast ... Prof. H. E. Armstrong, F.R.S. Prof. R. A. Gregory, W. M. Heller, 

R. M. Jones, Dr. C. W. Eimmins, 
Prof. H. L. Fifchere. 

1903. Southport .. Sir W. de W. Abney, Prof. R. A. Gr^ory, W. M. Heller, 

F.R.S. Dr.C.W.Kimmins,Dr.H.L.Snape. 

1904. Cambridge Bishop of Hereford, D.D. ... J. H. Flather, Prof. R. A. Gregory, 

W. M. Heller, Dr. 0. W. Kimmins. 

1906. SouthAfrica Prof. Sir R. C. Jebb, D.C.L., A.D.Hall,Prof.Hele-Shaw, Dr. C.W. 

M.F. Kimmins, J. R. Whitton. 

1906. York Prof. M. E. Sadler, LL.D. ... Prof. R. A. Gregory, W. M. Heller, 

Hugh Richardson. 

1907. Leicester... Sir Philip Magnus, M.P. W. D. Eggar, Prof. R. A. Gregory, 

J. S. Laver, Hugh Richardson. 

1908. Dublin /Prof. L. 0. Miali, F.R.8 Prof. E. P. Culverwell, W. D. Eggar, 

I George Fletcher, Prof. R. A. 

I Gregory, Hugh Riehardson. 

1909. Winnipeg... I Rev. H. B. Gray, D.D. \V. D. Eggar, R. Fletcher, J. L. 

I I Holland, Hugh Richardson. 

1910. Sheffield ... Principal H. A. Miers, F.R.S.jA. J. Arnold, W. D. Eggar, J. L. 

I I Holland, Hugh Richardson. 


CHAIRMEN AND SECRETARIES op the CONFERENCES OP 
DELEGATES OF CORRESPONDING SOCIETIES. 


Date and Place Chairmen Secretaries 


1885. Aberdeen... Francis Galton, B'.R.S Prof. Meldola. 

1886. Birmingham Prof. A. W. Williamson, F.R.S. Prof. Meldola, F.R.S. 

1887. Manchester Prof.W.Boyd Dawkins, F.R.S. Prof. Meldola, F.R.S. 

1888. Bath John Evans, F.R.S Prof. Meldola, F.R.S. 

1889. Newcastle- Francis Qalton, F.R.S Prof. G. A. Lebour. 

upon-Tyne 

1890. Leeds G. J. Symons, F.R.S Prof. Meldola, F.R.S. 

1891. Cardiff G. J. Symons, F.R.S Prof. Meldola, F.R.S. 

1892. Edinburgh Prof. Meldola, P.R.8 T. V. Holmes. 

1893. Nottingham Dr. J. G. Garson T. Y. Holmes. 

1894. Oxford Prof. Meldola, F.R.S T. V. Holmes. 

1896. Ipswich ... G. J. Symons, F.R.S T. V. Holmes. 

1896. Liverpool... Dr. J. G. Garson T. V. Holmes. 

1897. Toronto ... Prof. Meldola, F.R.S J. Hopkinson. 

1898. Bristol W. Whitaker, F.R.8 T. V. Holmes. 

1899. Dover Rev. T. R. R. Stebbing, F.R.S. T. V. Holmes. 

1900. Bradford ... Prof. E. B. Poulton, F.B.S. ... T. V. Holmes. 

1901. Glasgow ... F. W. Rudler, F.G.S Dr. J. G. Garson, A. Somerville. 

1902 Belfast Prof. W. W. Watts. F.G.S. ... E. J. Bles. 

1903. Southport.. W. Whitaker, F.R.S F. W. Rudler. 

1904. Cambridge Prof. E. H. Griffiths, F.R.S. F. W. Rudler. 

1906. London ... Dr. A. Smith Woodward, F. W. Rudler. 

I P.R.8. 

1906. York.. |Sir Edward Brabrook, C.B.... F. W. Rudler. 

1907. Leicester ...I U. J. Mackinder, M.A F. W. Rudler, I.S.O. 

1908. Dublin J Prof. H. A. Miers, F.R.S W. P. D. Stebbing. 

1909. l^ondon ...' Dr. A. C. Haddon, F.R.S. ... W. P. D. Stebbing. 

1910. Sheffield ... Dr. Tempest Anderson W. P. D. Stebbing. 
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Date and Place 

Lecturers 

1842. Manchester 

Charles Vignoles, F.B.S 


Sir M. I, T^rnnAl 


R. 1. Murohison,,.-.-. 

1843. Cork 

Prof. Owen, M.D., P.R.S 

Prof- E- Forbes, F.R.S..... 

• 

Dr. Robinson 

1844. York 

Charles Lyell, F.K.8 

Dr. Falconer, F.R.S 

1846. Cambridge 

1846. Southamp- 
ton. 

G.B.Airy,P.R.S.,Astron.Hoyal 

R. I. Murchison, P.R.S 

Prof. Owen, M.D., F.R.S. ... 

Charles Lyell, F.R.S. 

W. R. Grove, F.R.S 

1847. Oxford 

Rev. Prof. B. Powell, F.R.S. 
Prof. M. Faraday, F.R.S 

1848. Swansea ... 

Hugh E. Strickland, F.Q.S.... 
John Percy, M.D., l!\R.S 

1849. Birming- 
ham. 

W. Carpenter, M.D., P.R.S.... 

Dr. Faraday, F.R.S 

Rev. Prof. Willis, M.A., F.R.S. 

1860. Edinburgh 

Prof. J. H. Bennett, M.D., 
F.R.S.K. 

1861. Ipswich ... 

Dr. Mantell, F.R.S 

Prof. R. Owen, M.D., F.R,S. 

1862. Belfast 

G. B. Airy, F.R.S., Astronomer 
Royal 

Prof. G. G. Stokes, D.C.L., 
F.R.S. 

Colonel Portlock, R.E., F.B.S. 

1853. Hull 

1 

Prof.J.Phillips,LL.D.,F.R.8., 

F.G.S. 


Rohprt Hunt. F,R.S 

1854. Liverpool... 

Prof. R. Owen, M.D., F.R.S. 
Col. E. Sabine, V.P.R.S 

1866. Glasgow ... 

Dr. W. B. Carpenter, F.R.S. 
Lieut.-Col. H. Rawlinson ... 

1866. Cheltenham 

Col. Sir H. Rawlinson 


W. B. Grove, P.as. 


Subject of Discoune 

The Principles and Construction of 
Atmospheric Railways. 

The Thames Tunnel. 

The GeolCgy of Russia. 

The Dinomis of New Zealand. 

The Distribution of Animal Life in 
the Jlgean Sea. 

The Earl of Rosse’s Telescope. 

Geology of North America. 

The Gigantic Tortoise of the Siwalik 
Hills in India. 

Progress of Terrestrial Magnetism. 

Geology of Russia. 

Fossil Mammalia of the British Isles. 

Valley and Delta of the Mississippi. 

E*ropertiesof t heKxplosiveSubstance 
discovered by Dr. Schonbein; also 
some Researches of his own on the 
Decomposition of Water by Heat. 

Shooting Stars. 

Magnetic and Diamagnetic Pheno> 
mcna. 

The Dodo {Bidm iwptm'). 

Metallurgical Operations of Swansea 
and its Neighbourhood. 

Recent Microscopical Discoveries. 

Mr. Gassiot’s Battery. 

Transit of different Weights with 
varying Velocities on Railway.s. 

Passage of the Blood through tJie 
minute vessels of Animals in con- 
nection with Nutrition. 

Extinct Birds of New Zealand. 

Distinction between Plants and Ani- 
mals, and their Changes of Form. 

Total Solar Eclipse of July 28, 
1861. 

Recent Discoveries in the properties 
of Light. 

Recent Discovery of Rock-salt at 
Carrickfergus, and geological and 
practical considerations connected 
with it. 

Some peculiar Phenomena in the 
Geology and Physical Geography 
of Yorkshire. 

The present state of Photography. 

Anthropomorphous Apes. 

Progress of Researches in Terrestrial 
Magnetism. 

Characters of Species. 

Assyrian ahd Babylonian Antiquities 
and Ethnology. 

Recent Discoveries in Assyria and 
Babylonia, with the results of 
Cuneiform Research up to the 
present time# 

> Correlation of Physical Forces. 


EVENING DISCOURSES. 


Date and Place 


Lecturers 


Subject of Discourse 


1867. Dulblin Prof. W. Thomson, E.11.S. ... The Atlantic Telegraph. 

Rev. Dr. lAvingstone, D.C.L. Recent Discoveries in Africa. 

1868. Leeds Prof. J. Phillips, LL.D.,F.K.S. The Ironstones of Yorkshire. 

Prof. R. Owen, M.D., F.li.S. The Fossil Mammalia of Australia. 

1869. Aberdeen... Sir R. I. Murchison, D.C.L... . The Geology of the Northern 

Highlands. 

Rev. Dr. Robinson, F.R.S. ... Electrical Discharges in highly 
rarefied Media. 

1860. Oxford Rev. Prof. Walker, F.R.S. ... Physical Constitution of the Sun. 

Captain Sherard Oahorn, R.N. Arctic Discovery. 

1861. Manchester Prof. W. A. Miller, M.A.,F.R.S. Spectrum Analysis. 

G.B. Airy, F.R.S.,Astron, Royal The late Eclipse of the Sun. 

1862. Cambridge Prof. Tyndall, LL.D., F.R.S. The Forms and Action of Water. 

Prof. Odling, F.R.S Organic Chemistiy. 

1863. Newcastle Prof. Williamson, F.R.S The Chemistry of the Galvanic 

Battery considered in relation 
to Dynamics. 

James Glaisher, F.R.S The B^loon Ascents made for the 

British Association. 

1864. Bath Prof. Roscoc, F.R.S The Chemical Action of Light. 

Dr. Livingstone, F.R.S Recent Travels in Africa. 

1866. Binning- .J, Beete Jukes, F.B.S Probabilities as to the position and 

ham. extent of the Coal-measures be- 

neath the red rocks of the Mid- 
land Counties. 

1866. Nottingham I William Huggins, F.R.S The Results of Spectrum Analysis 

/ applied to Heavenly Bodies. 

[Dr. J. D. Hooker, F.R.S Insular Floras. 

1867. Dundee Archibald Geikie, F.R.S The Geological Originof the present 

Scenery of Scotland. 

Alexander Hcrscliel, F.R.A.S. The present state of Knowledge re- 
garding Meteors and Meteorites. 

1868. Norwich ... J. Fergusson, F.R.S Archajology of the early Buddhist 

Monuments. 

Dr. W. Odling, F.R.S Reverse Chemical Actions. 

1869. Exeter Prof. J. Phillips, LL.D.,F.R.S. Vesuvius. 

J. Norman Lockyer, F.R.S. .. The Physical Constitut ion of the 
Stars and Nebulas. 

1870. Liverpool... Prof. J. Tyndall, LL.D.,F.E.S. The Scientific Use of the Imagi- 

nation. 

Prof.W. J. MacquornRankine, Stream-lines and Waves, in connec- 


1864. Bath Prof. Roscoe, F.R.S 

Dr. Livingstone, F.R.S 

1866. Binning- J, Beete Jukes, F.B.S 

ham. 


1866. Nottingham I William Huggins,F.R.S 


1868. Norwich .. 


1872. Brighton 


1873. Bradford 


LL.D., F.R.S. 

F. A. Abel, F.R.S 

E. B. Tylor, F.R.S 


LL.D., F.R.S. tion with Naval Architecture. 

1871. Edinburgh F. A. Abel, F.R.S Some Recent Investigations and Ap- 

plications of Explosive Agents. 

E. B. Tylor, F.R.S The Relation of Primitive to Modern 

Civilisation. 

1872. Brighton ... Prof. P. Martin Duncan, M.B., Insect Metamorphosis. 

F.R.S. 

Prof. W. K. Clifford The Aims and Instruments of Scien- 

tific Thought. 

1873. Bradford ... Prof. W. C.Williamson, F.R.S. Coal and Coal Plants. 

Prof. Clerk Maxwell, F.R.S. Molecules. 

1874. Belfast Sir Jolm Lubbock, Bart.,M.P., Common Wild Flowers considered 

F.R.S. . in relation to Insects. 

Prof. Huxley, F.R.S The Hypothesis that Animals are 


F.R.S. . in relation to Insects. 

Prof. Huxley, F.R.S The Hypothesis that Animals are 

Automata, and its History. 

1876. Bristol W.Spottiswoode,LL.D.,F.R.S. The Colours of Polarised Light. 

F. J. Bramwell, F.R.S Railway Safety Appliances. 

1876. Glasgow ... Prof. Tait, F.B.S.E Force. 

Sir Wyville Thomson, F.R.S. The * Challenger Expedition. 



EVENING mSCOURSES. 
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Date and Place 

1877. Plymouth... 

1878. Dublin 

1879. Sheffield ... 

1880. Swansea ... 

1881. York 

1882. Southamp- 

ton. 

1883. Southport... 

1884. Montreal... 

1885. Aberdeen... 

i 

1 

1886. Firming- j 

ham. I 

1887. Manchester 

1888. Bath 

1889. Newcastle- 

upon-Tyne 

1890. Leeils 

1891. Cardiff 

1892. Edinburgh 

1893. Nottingham 

1894. Oxford 

1895. Ipswich ... 

1896. Liverpool... 

1897. Toronto ... 


Lecturers 


Subject of Discourse 


W. Warington Smvth, M.A., 
F.R.S. 

l>rof. Odling, P.R.S 

G. J. Romanes, F.L.S 

Prof. Dewar, F.R.S 

W, Crookes, F.R.S 

Prof. B. Ray Lankester, F.R.S. 
Prof . W.Boyd Dawkins, F.R.S. 

Francis Galton, F.R.S 

Prof. Huxley, Sec. B.S 


W. Spottiswoode, Pres. R.S.... 


Prof. Sir W m. Thomsen, F.R.S. 
Prof. H. N. Moseley, F.R.S. 
Prof. R. S. Ball, F.U.S 

Prof. J. Q. McKendrick 

Prof. 0. J. Lodge, D.Sc 

Rev. W. H. Dallinger, F.R.S. 


Prof. W. 0. Adams, P.R.S. ... 


John Murray, F.R.S.E. 

A. W. Riicker, M.A., F.U.S. 

, Prof. W. Rutherford, M.D 

Prof. H. B. Dixon, F.R.S. ... 

Col. Sir F. de Wiriton 

Prof. W. E. Ayrton, F.H.S. ... 
Prof. T. G. Bonney, D.Sc., 
F.R.S. 

Prof. W. C. Roberts-Austen, 
F.R.S. 

Walter Gardiner, M.A 

lE. B. Poulton, M.A., F.R.S.... 
Prof. C. Vernon Boys, F.R.S. 
Prof. L. C. Miall, F.L.S., F.G.S. 

l'rof.A.W.Racker,M.A.,F.R.S. 
I’rof. A. M Marshall, F.R.S. 
Prof. J. A. Ewing, M.A. , F.R.S. 
Prof. A. Smithells, B.Sc. 

Prof. Victor Horsley,^ f\R.S. 

J. W. Gregory, D.Sc., F.G.S. 

Prof. J.Shield Nicholson, M.A, 

Prof. S. P. Thompson, P.R.S. 
Prof. Ptsrcy F. Frankland, 
F.R.S. 

Dr. F. Elgar, BMi.S 

Prof. Flinders Petrie, D.C.L. 
Prof. W. C. Roberts-Austen, 
F.R.fi. 

J. Milne, F.R.S 


Physical Phenomena coniAiCted with 
the Mines of Cornwall and Devon. 

The New Element, Gallium. 

Animal Intelligence. 

Dissociation, or Modem Ideas of 
Chemical Action. 

Radiant Matter. 

D^neration. 

Primeval Man. 

Mental Imagery. 

The Rise and Progress of Palaeon- 
tology. 

The Electric Discharge : its Forms 
and its Functions. 

Tides. 

Pelagic Life. 

Recent Researches on the Distance 
of the Sun. 

Galvanic and Animal Electricity. 

Dust. 

The Modern Microscope in Re- 
searches on the I^east and Lowest 
Forms of Life. 

The Electric Light and Atmospheric 
Absorption. 

The Great Ocean Basins. 

Soap Bubbles. 

The Sense of Hearing. 

The Rate of Explosions in Gases. 

Explorations in Central Africa. 

The Electrical Transmission of Power 

The Foundation Stones of the Earth’s 
Crust. 

The Hardening and Tempering of 
Steel. 

How Plants maintain themselves in 
the Struggle for Existence. 

Mimicry. 

Quartz Fibres and their Applications. 

•Some Difficulties in the Life of 
Aquatic Insects. 

Electrical Stress. 

Pedigrees. 

Magnetic Induction. 

Flame. 

The Discovery of the Physiology of 
the Nervous System. 

Experiences and Prospects of 
African Exploration. 

Historical Progress and Ideal So- 
cialism. 

Magnetism in Rotation. 

The Work of Pasteur and its various 
Developments. 

Safety in Ships. 

Man before Writing. 

Canada’s Metals. 

Earthquakes and Volcanoes. 
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EVENING DISCOURSES. 


Date and Place Lecturers Subject of Discourse 

1898. Briotol Prof. W. J. Sollas, F.R.S ! Funafuti: the Study of a Coral Island. 

Herbert Jackson ; Phosphorescence. 

1899. Dover Prof. Charles Richet La vibration nerveuse. 

Prof. J. Fleming, F.R.S .TheCentenaryoftheElectricCiirrent. 

1900. Bradford ... Prof. F. Gotch, F.R.S j Animal Electricity. 

Prof. W. Stroud Range Finders. 

1901. Glasgow ... ! Prof. W. Ramsay, F.R.S The Inert Constituents of the 

Atmosphere. 

Francis Darwin, P.R.S The Movements of Plants. 

1902. Belfast ... Prof. J. J. Thomson, F.R.S.... Becquerel Kays and Radio-activity. 

Prof. W. F. R. Weldon, F.R.S. I Inheritance. 

1903. Southport... Dr. R. Munro |Man as Artist and Sportsmanin the 

I PalsBolithic Period. 

Dr. A. Rowe The Old Chalk Sea, and some of its 

Teachings. 

J904. Cambridge Prof. G. H. Darwin, F.B.S.... Ripple* Marks and Sand-Dunes. 

Prof. H. F. Osborn Palaeontological Discoveries in the 

1906. South Rocky Mountains. 

Africa: 

Cape Town ... Prof. E. B. Poulton, F.R.S. .... W. J.Burchell’s Discoveries in South 

Africa. 

C. Vernon Boys, F.R.S. ...... Some Surface Actions of Fluids. 

Durban ... Douglas W. Freshfield The Mountains of the Old World. 

Prof. W. A. Herdman, F.R.S. Marine Biology. 

Pietermaritz- Col. D. Bruce, C.B., F.R.S.... Sleeping Sickness. 

biirg. H. T. Ferrar The Cruise of the * Discovery.’ 

Johannesburg Prof. W. E. Ayrton, F.R.S. ... The Distribution of Power. 

Prof. J. 0. Arnold Steel as an Igneous Rock. 

Pretoria ... A. B. Shipley, F.R.S ! Fly-borne Diseases : Malaria, Sleep- 

1 I ing Sickness, See. 

Blocrafonfein... :A. R. Hinks 'The Milky Way and the Clouds of 

1 ' I Magellan. 

Kimberley . . . ; Sir W m. Crookes, P.K.S. ...... j Diamonds. 

I Prof. J. B. Porter iThe Bearing of Engineering on 

I Mining. 

Bulawayo . . . D. Randall -Mad ver The Ruins of Rhodesia. 

1906. York , Dr. Tempest Anderson Volcanoes. 

Dr. A. D. Waller, F.R.S jThe Electrical Signs of Life, and 

I their Abolition by Chloroform. 

1907. Leicester... W. Duddell, F.R.S The Ark and the Spark in Kadio- 

telegraphy. 

Dr. F. A. Dixey Recent Developments in the Theory 

of Mimicry. 

1908. Dublin Prof. H. H. Turner, F.R.S. ... Halley’s Comet. 

Prof. W. M Davis The Lessons of the Colorado Canyon. 

1909. Winnipeg... Dr. A. E. H. Tutton, F.R.S.... The Seven Styles of Crystal Archi- 

tecture. 

Prof. W. A. Herdman, F.R.S. Our Food from the Waters. 

' Prof. H. B. Dixon, F.R.8. ... The Chemistry of Flame. 

* Prof. J. H. Poynting, F.R.S. The Pressure of Light. 

1910. Sheffield ... Prof. W. Stirling, M.D Types of Animal Movement.* 

D. G. Hogarth New Discoveries about the Hittites. 


* * Popular Lectures,’ delivered to the citizens of Winnipeg. 

* Repeated, to the public, on Wednesday, September 7. 



LECTURES TO THE OPERATIVE CLASSES. 
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LECTUBES TO THE OPERATIVE CLASSES. 


Date and Place Lecturers , Subject of Lecture 

1867. Dundee ! Prof., I. Tyndall, LL.D.,F.R.S.' Matter and Force. 

1868. Norwich ... Prof. Huxley, LL.D., F.R.S, | A Piece of Chalk. 

186!). Exeter Prof. Miller, M.D., F.R.S. ... The modes of delecting the Com- 

position of the Sun and other 
Heavenly Bodies by the Spectrum. 
1870. Liverpool ... Sir John Lubbock, Bart..,F.K.S. ' Savages. 

1872. Brighton ... W.Spottiswoode, LL.D., F.R.S. I Sunshine, Sea, and Sky. 

1873. Bradford ... C.W. Siemens, D.C.L»,F.R.S.' Fuel. 

1874. Belfast Prof. Odling, F.R.S The Discovery of Oxygen. 

1876. Bristol Dr. W. B. Carpenter, F.R.S. A Piece of Limestone. 

1876. Glasgow ... Commander Cameron, C.B.... A Journey through Africa. 

1877. Plymouth... W. H. Preece Telegraphy and the Telephone. 

1879. Sheffield ... W. B. Ayrton Electricity as a Motive Power 

1880. Swansea ... Q. Seebohm, F.Z.S The North-East Passage. 

1881. York Prof. Osborne Reynolds, Raindrops, Hailstones, and Snow- 

JftR-S. flakes. 

1882. Southamp- Dr. John Evans, Treas. R.S. Unwritten History, and how tc 

ton. read it. 

1883. Southport... Sir F.tf. Bramwell, F.R.S. ... Talking by Electricity —Telephones. 

1884. Montreal ... Prof. R. S. Ball, F.R.S Comets. 

1885. Aberdeen ... H. B. Dixon, M.A The Nature of Explosions. 

1886. Birmingham Prof. W. C. Roberts-Austen, The Colours of Metals and theii 

F.R.S. Alloys. 

1887. Manchester Prof. G. Forbes, F.R.S Electric Lighting. 

1888. Bath Sir John Lubbock, Bart., F.R.S. The Customs of Savage Races. 

1889. Newcastle- B. Baker, M.Inst.C.E The Forth Bridge. 

upon-Tyne 

1890. l<eeds Prof. J. Perry, D.Sc., F.R S. Spinning Tops. 

1891. Cardiff Prof. S. P. Thomp.son, F.R.S. Electricity in Mining. 

1892. Edinburgh.. Prof. C. Vernon Boys, F.R.S. Electric Spark Photographs. 

1893. Nottingham Prof. Vivian B. Lewes Spontaneous Combustion. 

1894. Oxford Prof. W. J. Sollas, F.R.S. ... Geologies and Deluges. 

1896. Ipswich ... Dr. A. H. Fison Colour. 

1896. Liverpool... Prof. J. A. Fleming, F.R.S.... The Earth a Great Magnet. 

1897. Toronto ... Dr. H. O. Forbes New Guinea. 

1898. Bristol Prof. E. B. Poulton, F.R.S. ... The ways in which Animals Warn 

their Enemies and Signal to their 
Friends. 

1900. Brad ford...' Prof. S. P. Thompson, F.R.S. Electricity in the Industries. 

1901. Glasgow ...ill J. Mackinder, M.A The Movements of Men by Land 

' i and Sea. 

1902. Belfast iProf. L. C. Miall, F.R.S Gnats and Mosquitoes. 

1903. Southport... Dr. J. S. Flett Martinique and St. Vincent: the 

^ I Eruptions of 1902. 

1904. Cambridge.. Dr. J. E. Marr, F.R.S The Forms of Mountains. 

1906. York Prof. 8. P. Thompson, F.R.S. The Manufacture of Light. 

1907. Leicester ... Prof. H. A. Miers, F.R.S The Growth of a Crystal. 

1908. Dublin Dr. A. B. H. Tutton. B\R.S. The Crystallisation of Water. 

1910. Sheffield ... 0. T. Heycock, F.R.S Metallic Alloys. 
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A'rrENDANCES AND llECKIPTS AT ANNUAL MEETINGS. 


Table showhig the Attendances and Receipts 


Date of Meeting 


Where held 


Prcsideiita 


; 1831,Sept*a7 

I 1832, June 19 

, 18.33, June 26 

' 1834, Sept. 8 

j 1836, Aug. 10 

1836, Aug. 22 

1837, Sept. 11 

18.38, Aug. 10 

1 1839, Aug. 26 

1810, Sept. 17 

1841, July 20 

1812, June 23 . .. 


York ! Vi.scount Milton, D.(\L..F.U.S 

Oxford • The Rev. W. Hueklmid, F.ll.S 

Cambridge ! The Rev. A. Sedgwiek, F.U.S 

Kdinburgh ' Sir T. M. Urisbano, D.C.L., F.R.S. .. 

Dublin I The Rev. Prtivost Lloyd, IjIj.I)., F.R.S. 


I Bristol ! The 3faniui8of Lijus<lo\vue, F.R.S., 

[ Liverpool ' The l^arl of Burlington, F.R.S 

Ncwcastle-on-Tyne...i The Duke of NorthundN>rIiiiu1, RR.S.j 

' Biriningliaui Tlie Rev. W. Vernon llareourt, F.R.S.J 

[ (rlasgow I The ManpiLs of Breadall)ane, F.ILS.i 

Plymouth j The Rev. W. Whewell, F.R.S i 

I Mamdiester | The IjonI Pnuici.s Kgerton, F.C.S. ...j 

181.3, Aug. 17 ! Cork j Tlie Earl of Rosse, F.R.S 

1844, Sept. 26 I York j The Rev. (r. Peaeook, D.t)., F.B.S. ... 

ISIS, June 19 j C.unbridge j Sir John F. W.Hersehel, Bart., F.R.S. 


1846, Sept. 10 

1847, June 23 ... 
1818, Aug. 9 .... 

1849, Sept. 12.... 

1850, July 21 

1861, July 2 

1852, Sept. 1 

1853, Sept. 3 

1854, Sept. 20 

1855, Sept. 12 ...... 

1856, Aug. 6 

1867, Aug. 26 

1868, Sept. 22 

18.59, Sept. 14 

1K60, June 27 

1861, Sept. 4 

1862, Oct. 1 

186.3, Aug. 26 

1864, Sept. 13 

1865, Sept. 6 

1866, Aug. 22 

1867, Sept. 4 

1808, Aug. 19 

1869, Aug. 18 

1870, Sept. 14 

1871, Aug. 2 

1872, Aug. 14 

1873, Sept. 17 

1874, Aug. 19 

1875, Aug. 25 . 


Southampton * SirRofierick I.Murchia)n,Bart.,P.Il..S. 

Oxford I Sir Robert H. Inglis, Burt., F.R.S. 

Swansea 

Birminglinm 
Edinburgh .. 

Ipswich 

Belfast 

Hull 

Liverpool 

Glasgow 

Cheltenham ... 

Dublin 

Leeds 

Aberdeen 

Oxford 

Manchester ... 

Cambridge 


ThoMarquis of Northampton,Prcs.R.S. ; 
The Rev. T. R. Robinson, D.D. F.U.S.| 

Sir Ihivid Brewster, K.H., F.R.8 

0. B. Airy, Astronomer Royal, F.R.S. 

Lfent.-Geneml Sabine, F.R.S 

William Hopkins, P.R.a 

Tlie Earl of Harrowby, P.R.8 

The Duke of Argyll, F.R.S 

Prof. 0. G. B. Daiibcnv, M.D., F.R.8 

The Rev. H. Llovd, D.l)., F.R S j 

Richard Owen, M.D., D.O.L., Fai.S....| 

M.R.H. Tlie Prince Consort , 

The Lord Wrotteslcy, M.A., F.R.8. ...1 

WiUiam Fairbairn, LL.D., F.U.S i 

The Rev. Professor Willis, M. A., F.R.S.; 

Newcastie-on-Tyne.. 1 .SlrWIlliam G. Armstrong.C.B., F.R.S. 


Bath 

Birmingham.. 

Nottingham.. 

Dundee 

Norwich 

Exeter 

Liverpool 

Edinburgh 

Brighton 

Bradford 

Belfast 


Sir Charles Lyell, Bart., M.A., F.R.S.; 
Prof. J. Phillips, M.A., LL.D., F.U.S.! 

William R. Grove. Q.C., P.II.S. j 

The Duke of Buoolouch, K.C.B.,F.R.S. 

Dr. Joseph D. Hooker. F.R.S 1 

Prof. G.G. Stokes, D.C.L., F R.S 

Prof. T. JJ. Hnxlev, LL.I)., P.R.S. .. 
Prof. Sir W. Thomson, LL.D., F.R.S. 

Dr. W. B. Carpenter, F.R.S ; 

Prof. A. W. Williamson, F.R.S 

I>rof. J. Tvndall, LL.D., F.U.S 

Sir John Hawkshaw, F.R,S 

Pmf. r. Andrews. MJ)., F.ILS 

s : 


, o Bristol , 

1876, Sept. 6 / Glasgow 

1877, Attg. 15 / Plymouth / Prof. A. Thomson. M.D., F.R.S 

1878, Aug. 14 1 Dublin W. Spottiswoode, M..L, F.R..S. 

1879, Aug. 20 ! Sheffield Prof. G. J. Allman, M.D., F.R.S 

1880, Aug. 25 Swansea, * 

1881, Aug. 31..., " ■ 

1882, Aug. 23 ... 

1883, Sept. 19 ... 

1884, Aug. 27... 

1886, Sept. 9 ... 

1886, Sept.! ... 

1887, Aug. 31 .. 

1888, Sept. 6 

1889, Sept. 11 .. 

189U,Sept.3 .. 

1891, Aug. 19 .. 

1892, Aug. 3 .. 

1893, Sept. 13 .. 

1894, Aiig. 8 .. 

1896, Sept. 11 .. 

1896, Sept. 16 .. 

1897, Aug. 18 .. 

1808, Sept. 7 .. 

1899, Sept. 13 .. 

1900, Sept. 6 .. 

1901, Sejrt. 11 .. 

1902, Sept. 10 .. 

1903, Sept. 0 

1904, Aug. 17... 

1906, Aug. 16.., 

1006, Aug. 1 ... 

1907, July 81 .. 

1808, Sept. 2 .. 

1909, Aug. 25,. 

1910, Aug. 81 .. 


York 

Southampton 

Southport 

Montreal 

Aberdeen 

Binninghara 

Manohester 

Bath 

Newcaslle-on-Tyne. 

Txjeda 

Cardiff 

Edinburgh 

Nottingham 

Oxford 

Ipswich 

Liverpool 

Toronto 

Bristol 

Dover 

Bradford 

Glasgow 

Belfast 

Southport 

Cambridge 

South Africa 

York 

Leicester 

Dublin 

Winnipeg 

Sheffield 


A. 0. Ramsay, LL.D., F.R.S. 

Sir John Lubbock, Bart., F.R.S ■ 

Dr. 0. W. Siemens F.R.a i 

Prof. A. Cavley, D.C.l.., F.R.S 

Prof. Lonl hayleigh, F.ILS 

Sir Lyon Playfair, K.0.B.,F.R.S | 

Sir J. W. Dav -.on, O.M.G., P.R.S | 

Sir II. K. Roscoc, D.C.L., F.ILS 

Sir F. J. Bramwell, F.B.S ! 

Prof. W. TL Flower, C.B., F.R.S j 

SirF.A.Abel,C.B..F.ILS | 

Dr. W. Huggins, F.ILS j 

Sir A. Geikie, LL.D., P.R.S ! 

Prof. J. S. Burdon Sanderson, P.R.a.i 
The Marquis of S^sbnry,K.G.,F.R.S. 
Sir Douglas Galton, K.C.B., F.H.S. ... 
Sir Joseph Lister, Bart., Pres. R.S. ... 

Sir John Evans, K.C.B., F.ILS 

Sir W. Crookes, F.ILS i 

Sir Michael Foster, K.C.B., Sec.R.S.... 
Sir William Turner, D.O.L., F.R.S. ... 
Prof. A. W. RUcker, D.Sc., Seo.R.S. .. j 

Prof. J. Dewar, LL.D., F.R.S i 

Sir Norman Lockyer, K.C.B., F.R.S. 
Rt. Bon. A. J. Balfour, M.P., F.H.S. 
Prof. G. H. Darwin, LL.D., P.R.S. ... 
Prof. £. Ray Lankester, LL.D., F.R.S.| 
Sir David Gill, K.O.B., P.R.S. . ' 

Dr, Francis Darwin, P.R.S 

Prof. Sir J. J. Thomson, F.R.8. 

Rev. Prof. T. G. Bonney, F.R S. 


Old Life ! New Life | 
Miiuibcrs Members : 


169 

i 66 

3U3 

i 169 

109 

; 28 

226 

I 160 

313 

1 ;w 

241 

10 

314 

18 

149 

3 

227 

12 

235 

9 

172 

8 

164 

10 

141 

IS 

238 

23 

194 

33 

182 

14 

236 

16 

222 

42 

184 

27 

286 

21 

32L 

113 i 

239 

16 1 

203 

36 

287 

40 1 

292 

44 

207 

31 = 

167 

26 

196 

18 : 

204 

21 , 

314 

39 i 

246 

28 j 

216 

36 

212 

27 j 

162 

13 ' 

239 

36 j 

221 

35 

173 

19 

201 

18 

184 

16 

144 

11 

272 

28 

178 

17 

203 

60 

235 

20 

225 

18 

314 

25 

428 

86 

266 ‘ 

36 

277 

20 

269 

21 

180 

24 

280 

14 

201 

17 

327 

21 

214 

13 

330 

31 

120 

8 

281 

19 

296 

20 

267 

13 

310 

37 

243 

21 

250 

21 

419 

32 

116 

40 

322 

10 

276 

19 

294 

24 

117 

13 

203 

26 
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ATTENDANCES AND RECEIPTS AT ANNUAL MEETINGS. 


at Annual Meetings of the Association. 


Old 

Animtil 

Members 

New 

A nniiiil 
Members 

{ Asso- 
1 elates 

1 

liudics 

1 

^Porcigiic* 

1 

ftj Total 

i 

Amount 
rtioeived 
ilnrinf? the 
1 Meeting 

Sums paid 

1 on HRCoun 

1 of 0 milts 
•for .Scientifl 
Furiioses 

Year 

c 

— 

j ~ 

— 

— 

1 - 

! 353 

! 

__ 


_ 


I 1831 

— 


— 

— 

1 

1 - 

1 

— 


— 


! 1832 

— 

1 — 

— 

— 

- 

1 900 


— 


i — 


1833 

— 

— 

— 

— 

1 

1 

; 1298 


— 


: £20 0 

0 

1 18:14 

— 

— 

— 

— 

1 

1 — 


— 


1 167 0 

0 

1835 

— 

1 — 

— 

— 

i 

! 1350 


— 


; 435 0 

0 

1836 

— 

i 

— 

— 

1 

! 1810 


— 


1 922 12 

c 

' 1837 

— 

, — 

— 

1100» 

1 — 

1 2 OKI 


— 


932 2 

2 

18:18 

— 

— 

— 

— 

31 

1438 


— 


: 1595 11 

0 

1839 


— 

1 — 

— 

40 

; 1353 





' 1516 16 

4 

1840 

46 

317 

— 

60* 

— 

; 891 





: 1235 10 

11 

1 1811 

76 

376 

:53t 

331* 

1 28 

' 1316 


__ 


I 1449 17 

8 

1818 

71 

186 

— 

160 

— 

1 — 


— 


1565 10 

2 

' I8i:t 

45 

190 

9t 

260 

— 

1 





981 12 

8 

1814 

ni 

22 

407 

172 

36 

1 1079 

i 




831 9 

9 

1815 

65 

39 

270 

196 

36 

! 857 

1 

_ 


685 16 

0 

! 1816 

1»7 

40 

495 

203 

53 

1320 

1 




208 5 

4 

1847 

54 

25 

370 

107 

15 

819 

£707 

0 

0 

275 1 

8 

1848 

98 

33 

447 

237 

22 

1071 

963 

0 

0 

159 19 

6 

1849 

128 

42 

510 

273 

44 

1241 

1085 

0 

0 

345 18 

0 

1860 

01 

47 

244 

141 

37 

710 

620 

0 

0 

391 9 

7 

1851 

68 

60 

510 

292 

9 

1108 

1085 

0 

0 

304 6 

7 

1852 

56 

57 

367 

236 

6 

876 

903 

0 

0 

205 0 

0 

1853 

181 

121 

765 

524 

10 

1802 

1882 

0 

0 

380 19 

7 

1854 

143 

101 

1094 

548 

26 

8133 

2311 

0 

0 

480 16 

4 

1855 

104 

48 

412 

346 

9 

1115 

1098 

0 

0 

734 13 

9 

1856 

156 

120 

900 

669 

26 

2022 

2016 

0 

0 

507 15 

4 

1857 

111 

01 

710 

609 

13 

1698 

1931 

0 

0 

618 18 

2 

1858 

126 

179 

1206 

821 

22 

2564 

2782 

0 

0 

684 11 

1 

1859 

177 

59 

636 

463 

47 

1689 

1604 

0 

0 

766 19 

6 

1860 

184 

125 

1589 

791 

15 

31.38 

3914 

0 

0 

nil 6 

10 

18'Jl 

160 

67 

433 

242 

25 

1161 

1089 

0 

0 

1293 16 

6 

1862 

lu 

209 

1704 

](M)4 

25 

3335 

3640 

0 

0 

1608 3 

10 

1863 

182 

103 

1119 

1058 

13 

2802 

2966 

0 

0 

1289 15 

8 

1864 

215 

149 

766 

508 

23 

1997 

2227 

0 

0 

1591 7 

10 

1866 

218 

105 

960 

771 

11 

2303 

2469 

0 

0 

1750 13 

4 

1866 

193 

118 

1163 

771 

7 . 

2444 

2613 

0 

0 

1789 4 

0 

1867 

236 

117 

720 

682 

45t 

2004 

2042 

0 

0 

1940 0 

0 

1868 

229 

107 

678 

6(K) 

17 

1856 

1931 

0 

0 

1622 0 

0 

1869 

303 

195 

1103 

010 

14 

2878 

3096 

0 

0 

1572 0 

0 

1870 

311 

127 

976 

764 

21 

2163 

2675 

0 

0 

1472 2 

6 

1871 

280 

80 

037 

912 

43 

2533 

2649 

0 

0 

1285 0 

0 

1872 

237 

99 

796 

601 

11 

1983 ; 

2120 

0 

0 

1685 0 

0 

187:1 

232 

86 

817 

630 

12 

1951 

1979 

0 

0 

1151 16 

0 

1874 

307 

93 

884 

672 

17 

2248 j 

2397 

0 

0 

9G0 0 

0 

1875 

331 

185 

1265 

712 

25 

2774 I 

3023 

0 

0 

1092 4 

2 

1876 

238 

59 

446 

283 

11 

1229 

1268 

0 

0 

1128 9 

7 

1877 

290 

93 

1286 

674 

17 

2578 ; 

2615 

0 

0 

726 16 

6 

1878 

239 

74 

529 

.349 

13 

1404 i 

1425 

0 

0 

1080 11 : 

11 

1879 

171 

41 

389 

147 

12 

915 i 

899 

0 

0 

731 7 

7 1 

1880 

313 

176 

1230 

514 

24 

2557 

2689 

0 

0 

476 8 

1 

1881 

253 

79 

516 

189 

21 

1253 ' 

1286 

0 

0 

1126 1 

11 i 

1 1882 

330 

323 

052 

841 

5 

1 2714 1 

3369 

0 

0 

1083 3 

3 

I 1883 

317 

219 

836 

74 

26&60H.5 

1777 1 

1 1865 

0 

0 

1173 4 

0 

1 1884 ■ 

332 

122 

1053 

447 

9 1 

2203 ’ 

2256 

0 

0 

1385 0 

0 

1 1885 

428 

179 

1067 

429 

11 

2453 

2532 

0 

0 

995 0 

6 

] 1886 

510 

244 

1985 

403 

92 

3838 

1 4336 

0 

0 

1186 18 

0 

1 1887 

399 

100 

639 

509 

12 

1984 

! 2107 

0 

0 

1511 0 

5 

1 1888 

412 

113 

1024 

679 

21 

2437 

i 2441 

0 

0 

1417 0 

11 

! 1889 

368 

92 

680 

334 

12 

1775 

: 1776 

0 

0 

789 16 

8 

1 1890 

341 

152 

672 

107 

35 

1497 i 

1 1664 

0 

0 

1029 10 

0 

1 1891 

413 1 

141 

733 

439 

50 

2070 1 

2007 

0 

0 

861 10 

0 

I 1892 

328 

67 

773 

268 

17 

1661 • 

1653 

0 

0 

907 15 

6 

1893 

435 

69 

911 

451 

77 

2321 I 

2176 

0 

0 

583 IS 

6 

1894 

290 

31 

493 

261 

22 

1324 

1236 

0 

0 

977 15 

6 

1895 

383 

130 

1384 

873 

41 1 

3181 

3228 

0 

0 

1104 6 

1 

1896 

286 

126 

682 

100 

41 1 

1362 • 

1398 

0 

0 

1069 10 

8 

1897 

327 

96 

1051 

639 

33 

2446 ! 

2399 

0 

0 

1212 0 

0 

1898 

324 

68 

548 

120 

27 

1403 

1328 

0 

0 

1430 14 

2 

1899 

297 

45 

801 

482 

9 

1915 ' 

1801 

0 

0 

1072 10 

0 

1900 

874 

131 

794 

246 

20 

1912 

2046 

0 

0 

945 0 

0 

1901 

314 

86 

647 

306 

6 

1620 

1644 

0 

0 

947 0 

0 

1902 

319 

90 

688 

.366 

21 

1754 

1762 

0 

0 

845 13 

2 

1903 

449 

113 

1338 

317 

121 

2789 

2650 

0 

0 

887 18 11 

1904 

937 ^ 

411 

430 

181 

16 

2130 

2422 

0 

0 

928 2 

3 

1906 

866 

03 

817 

362 

22 

1972 

1811 

0 

0 

882 0 

9 

1906 

339 

61 

669 

261 

42 

1647 

1561 

0 

0 

767 12 10 

1907 

465 

112 

1166 

222 

14 

2297 

2317 

0 

0 

1157 18 

8 

1008 

290** 

162 

789 

90 

7 

1468 

1623 

0 

0 

1014 9 

9 

1909 

870 

67 

568 

123 

8 

1449 

1439 

0 

0 

968 17 

0 

1910 


t toolDdi iig Ladies. } Fellows of the American Assooiatiou were admitted as Hon. Members for this Meeting. 
•* Inolodiug 137 Members of the American Assooiation. « 
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AlfALYSIS OP ATTENDANCES AT THE ANNUAL 
MEETINGS, 1831-1910. 

\The total atte'ndancea for the years 1832, 1835, 1843, atid 1844 
are imknown,'] 

Average attendance at 76 Meetings : 1848. 

Average 

Attendance 

Average attendance at o Meetings beginning during Jum, between 

1833 and 1860 1260 

Average attendance at 4 Meetings beginning during Jidy^ between 

1841 and 1907 1122 

Average attendance at 30 Meetings beginning during A ngust^ between 

1836 1910 1943* 

Average attendance at 35 Meetings beginning daring September, 

between 1831 and 1908 1944 

Attendance at 1 Meeting held in October, Cambridge, 1862 . . 1161 


Meetings beginning during August and Septennher, 

Average attendance at — 

4 Meetings beginning during the 1st week in August ( 1st- 7th) , 1905 

6 „ „ „ 2nd „ ( 8th-14th) . 2130 

8 „ 3rd „ „ „ (15th-2]st) , 1761* 

13 „ „ „ .. 4th •(22nd-3l8t) . 1996 

Average attendance at — 

12 Meetings beginning daring the 1st week in September { 1st- 7th). 2100 

16 „ „ 2nd „ „ „ (8th-14th). 1860 

6 • 3rd „ „ „ (16th-21st). 2206 

2 „ „ 4th „ „ „ (22nd-30th). 1026 

Meetings beginning during June^ Jvly^ and October, 

Attendance at 1 Meeting (1845, June 19) beginning during the 3rd 

week in (161h-21st) 1079 

Average! attendance at 4 Meetings beginning during the 4th week in 

June (22nd~30th) 1306 

Attendance at 1 Meeting (1851, July 2) beginning daring the Ist 

week in July (lst-7th) 710 

Average attendance at 2 Meetings beginning during the 3rd week in 

July (16th-21st) ‘ 1066 

Attendance at 1 Meeting (1907, July 31) beginning during the 5th 

week in (29th-3lBt) . 1647 

Attendance at 1 Meeting (1862, October 1) beginning during the 1st 
week in dletofter (lst-7th) . . 1161 

* Average attendance at 31 Meetings, including South Africa, 1906 (August 16- 
September 1) : 1949. 

* Average attendance at 9 Meetings, including South Africa, 1905 (August Id- 

September 1): 1802. " ‘ 
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Omeral Statement of Sums which have been paid on account of 
Grants for Scientific Purposes, 


1834. 



£ 

8, 

d. 

Tide Discussions 

.. 20 

0 

0 

1835. 




Tide Discussions 

.. 62 

0 

0 

British Fossil Ichthyology . 

.. 105 

0 

0 


£167 

0 

0 


1836. 

Tide Discussions 163 0 0 

British Fossil Ichthyology ... 105 0 0 

Thermometric Observations, 

kc 50 0 0 

Experiments on Long-con- 
tinued Heat 17 1 0 

llain-gaiiges 0 13 0 

Refraction Experiments 15 0 0 

Lunar Nutation 60 0 0 

Thermometers _? 

£■435 0 0 


1837. 

.Tide Discussions 284 1 0 

Chemical Constants 24 13 6 

Lunar Nutation 70 0 0 

Observations on Waves 100 12 0 

Tides at Bristol 150 0 0 

Meteorology and Hubterra- 

tiean Temperature 03 3 0 

Vitrification Experiments ... 150 0 0 

Heart Experiments 8 4 6 

Barometric Observations 30 0 0 

Barometers 11 18 6 

£922 12 6 


1838. 

Tide Discussions 29 0 0 

British Fosril Fishes 100 0 0 

Meteorological Observations 
and Anemometer Construc- 
tion 100 0 0 

Strength of Cast Iron 60 0 0 

Preservation of A nimn-l and 

Vegetable Substances 19 1 10 

Railway Constants 41 12 10 

Bristol Tides 60 0 0 

Growth of Plants 76 0 0 

Mud in Rivers 3 6 6 

Education Committee 60 0 0 

Heart Experiments 6 3 0 

Land and Sea Level 267 8 7 

“team-vessels 100 0 0 

Meteorologieal Committee ... 31 9 6 


£932 2 2 


1839. 

£ 8. d. 

Fossil Ichthyology 110 0 0 

Meteorological Observations 

at Plymouth, &o 63 10 0 

Mechanism of Waves 144 2 0 

Bristol Tides 35 18 0 

Meteorology and Subterra- 
nean Temperature ' 21 11 0 

Vitrification Ex|)eriment8 ... 9 4 0 

Cast-iron Experiments 103 0 7 

Railway Constants 28 7 0 

Land and Sea Level 274 1 2 

Steam-vessels’ Engines 100 0 4 

Stars in llistoire Celeste 171 18 0 

Stars (Lacaille) 11 0 6 

Stars in R.A.8. (y’atalogue ... 160 16 0 

Animal Secretions 10 10 6 

Steam Engines in Cornwall... 50 0 0 

Atmospheric Air 16 1 0 

Cast and Wrought Iron 40 0 0 

Heat on Organic Bodies 3 0 0 

Gases on Solar Spectrum 22 0 0 

Hourly Meteorologictil Ob- 
servations, Inverness and 

Kingussie 49 7 8 

Fossil lleptiles 118 2 9 

Mining Statistics 50 0 0 


£1695 11 0 


1840. 

Bristol Tides 100 0 0 

Subterranean Temperature ... 13 13 6 

Heart Experiments 18 19 0 

Longs Experiments 8 13 0 

Tide Discussions 50 0 0 

liundand Sea Level 6 11 * 1 

Stars (Histoire C61este) ...... 242 10 0 

Stars (Lacaille) 4 15 0 

Stars (Catalogue) 264 0 0 

Atmospheric Air 15 15 0 

Water on Iron 10 0 0 

Heat on Organic Bodies 7 0 0 

Meteorological Observations . 52 17 6 
Foreign Scientific Memoirs ... 1 1 2 1 6 

Working Population 100 0 0 

School Statistics 50 0 0 

Forms of Vessels 184 7 0 

Chemical and Electrical Phe- 
nomena 40 0 0 

Meteorological Observations 

at Plymouth 80 0 0 

Magnetical Observations 185 13 9 


£1546 16 4 


1910. 


£ 
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1841. « 

i, «. d. 

Ubservations on Waves 30 0 0 

Meteorology and Subterra- 
nean Ti^mperatnre 8 8 0 

Actinometers 10 0 0 

Earthquake Shocks 17 7 0 

Acrid Poisons 6 0 0 

Veins and Absorbents 8 0 0 

Mud in Rivers 5 0 0 

Marine Zoology 15 12 8 

Skeleton Maps 20 0 0 

Mountaii Barometcns 6 18 6 

Stars (Histoi re Celeste) 185 0 0 

Stars (Lacaille) 79 6 0 

Stairs (Nomenclature of) 17 19 6 

Stars (Catalogue of) 40 0 0 

Water on Iron 60 0 0 

Meteorological Observations 

at Inverness 20 0 0 

Meteorological Observations 

(reduction of) 25 0 0 

Fossil Reptiles 60 0 0 

Foreign Memoirs 62 0 6 

Railway Sections 38 1 0 

Forms of Vessels 193 12 0 

Meteorological Observations 

at Plymouth 65 0 0 

Magnetical Observations 61 18 8 

Fishes of the Old Red Sand- 
stone 100 0 0 

Tides at Leith 60 0 0 

Anemometer at Edinburgh... 69 1 10 

Tabulating Observations 9 6 3 

Races of Men 5 0 0 

Radiate Animals . 2 0 0 


£1235 10 11 


1842. 

Dynamometric Instruments.. 113 11 2 

Anoplura Rritanniae 62 12 0 

Tides at Bristol 59 8 0 

Gases on Light 30 14 7 

Chronometers 26 17 6 

Marine Zoology 16 0 

British Fossil l^mmalia 100 0 0 

Statistics of Education 20 0 0 

Marine Steam-vessels’ En- 
gines 28 0 0 

Stars (Histoire Celeste) 69 0 0 

Stars (Brit. Assoc. Cat. of) ... 110 0 0 

Railway Sections 161 10 0 

British Belemnitcs 60 . 0 0 

Fossil Reptiles (publication 

of Report) 210 0 0 

Forms of Vessels 180 0 0 

Galvanic Experiments on 

Bocks 6 8 6 

Meteorological Experiments 

at Plymouth 68 0 0 

Constant Indicator and Dyna- 
mometric Instruments 90 0 0 


£ 1 d. 

Force of Wind .**; ^ 10 0 0 

Light on Growth of Seeds ... 8 0 0 

Vital Statistics 60 0 0 

Vegetative Power of Seeds ... 8 111 


Questions on Human Race ... 7 9 0 

£1449 17 8 

1843. 

Revision of the Nomenclature 


of Stars 2 0 0 

Reduction of Stars. British 

Association Catalogue 26 0 0 

Anomalous Tides. Firth of 

Forth 120 0 0 

Hourly Meteorological Obser- 
vations at Kingussie and 

Inverness 77 12 8 

Meteorological Observations 

at Pl 3 rmoutb 66 0 0 

WheweirsMeteorological Ane- 
mometer at Plymouth 10 0 0 

Meteorological Observations, 

Osier’s Anemometer at Ply- 
mouth 20 0 0 

Reduction of Meteorological 

Observations 30 0 0 

Meteorological Instruments 

and Gratuities 39 6 0 

Construction of Anemometer 

at Inverness 66 12 2 

Magnetic Co-operation 10 8 10 

Meteorological Recorder for 

Kew Observatory 60 0 0 

Action of Gases on Light 18 16 1 

Establishment at Kew Ob- 
servatory. Wages. Repairs) 


Furniture, and Sundries ... 133 4 7 
Experiments by Captive Bal- 


loons 81 8 0 

Oxidation of the Rails of 

Railways 20 0 0 

Publication of Report on 

Fossil Reptiles 40 0 0 

Coloured Drawings of Rail- 
way Sections H7 18 3 

. Registration of Earthquake 

Shocks 30 0 0 

Report on Zoological Nomen- 
clature 10 0 0 

Uncovering Lower Red Sand- 
stone near Manchester 4 4 6 

Vegetative Power of Seeds ... 6 8 8 

Marine Testacea (Habits of) . 10 0 0 

Marine Zoology 10 0 0 

Marine Zoology 2 14 11 

Preparation of Report on Bri- 
tish Fossil Manimalia 100 0 0 

Physiological Operations pf 

Medicinal Agents 20 0 0 

Vital StatisticB 86 6 8 



GRANTS OF MONEY. 


xdt 


£ «. d. 

Additional Experiments on 

the Fonns of Vessels 70 0 0 

Additional Experiments on 

the Forms of Vessels 100 0 0 

Reduction of Experiments on 

the Forms of Vessels 100 0 0 

Morin’s Instrument and Con- 
stant Indicator 60 14 10 

Experiments on the Strength 
of Materials 60 0 0 


£1666 10 2 


1844. 

Meteorological Observations 
at Kingussie and Inverness 12 0 0 

Completing Observations at 

Plymouth 35 0 0 

Magnetic and Meteorological 

Co-operation 26 8 4 

Publication of the British 
Association Catalogue of 

Stars 35 0 0 

Observations on Tides on the 
East Coast of Scotland ... 100 0 0 
lievision of the Nomenclature 

of Stars ..1842 2 9 6 

Maintaining the Establish- 
ment at Kew Observa- 
tory 117 17 3 

Instruments for Kew Obser- 
vatory 66 7 3 

Influence of Light on Plants 10 0 0 

Subterraneous Temperature 

in Ireland 5 0 0 

Coloured Drawings of Rail- 
way Sections 15 17 6 

Investigation of Fossil Fishes 
oftheLower Tertiary Strata 100 0 0 
Registering the Shocks of 

Earthquakes 1842 23 11 10 

Structure of Fossil Shells 20 0 0 

Radiata and Mollusca of the 
iEgean and Red Seas 1842 100 0 0 
Geographical Distributions of 

Marine Zoology 1842 0 10 0 

Marine Zoology of Devon and 

Cornwall 10 0 0 

Marine Zoology of Corfu 10 0 0 . 

Experiments on the Vitality 

of Seeds 9 0 3 j 

Experiments on the Vitality 

of Seeds 1842 8 7 3 i 

Exotic Anoplura 16 0 0 

Strength of Materials 100 0 0 ! 

Completing Experiments on • 

the Forms of Ships 100 0 0 

Inquiries into Asphyxia 10 0 0 ; 

Investigations on the Internal 

Constitution of Metals 60 0 0 ! 

Constant Indicator and Mo- 
rin’s Instrument 1842 10 3 6 

£981 12 8 


1846. 

£ t. d. 

Publication of the British As- 
sociation Catalogue of Stars 351 14 6 
Meteorological Observation^ 


at Inverness 30 18 11 

Magnetic and Meteorological 

Co-operation 16 16 8 

Meteorological Instruments 

at Edinburgh 18 11 9 

Reduction of Anemometrical 
Observations at Plymouth 26 0 0 

Electrical Experiments at 

Kew Observatory 43 17 8 

Maintaining the Establish- 


ment at Kew Observatory 149 16 0 
For Kreil’s Barometrograph 26 0 0 
Gases from Iron Furnaces ... 60 0 0 

The Actinograph 16 0 0 

Microscopic Structure of 

Shells 20 0 0 

Exotic Anoplura 1843 10 0 0 

Vitolity of Seeds 1843 2 0 7 

Vitality of Seeds 1844 7 0 0 

Marine Zoology of Cornwall... 10 0 0 
Physiological Action of Medi- 
cines 20 0 0 

Statistics of Sickness and 

Mortality in York 20 0 0 

Earthquake Shocks 1843 15 14 8 

£8^9 9 


1846. 

British Association Catalogue 

of Stars 1844 211 15 0 

Fossil Fishes of the London 

Clay 100 0 0 

Computation of tlie Gaussian 

Constants for 1829 50 0 0 

Maintaining the Establish- 
ment at Kew Observatory... 146 16 7 

Strength of Materials 60 0 0 

Researches in Asphyxia 6 16 2 

Examination of Fossil Shells 10 0 0 

Vitality of Seeds 1844 2 15 10 

Vitality of Seeds 1846 7 12 3 

Marine Zoology of Cornwall 10 0 0 
Marine Zoology of Britain ... 10 0 0 

Exotic Anoplura 1844 25 0 0 

Expenses attending Anemo- 
meters 11 7 6 

Anemometers’ Repairs 2 3 6 

Atmospheric Waves 3 3 3 

Captive Balloons 1844 8 19 8 

Varieties of the Human Race 

1844 7 6 3 

Statistics of Sickness and 
Mortality in York 12 0 0 


£686 16 0 
£2 



GENERAL STATEMENT. 


1847. 

*£ 

Compatation of the Gaussian 


Constants for 1829 50 

Habits of Marine Animals ... 10 

Physiological Action of Modi- 

cines 20 

Marine Zoology of Cornwall 10 

Atmospheric Waves 6 

Vitality of Seeds 4 

Maintaining the Establish- 


ment at kew Observatory 107 


8. d, 

0 0 
0 0 

0 0 
0 0 
9 a 

7 7 

8 6 


£208 5 4 


1852. 

£ 8. d. 

Maintaining the Establish- 
ment at Kew Observatory 
(including balance of grant 


for 1860) 233 17 8 

Experiments on the Conduc- 
tion of Heat 5 2 9 

Influence of Solar Ibidiations 20 0 0 
Geological Map of Ireland ... 15 0 0 
Itesearches on the British An- 
nelida 10 0 

Vitality of Seeds 10 6 

Strength of Boiler Plates 10 0 


1848. 

Maintaining the Establish- 
ment at Kew Observatory 171 15 11 

Atmospheric Waves 5 10 9 

Vitality of Seeds 9 15 0 

Completion of Catalogue of 

Stars 70 0 0 

On Colouring Matters 6 0 0 

On Growth of Plants 15 0 0 


£276 1 8 


1849. 

Electrical Observations at 

Kew Observatory 50 0 0 

Maintaining the Establish- 
ment at ditto 76 2 5 

Vitality of Seeds 5 8 1 

On Growth of Plants 6 0 0 

Kegistration of Periodical 

Phenomena 10 0 0 

Bill on Account of Anemo- 
metrical Observations 13 9 0 


£159 19 6 

1860. 

Maintaining the Establish- 
ment at Kew Observatory 2.55 18 0 


Transit of Earthquake Waves 60 0 0 

Periodical Phenomena 15 0 0 

Meteorological Instruments, 

Azores 25 0 0 


£345 18 0 

1861. 

Maintaining the Establish- 
ment at Kew Observatory 
(including part of grant in 


1849) 309 2 2 

Theory of Heat 20 1 1 

Periodical Phenomena of Ani- 
mals and Plants 5 0 0 

Vitality of Seeds 6 6 4 

Influence of Solar Radiation 30 0 0 

Ethnological Inquiries 12 0 0 

Researches on Annelida 10 0 0 


£391 9 7 


£304 6 7 


1853. 

Maintaining the Establish- 
ment at Kew Observatory 165 0 0 


Experiments on the Influence 

of Solar Radiation 15 0 0 

Researches on the British 

Annelida 10 0 0 

Dredging on the East Ck)ast 

of Scotland 10 0 0 

Ethnological Queries 5 0 0 


£205 0 0 


1854. 

Maintaining the Establish- 
ment at Kew Observatory 
(including balance of 

former grant) 330 15 4 

Investigations on Flax 11 0 0 

Effects of Temperature on 

Wrought Iron 10 0 0 

Kegistration of Periodical 

Phenomena 10 0 0 

British Annelida 10 0 0 

Vitality of Seeds 5 2 3 

Conduction of Heat 4 2 0 


£380 19 7 

1865. 

Maintaining the Establish- 
ment at kew Observatory 426 0 0 


Earthquake Movements 10 0 0 

Physical Aspect of the Moon 11 8 6 

Vitality of Seeds 10 7 11 

Map of the World 16 0 0 

Ethnological Queries 6 0 0 

Dredging near Belfast 4 0 0 


£ 4^0 1 ^ 4 

1866. 

Maintaining the Establish- 
ment at Kew Observa- 
tory:— 

1854., 

1866.. 


.£ 76 0 0 1 . 

,£600 0 oj ° ® 


O M O 



GRANTS OF MONEY. 


ci 


£ s. d, 

Strickland’s Ornithological 


Synonyms 100 0 0 

Dredging and Dredging 

Forms 9 13 9 

Chemical Action of Light ... 20 0 0 

Strength of Iron Plates 10 0 0 

Registration of Periodical 

Phenomena 10 0 0 

Propagation of Salmon 10 0 0 


• £734 13 9 1 


1867. 

Maintaining the Establish- 


ment at Kew Observatory 360 0 0 | 
Earthquake Wave Experi- 
ments 40 0 0 * 

Dredging near Belfast 10 0 0 | 

Dredging on the West Coast 

of Scotland 10 0 0 i 

Investigations into tlie Mol- 

lusca of California 10 0 0 j 

Experiments on Flax 6 0 0; 

Natural History of Mada- 
gascar 20 0 0 

Researches on British Anne- 
lida 26 0 0 

Report on Natural Products 
imported into Liverpool ... 10 0 0 

Artificial Propagation of Sal- 
mon 10 0 0 

Temperature of Mines 7 8 0 

Thermometers for Subterra- 
nean Observations 6 7 4 

Life-lK)at8 6 0 0 


£607 16 4 


• 1868. 

Maintaining the Establish- 
ment at Kew Observatory 600 0 0 
Earthquake Wave Experi- 


ments 26 0 0 

Dredging on the West Coast 

of Scotland 10 0 0 

Dredging near Dublin 6 0 0 

Vitality of Seed 6 6 0 

Dredging near Belfast 18 13 2 

Report on the British Anne- 
lida 25 0 0 

Experiments on the produc- 
tion of Heat by Motion in 

Fluids 20 0 0 

Report on the Natural Pro- 
<1ucts imported into Scot- 
land 10 0 0 


£618 18 2 


1869. 

Maintaining the Establish- 
ment at Kew Observatory 600 0 0 
Dredging near Dublin 16 0 0 


£ «. d. 

Osteology of Birds 60 0 0 

Irish Tunicata /.... 6 0 0 

Manure Experiments .* 20 0 0 

British Medusidm 6 0 0 

Dredging Committee :... 6 0 0 

Steam -vessels’ Performance... 6 0 0 

Marine F.'una of South and 

West of Ireland 10 0 0 

Photographic Chemistry 10 0 0 

Lanarkshire Fossils 20 0 1 

Balloon Ascents 39 1 1 0 

£684 Tl' ~\ 


1860. 

Maintaining the Establish- 


ment at kew Observatory 600 0 0 

Dredging near Belfast 16 6 () 

Dredging in Dublin Bay 16 0 0 

Inquiry into the Performance 

of Steam- vessels 124 0 0 

Explorations in the Yellow 
Sandstone of Dura Den .. 20 0 0 

Chemico-mechanical Analysis 

of Rocks and Minerals 26 0 0 

Researches on the Growth of 

Plants 10 0 0 

Researches on the Solubility 

of Balts '. 30 0 0 

Researches on t he Constit uents 

of Manures 26 0 0 

Balance of Captive Balloon 
Accounts. 1 13 6 


£766 19 6 

1861. 


Maintaining the Establish- 


ment at Kew Observatory. . 

500 

0 

0 

Earthquake Experiments 

26 

0 

0 

Dredging North and East 




Coasts of Scotland 

23 

0 

0 

Dredging Committee : — 


• 


1860 ^50 0 0 \ 




1861 £22 0 0 / 


0 

u 

Excavations at Dura Den 

20 

0 

0 

Solubility of Salts 

2t» 

0 

0 

Steam- vessel Performance . . . 

160 

0 

0 

Fossils of liesmahagow 

16 

0 

0 

Explorations at Uriconium ... 

20 

0 

0 

Chemical Alloys 

20 

0 

0 

Classified Index to the Trans- 




actions 

100 

0 

0 

Dredging in the Mersey and 




Deo 

6 

0 

0 

Dip Circle 

30 

0 

0 

Photoheliographic Observa- 




tions 

60 

0 

0 

Prison Diet 

20 

0 

0 

Gauging of Water 

10 

0 

0 

Alpine Ascents 

6 

6 

10 

Constituents of Manures 

25 

0 

0 

£1111 

6 10 



Cll 


GENERAL STATEMENT. 


1862. 

A, 

Maintainii|? the Establish- 
ment at Kew Observatory 600 0 0 

Patent Laws 21 6 0 

Mollascaof N.-W. of America 10 0 0 

Natural History by Mercantile 

Marine 6 0 0 

Tidal Observations 25 0 0 

Photoheliomeier at Kew 40 0 0 

Photographic Pictures of the 

Sun 160 0 0 

Rocks of Donegal 26 0 0 

Dredging Durham and Norih- 

nniberland Coasts 25 0 0 

Connection of Storms 20 0 0 

Dredging North-east Coast 

of Scotland 6 0 6 

Ravages of Teredo 3 U 0 

Standards of Electrical Re- 
sistance 60 0 0 

Railway Accidents 10 0 0 

Balloon Committee 200 0 0 

Dredging Dublin Bay 10 0 0 

Dredging the Mersey 6 0 0 

Prison Diet 20 0 0 

Gauging of Water 12 10 0 

Steamships’ Performance 160 0 0 

Tliermo-elcctric Currents ... 6 -0 0 


£1203 16 6 


£ «. d. 

Thermo-electricity 16 0 0 

Anal 3 ^sis of Rocks 8 0 0 

Hydroida 10 0 0 


£1608 3 iO 


1864. 

Maintaining the Establish- 
ment at Eew Observatory.. 600 0 0 

Coal Fossils ..t. 20 0 0 

Vertical Atmospheric Move- 
ments 20 0 0 

Dredging, Shetland 76 0 0 

Dredging, Northumberland... 26 0 0 

Balloon Committee 200 0 0 

Carbon under pressure 10 0 0 

Standards of Electric Re- 
sistance 100 0 0 

Analysis of Rocks 10 0 0 

Hydroida 10 0 0 

Askbam’s Gift 60 0 0 

Nitrite of Amyle 10 0 0 

Nomenclature Committee ... 6 0 0 

Rain-gauges 10 16 8 

Cast-iron Investigation 20 . 0 0 

Tidal Observations in the 

Humber 60 0 0 

Spectral Rays 46 0 0 

Luminous Meteors 2i) 0 0 


£1280 1.5 8 


1863. 

Maintaining the Establish- 
ment at Kew Observatory... 
Balloon Committee deficiency 
Balloon Ascents (other ex- 
penses) 

Ratozoa 

Coal Fossils 

Herrings 

Granites of Donegal 

Prison Diet 

Vertical Atmospheric Move- 
ments 

Dredging Shetland 

Dredging North-e&st Coast of 

Scotland 

Dredging Northumberland 

and Durham 

DredgingCommittee Superin- 
tendence 

Steamship Performance 

Balloon Committee 

Carbon under pressure 

Volcanic Temperature 

Bromide of Ammonium 

Electrical Standards 

Electrical Construction and 

Distribution 

Luminous Meteors 

Kew Additional Buildings for 
Photoheliograph 


600 

0 

0 

70 

0 

0 

25 

0 

0 I 

26 

0 

0 

20 

0 

0 . 

20 

0 

0 i 

6 

0 

0 i 

20 

0 

0 : 

13 

0 

0 

60 

0 

0 . 

26 

0 

0 

17 

3 

10 

10 

0 

0 

100 

0 

0 

200 

0 

0 

10 

0 

0 , 

100 

0 

0 i 

8 

0 

0 , 

100 

0 

0 , 

40 

0 

0 ‘ 

17 

0 

0 1 

100 

0 

ol 


1865. 

Maintaining the Establish- 
ment at Kew Observatory.. 600 0 0 

Balloon Committee KX) 0 0 

Hydroida 13 0 0 

Rain-gauges «... 30 0 0 

Tidal Observations in the 

Humber 6 8 0 

Hexylic Compounds 20 0 0 

Amyl Compounds 20 0 0 

Irish Flora 26 0 0 

American Mollusca 3 9 0 

Organic Acids 20 0 0 

Lingula Flags Excavation ... 10 0 0 

Eurypterns 60 0 0 

Electrical Standards 100 0 0 

Malta Caves Researches 30 0 0 

Oyster Breeding 26 0 0 

Gibraltar Caves Researches... 160 0 0 

Kent’s Hole Excavations 100 0 0 

Moon’s Surface Observations 36 0 0 

Marine Fauna 26 0 0 

Dredging Aberdeenshire 25 0 0 

Dredging Channel Islands ... 60 0 0 

Zoological Nomenclature 5 0 0 

Resistance of Floating Bodies 

in Water 100 0 0 

Bath Waters Analysis 8 10 10 

Luminous Meteors ^ ^ 

£1691 7 10 



GRANTS OF MONEY. 


ciii 


1866. 

i, t. d. 

Maintaining the Establish- 
ment at Kew Observatory.. 600 0 0 ! 

Lunar Committee 61 13 4 

Balloon Committee 60 0 0 

Metrical Committee 60 0 0 

British Rainfall 60 0 0 

Kilkenny Coal Fields 16 0 0 

Alum Bay Fossil Leaf-bed ... 15 0 0 

Luminous Meteors 60 0 0 

Lingula Flags Bxcavatioir ... 20 0 0 
Chemical Constitution of 

Cast Iron 50 0 0 

Amyl Compounds 25 0 0 

Elect rical Standards 100 0 0 

Malta Caves Exploration 30 0 0 

Kent's Hole Exploration 200 0 0 

Marine Fauna, Ac., Devon ‘ 

and Cornwall 25 0 0 

DredgingAberdeenshireOoast 25 0 0 
Dredging Hebrides Coast ... 60 0 0 

Dredging the Mersey 5 0 0 

Resistance of Floating Bodies 

in Water 60 0 0 

Polycyanides of Organic Radi- 
cals 29 0 0 

Rigor Mortis 10 0 0 

Irish Annelida 16 0 0 

Catalogue of Crania 60 0 0 

Didine Birds of Mascarene 

Islands 50 0 0 

Typical Crania Researches ... 30 0 0 
Palestine Exploration Fund... 100 0 0 


£1760 13 4 


1867. 

Maintaining the Establish- 
ment at Kew Observatory 600 0 0 
Meteorological Instruments, 


Palestine 60 0 0 

Lunar Committee 120 0 0 

Metrical Committee 30 0 0 

Kent’s Hole Explorations ... 100 0 0 

Palestine Explorations 60 0 0 

Insect Fauna, Palestine 30 0 0 

British Rainfall 60 0 0 

Kilkenny Coal Fields 26 0 0 

Alum Bay Fossil Leaf-bed ... 25 0 0 

Luminous Meteors 50 0 0 

Bournemouth, Ac., I^af-l^s 80 0 0 

Dredging Shetland 76 0 0 

Bteamship Reports Condensa- 
tion 100 0 0 

Electrical Standards 100 0 0 

Ethyl and Methyl Series 25 0 0 

Fossil Crustacea 26 0 0 

Sound under Water 24 4 0 

North Greenland Fauna 76 0 0 

North Greenland Plant Beds. 100 0 0 
Iron and Steel Manufacture... 26 0 0 
?fttent Laws 30 0 0 


£1730 4 0 


1868. 

£ 8. d. 

Maintaining the E8tabli||i- 
ment at Kew Observatory. . . 600 0 0 


Lunar Committee 120 0 0 

Metrical Committee 60 0 0 

Zoolog im d Record 100 0 0 

Kent’s Hole Explorations 160 0 0 

Steamship Performances 100 0 0 

British Rainfall 60 0 0 

Luminous Meteors 60 0 0 

Organic Acids 60 0 0 

Fossil Crustacea 26 0 0 

Methyl Scries 26 0 0 

Mercury and Bile 25 0 0 

Organic Remains in Lime- 
stone Hocks 25 0 0 

Bcottisb Earthquakes 20 0 O 

Fauna, Devon and Cornwall .. 30 0 0 

British Fossil Carols 50 0 0 

Bagshot Leaf -beds 60 0 0 

Greenland Explorations 100 0 0 

Fossil Flora 26 0 0 

Tidal Observations 100 0 0 

Underground Temperature ... 60 0 0 

Hpectroscopic Investigations 

of Animal Substances 5 0 0 

Secondary Reptiles, Ac 30 0 0 

British Marine Invertebrate 
Fauna 100 0 0 


£1940 0 0 


1869. 

Maintaining the Establish- 
ment at Kew Observatory.. 600 0 0 


Lunar Committee 50 0 0 

Metrical Committee 25 0 0 

Zoological Record 100 0 0 

Committee on Gases in Deep- 

well Water 26 0 0 

British Rainfall 60 .0 0 

Thermal Conductivity of Iron, 

Ac. 30 0 0 

Kent’s Hole Explorations 160 0 0 

Steamship Performances .30 0 0 

Chemical Constitution of 

Cast Iron.. 80 0 0 

Iron and Steel Manufacture... 100 0 0 

Methyl Series 30 0 0 

Oiganic liemains in Lime- 
stone Bocks 10 0 0 

Earthquakes in Scotland 10 0 0 

British Fossil Corals 50 0 0 

Bagshot Leaf-beds 30 0 0 

Fossil Flora 26 0 0 

Tidal Observations 100 0 0 

Underground Temperature ... 30 0 0 

Spectroscopic Investigations 

of Animal Substances 6 0 0 

Organic Acids 12 0 0 

Kiltorcnn Fossils 2Q 0 0 



CIV 


GENERAL STATEMENT. 


£. s. d. 


Chemical Constitution and 
Physiological Action Rela- 
tions 

Mountain* Limestone Fossils 

UtiUdation of Sew^^o 

rrodacts of Digestion 


1.5 0 0 
26 0 0 
JO 0 0 
JO 0 0 


£1622 0 0 


£ 9. d. 

Fossil Coral Sections, for 


Photographing 20 0 0 

Bagshot Leaf-bSs 20 0 0 

Moab Explorations 100 0 0 

Gaussian Constants 40 0 0 


£1472 2 6 


1870. 

Maintaining the Establish- 
ment at Kew Observatory 600 0 0 

Metrical Committee 25 0 0 

Zoological Record 100 0 0 

Committee on Marine Fauna 20 0 0 

Ears in Fishes 10 0 0 

Chemical Nature of Cast 

Iron 80 0 0 

Luminous Meteors ,S0 0 0 

Heat in the Blood 1.5 0 0 

British Rainfall 100 0 0 

Thermal Conductivity of 

Iron, ko 20 0 0 

British Fossil Corals 50 0 0 

Kent’s Hole Explorations ... 160 0 0 

Scottish Earthquakes 4 0 0 

Bagshot Leaf-beds 16 0 0 

Fossil Flora 25 0 0 

Tidal Observations 100 0 0 

Underground Temperature ... 50 0 0 
Kiltorcan Quarries Fossils ... 20 0 0 
Mountain Limestone Fossils 25 0 0 

Utilisation of Sewage 60 0 0 

Organic Chemical Compounds .80 0 0 

Onny River Sediment 3 0 0 

Mechanical Equivalent of 
Heat 60 0 0 


£1672 0 0 


1871. 

Maintaining the R.stablish- 


inent at Kew Observatory 600 0 0 
Monthly Rei)ort.s of Progress 


in Chemistry 

100 

0 

0 

Metrical Committee 

26 

0 

0 

Zoological Record 

100 

0 

0 

Thermal Equivalents of 

the 



Oxides <if Chlorine .... 


0 

0 

Tidal Observation 


0 

0 

Fossil Flora 

26 

0 

0 

liiiminous Meteors 

.80 

0 

0 

British Fossil Corals 

25 

0 

0 

Heat in the Blood 

..... 7 

2 

6 

British Rainfall 

50 

0 

0 

Kent’s Hole Explorations 

... ino 

0 

0 

Fossil Crustacea 

25 

0 

0 

Methyl Compounds 

.... 26 

0 

0 

Lunar Objects 

.... 20 

0 

0 


1872. 

Maintaining the Establish- 


ment at Kew Observatory .800 0 0 

Metrical Committee 76 0 0 

Zoological Record 100 0 0 

Tidal Committee 200 0 0 

Carboniferous Corals 25 0 0 

Organic Chemical Compounds 25 0 0 

Exploration of Moab 100 0 0 

Terato-embi^ological Inqui- 
ries 10 0 0 

Kent’s Cavern Exploration ... 100 0 0 

Luminous Meteors 20 0 0 

Heat in the Blood 15 0 0 

Fossil Crustacea 25 0 0 

Fossil Elephants of Malta ... 25 0 0 

Lunar Objects 20 0 0 

Inverse Wave-lengths 20 0 0 

British Rainfall 100 0 0 

d’oisonous Substances Anta- 
gonism i 10 0 0 

Essential Oils, Chemical Con- 
stitution, &c 40 0 0 

Mathematical Tables 60 0 0 

Thermal Conductivity of Me- 
tals 26 0 0 


£1285 0 0 


1873. 

Zoological Record 100 0 0 

Chemistry Record 200 0 0 

Tidal Committee 400 0 0 

Sewage Committee 100 0 0 

Kent’s Cavern Exploration ... 160 0 0 

(Carboniferous Corals 25 0 0 

Fossil Elepliants 25 0 0 

Wave-lengths 150 0 0 

British Rainfall 100 0 0 

Essential Oils 30 0 0 

Mathematical Tables 100 0 0 

Gaussian Constants 10 0 0 

Sub-Wealden Explorations ... 25 0 0 

Underground Temperature ... 150 0 0 

Settle Cave Exploration 60 0 0 

Fossil Flora, Ireland 20 0 0 

Timber Denudation and Rain- 
fall 20 0 0 ' 

Luminous Meteors 30 0 0 


£1686 0 0 



GRANTS OF MOXEY. 


Zoological Record 100 0 0 

Ohemistiy Record' 100 0 0 

Mathematical Tables 100 0 0 

Rlliptic Functions 100 0 0 

Lightning Conductors 10 0 0 

Thermal Conductivity of 

Rocks 10 0 0 

Anthropological Instructions 60 0 0 
Kent’s Cavern Exploration... 150 0 0 

Luminous Meteors 30 0 0 

Intestinal Secretions 16 0 0 

British Rainfall 100 0 0 

Essential Oils 10 0 0 


Sub- Wealden Explorations... 26 0 0 

Settle Cave Exploration 60 0 0 

Mauritius Meteorology 100 0 0 

Magneti.s5ation of Iron 20 0 0 

Marine Organisms 30 0 0 

Fossils, North-West of Scot- 
land 2 10 0 

Physiological Action of Light 20 0 0 

Trades Unions 25 0 0 

Mountain Limestone Corals 25 0 0 

Erratic Blocks 10 0 0 

Dredging, Durham and York- 
shire Coasts 28 6 0 

High Temperature of Bodies 30 0 0 

Siemens’s Pyrometer 3 6 0 

Labyrinthodonts of Coal- 
measures 7 15 0 

£1151 16 0 

1876. 

Elliptic Functions 100 0 0 

Magnetisation of Iron 20 0 0 

British Rainfall 120 0 0 

Luminous Meteors 30 0 0 

Chemistry Record 100 0 0 

Specific Volume of Liquids... 25 0 0 
Estimation of Potash and 

Phosphoric Acid 10 0 0 

Isometric Crcsols 20 0 0 

vSub-Wealden Explorations ... 100 0 0 
Kent’s Cavern Exploration... 100 0 0 

t'cl tie Cave Exploration 60 0 0 i 

Earthquakes in Scotland 16 0 0 ! 

Underground Waters 10 0 0 

Development of Myxinoid 

Fishes 20 0 0 

^^'ological Record 100 0 0 

Instructions for Travellers ... 20 0 0 ■ 

Intestinal Secretions 20 0 0 

Palestine Exploration 100 0 0 

£1)60 *0 0 1 

1876. —— — ! 

Minting Mathematical Tables 169 4 2 i 

British Rainfall 100 0 0 ! 

Ohm’s Law 0 15 o' 

Tide Calculating Machine ... 200 0 0 I 
ppecifip Yplmxje of Liquids... 26 0 0 1 


i £ t. d. 

£. Isomeric Cresols 10 0 0 

0 "I Action of Ethyl Bromobuty- 
0 ; rate on Ethyl Sodaceto- • 

0 acetate 6 0 0 

0 Estimation of Potash and 

0 Phosphoric Acid 13 0 0 

Exploration of Victoria Cave 100 0 0 

0 Geological Record 100 0 0 

0 Kent’s Cavern Exploration... 100 0 0 

0 Thermal Conductivities of 

0 Rocks 10 0 0 

0 Underground Waters 10 0 0 

0 Earthquakes in Scotland 110 0 

0 Zoological Record *100 0 0 

0 Close Time 6 0 0 

0 Physiological Action of 

0 Sound 26 0 0 

0 Naples Zoological Station ... 76 0 0 

0 Intestinal Secretions 16 0 0 

Physical Characters of Tnha- 
0 I bitants of Britisli Isles 13 16 C 


Measuring Speed of Ships ... 10 

Effect of Propeller on turning 
of Steam-vessels 6 


I 1877. 

I Liquid Carbonic Acid in 

Minerals 20 0 0 

Elliptic Functions 260 0 0 

Thermal Conductivity of 

Rocks 9 11 7 

Zoological Record 100 0 0 

Kent’s Cavern 100 0 0 

Zoological Station at Naples 76 0 0 

Luminous Meteors 30 0 0 

Elasticity of Wires 100 0 0 

Dipterocarpese, Report on ... 20 0 0 

Mechanical Equivalent of 

Heat 36 0 0 

Double Compounds of Cobalt 

and Nickel 8 0 0 

Underground Temperature... 50 0.0 

Settle Cave Exploration 100 0 0 

Underground Waters in New 

Red Sandstone 10 0 0 

Action of Ethyl Bromoliuty- 
rate on Etliyl Sodaccto- 

acetate 10 0 0 

British Earthworks 25 0 0 

Atmospheric Electricity in 

India 15 0 0 

Development of Light from 

Coal-gas 20 0 0 

Estimation of Potash and 

Phosphoric Acid 1 18 0 

Geological Record 100 0 0 

Anthropometric Committee 34 0 0 

Physiological Action of Phos- 
phoric Acid, &c 15 0 0 

£1128 '9 7 



GSNEBAL STATVM^. 


<f9i 


1878. 

£ i. d. 

Exploration of Settle OaveB... 100 0 0 

Geological Record 100 0 0 

Investigation of Folse Pheno- 
mena by means of Siphon 

Recorder 10 0 0 

Zoological Station at Naples 75 0 0 
Investigation of Underground 

Waters 15 0 0 

Transmission of Electrical 
Impulses through Nerve 

Structure 30 0 0 

CnIeulatioD of Factor Table 

for Fourth Million 100 0 0 , 

Anthropometric Committee... 66 0 0 
Composition and Structure of 

less-known Alkaloids 25 0 0 

Exploration of Kent’s Cavern 50 0 0 

Zoological Record 100 0 0 

Fermanagh Caves Explora- 
tion 16 0 0 

Thermal Conductivity of 

Rocks 4 16 6 

Luminous Meteors 10 0 0 

Ancient Earthworks 25 0 0 

£725 16 6 


1879. 


Table at the Zoological 

Station, Naples 76 0 0 

Miocene Flora of the Basalt 
of the North of Ireland ... 20 0 0 
Illustrations for a Monograph 

on the Mammoth 17 0 0 

Record of Zoological Litera- 
ture 100 0 0 

Composition and Structure of 

less-known Alkaloids 25 0 0 

Exploration of Caves in 

Borneo 60 0 0 

Kent’s Cavern Exploration... 100 0 0 
Record of the Progress of 

Geology 100 0 0 

Fermanagh Caves Exploration 5 0 0 
Electrolysis of Metallic Solu- 
tions and Solutions of 

Compound Sails 25 0 0 

Anthropometric Committee... 50 0 0 
Natural History of Socotra ... 100 0 0 
Calculation of Factor Tables 
for 6th and 6th Millions ... 160 0 0 

Underground Waters 10 0 0 

Steering of Screw Steamers... 10 0 0 
Improvements in Astrono- 
mical Clocks 30 0 0 

Marine Zoology of South 

Devon 20 0 0 

Determination of Mechanical 
BqnivaleQt of Heat 12 16 Q 


£ t. d. 

Specific Inductive Capacity 

of Sprengel Vacuum 40 0 0 

Tables of Sun-heat Co- 
efficients 30 0 0 

Datum Level of the Ordnance 

Survey 10 0 0 

Tables of Fundamental In- 
variants of Algebraic Forms 36 14 9 
Atmospheric Electricity Ob- 
servations in Madeira 15 0 0 

Instrument for Detecting 

Fire-damp in Mines 22 0 0 

Instruments for Measuring 

the Speed of Ships .17 1 8 

Tidal Observations in the 
English Channel 10 0 0 


/1080 11 11 


1880. 


New Form of High Insulation 

Key 10 0 0 

Underground Temperature ... 10 0 0 

Determination of the Me- 
chanical Equivalent of 

Heat 8 6 0 

Elasticity of Wires 60 0 0 

Luminous Meteors 30 0 0 

Lunar Disturbance of Gravity 30 0 0 

Fundamental Invariants 8 6 0 

Laws of Water Friction 20 0 0 

Specific Inductive Capacity 

of Sprengel Vacuum 20 0 0 

Completion of Tables of Sun- 

heat Coefficients 60 0 0 

Instrument for Detection of 

Fire-damp in Mines 10 0 0 

Inductive Capacity of Crystals 

and Paraffines 4 17 7 

Report on Carboniferous 

Folyzoa 10 0 0 

Caves of South Ireland 10 0 0 

Viviparous Nature of Ichthyo- 
saurus 10 0 0 

Kent’s Cavern Exploration.,. 60 0 0 

Geological Record 100 0 0 

Miocene Flora of the Basalt 

of North Ireland 15 0 0 

Underground Waters of Per- 
mian Formations 6 0 0 

Record of Zoological Litera- 
ture 100 0 0 

Table at Zoological Station 

at Naples 76 0 0 

Investigation of the Geology 

and Zoology of Mezioo 60 0 0 

Anthropometry 60 0 0 

Patent Laws 5 0 0 


£781 7 7 



GRAim OF MOKET. 


cyii 


IMl. 


1883. 


t ». d. 

Lanar Distnrbanoe of Gravity 80 0 0 
Underground Temperature ... 20 0 0 


Electrioal Standards 25 0 0 

High Insulation Key 6 0 0 

Tidal Observations 10 0 0 

Specific Refractions* 7 8 1 

Fossil Polyzoa 10 0 0 

Underground Waters 10 0 0 

Earthquakes in Japan 25 0 0 

Tertiary Flora 20 0 0 


Scottish Zoological Station ... 50 0 0 
Naples Zoological Station ... 75 0 0 
Natural History of Socotra ... 50 0 0 
Anthropologicsd Notes and 


Queries 9 0 0 

Zoological Record 100 0 0 

Weights and Heights of 
Human Beings 30 0 0 

£476 3 1 


1882. 

Exploration of Central Africa 100 0 0 
Fundamental Invariants of 


Algebraical Forms 76 1 11 

Standards for Electrical 

Measurements 100 0 0 

Calibration of Mercurial Ther- 
mometers 20 0 0 

Wave-length Tables of Spec- 
tra of Elements 50 0 0 

Photographing Ultra-violet 

Spark Spectra 25 0 0 

Geological Record 100 0 0 

Earthquake Phenomena of 

Japan 25 0 0 

Conversion of Sedimentary 
Materials into Metamorphic 

Rocks 10 0 0 

Fossil Plants of Halifax 15 0 0 

Geological Map of Europe ... 25 0 0 
Circulation of Underground 

Waters 15 0 0 

Tertiary Flora of North of 

Ireland 20 0 0 

British Pol3woa 10 0 0 

Exploration of Caves of South 

of Ireland 10 0 0 

Explorationof^ygill Fissure 20 0 0 
Naples Zoological Station ... 80 0 0 
Albuminoid Substances of 

Herum 10 0 0 

Elimination of Nitrogen by 

Boaily Exercise 60 0 0 

Migration of Birds 15 0 0 

NaturalHistoryof Socotra... 100 0 0 
Natural History of Timor-laut 100 0 0 
Record of Zoological Litera- 

100 0 0 

Anthropometric Committee... 50 0 0 


£1126 1 11 


Meteorological Observatione 


on Ben Nevis 80 0 0 

Isomerio Naphthalene Deri- 
vatives.... 15 0 0 

Earthquake Phenomena of 

Japan 60 0 0 

Fossil Plants of Halifax 20 0 0 

British Fossil Polyzoa 10 0 0 

Fossil Phyllopoda of Paleo- 
zoic Ro^ 25 0 0 

Erosion of Sea-coast of Eng- 
land and Wales 10 0 0 

Circulation of Underground 

Waters 15 0 0 

Geological Record 50 0 0 

Exploration of Caves in South 

of Ireland 10 0 0 

Zoological Literature Record 100 0 0 

Migration of Birds 20 0 0 

Zoological Station at Naples 80 0 0 
Scottish Zoological Station... 25 0 0 

Elimination of Nitrogen by 

Bodily Exercise. 88 3 3 

Exploration of Mount Kili- 

ma-njaro 600 . 0 0 

Investigation of Loughton 

Camp 10 0 0 

NaturalHistoryof Timor-laut 50 0 0 

Screw Gauges .1 5 0 0 


E1083 3 3 


1884.* 

Meteorological Observations 

on Ben Nevis 50 0 0 

Collecting and Investigating 

Meteoric Dust 20 0 0 

Meteorological Observatory at 

Chepstow 25 0 0 

Tidal Observations 10 0 0 

Ultra Violet Spark Spectra ... 8 4 0 

Earthquake Phenomena of 

Japan 75 0.0 

Fossil Plants of Hali&x 15 0 0 

Fossil Polyzoa 10 0 0 

Eiratic Blocks of England ... 10 0 0 
Fossil Phyllopoda of Palaeo- 
zoic Rocks 16 0 0 

Circulation of Underground 

Waters 6 0 0 

International Geological Map 20 0 0 
Bibliography of Groups of 

Invertebrata 60 0 0 

Natural History of Timor-laut ,50 0 0 
Naples Zoological Station ... 80 0 0 
Exploration of Mount Kili- 

ma-njaro. East Africa 600 0 0 

Migration of Birds 20 0 0 

Coagulation of Blood 100 0 0 

Zoological Literature Record 100 0 0 
Anthropometric Committee... 10 0 0 



CVlll 


GENERAL STATEMENT. 


1885. 

Synoptic Chart of Indian 

Oceaif 

Redaction of Tidal Observa- 
tions. ...s. 

Calculating Tables in Theory 

of Numbers 

Meteorological Observations 


Vapour Pressures, &c., of Salt 

Solutions 

Physical Constants of Solu- 
tions 

Volcanic Phenomena of Vesu- 


Earthquake Phenomena of 

Japan 

Fossil Phyllopodaof PalaQOzoic 

Hocks 

Fossil Plants of British Ter- 


Circulation of Underground 

Waters 

Naples Zoological Station 


Exploration of Mount Kilima- 
njaro 

Recent Polyzoa 

Granton Biological Station ... 
Biological Stations on Coasts 

of United Kingdom 150 

Exploration of New Guinea... 200 
Exploration of Mount Roraima 100 

£1386 





( 

£ 

g. 

£. 

£ 

s. 

a. 

1 Migration of Birds 

30 

0 

0 

i 



1 Secretion of Urine 

10 

0 

0 

60 

0 

0 

> Exploration of New Guinea... 

160 

0 

0 




Regulation of Wages under 




10 

0 

0 

Sliding Scales 

10 

0 

0 




Prehistoric r.ace in Greek 




100 

0 

0 

Islands 

20 

0 

0 




North-Western Tribes of Ca- 




60 

0 

0 

nada 

60 

0 

0 

70 

0 

0 

£996 

T 

~6 

25 

0 

0 

■i 







1887. 




20 

0 

u 

Solar Radiation 

18 10 

0 

25 

0 

0 

Electrolysis 

30 

0 

0 

16 

0 

0 

Ben Nevis Observatory 

76 

0 

0 




Standards of Light (1886 




70 

0 

0 

grant) 

20 

0 

0 




Standards of Light (1887 




25 

0 

0 

grant) '. 

10 

0 

0 




Harmonic Analysis of Tidal 




50 

0 

0 

Observations 

15 

0 

0 

60 

0 

0 

Magnetic Observations 

26 

2 

0 




Electrical Standards 

50 

0 

0 

10 

0 

0 

Silent Discharge of Electricity 

20 

0 

0 

100 

0 

0 

Absorption Spectra 

40 

0 

0 

100 

0 

0 

Nature of Solution 

20 

0 

0 

30 

0 

0 

Influence of Silicon on Steel 

30 

0 

0 




Volcanic Phenomena of Vesu- 




26 

0 

0 

vius 

20 

0 

0 

10 

0 

0 

Volcanic Phenomena of Japan 




100 

0 

0 

(1886 grant) 

60 

0 

0 


0 0 
0 0 
0 0 

'o~o 


Volcanic Phenomena of Japan 

(1887 grant) 60 0 0 

Cae Gwyn Cave, N. Wales ... 20 0 0 

Erratic Blocks 10 0 0 

Fossil Fhyllopoda 20 0 0 

Coal Plants of Halifax 26 0 0 


1886. 

Electrical Standards..... 40 0 0 

Solar Radiation 9 10 6 

Tidal Observations 50 0 0 

Magnetic Observations 10 10 0 

Observations on Ben Nevis ... 100 0 0 
Physical and Chemical Bear- 
ings of Electrolysis 20 0 0 

Chemical Nomenclature 6 0 0 

Fossil Plants of British Ter- 
tiary and Secondary Beds... 20 0 0 

Caves in North Wales 26 0 0 

Volcanic Phenomena of Vesu- 
vius 80 (> 0 

Geological Record 100 0 0 

Paleozoic Phyllopoda 15 0 0 

Zoological Literature Record. 100 0 0 
Grantoi) Biological Station ... 76 0 .0 

Naples Zoological Station 60 0 0 

Researches in Food-Fishes and 
Invertebrata at St. Andrews 76 0 0 


Microscopic Structure of the 

Rocks of Anglesey 10 0 0 

Exploration of the Eocene 
Beds of the Isle of Wight... 20 0 0 

Underground Waters 6 0 0 

‘ Manure * Gravels of Wexford 10 0 0 
Provincial Museums Reports 5 0 0 

Lymphatic System 25 0 0 

Naples Biological Station ..; 100 0 0 
Plymouth Biological Station 50 0 0 
Granton Biological Station ... 75 0 0 

Zoological Record 100 0 0 

Flora of China 75 0 0 

Flora and Fauna of the 

Cameroons 75 0 0 

Migration of Birds ,S0 0 0 

Bathy-hypsographical Map of 

British Isles 7 6 0 

Regulation of Wages 10 0 0 

Prehistoric Race of Greek 

Islands 20 0 0 

Racial Photographs, Egyptian 20 0 0 


£1186 18 0 



GRANTS OF MONEY. 


1888. 

£ s, d. 

Ben Nevis Observatory 160 0 0 

Electrical Standards 2 G 4 

Magnetic Observations 15 0 0 

Standards of Light 79 2 3 

Electrolysis 30 0 0 

Uniform Nomenclature in 

Mechanics 10 0 0 

Silent Dischaige of Elec- 
tricity 9 11 10 

Properties of Solutions 26 0 0 

Influence of Silicon on Steel 20 0 0 

Methods of teaching Chemis- 
try 10 0 0 

Isomeric Naphthalene Deriva- 
tives 25 0 0 

Action of Light on Hydracid 1 20 0 0 

Sea Beach near Bridlington... 20 0 0 

Geological Record 50 0 0 

Manure Gravels of Wexford... 10 0 0 

Erosion of Sea Coasts 10 0 0 

Underground Waters 6 0 0 


Falseontographical Society ... 50 0 0 
Pliocene Fauna of St. Erth... 50 0 0 
Carboniferous Flora of Lan- 
cashire and West Yorkshire 25 0 0 
Volcanic Phenomena of Vesu- 


vius 20 0 0 

Zoology and Botany of West 

Indies 100 0 0 

Flora of Bahamas 100 0 0 

Development of Fishes — St. 

Andrews 60 0 0 

Marine Laboratory, Plymouth 100 0 0 

Migration of Birds 30 0 0 

Flora of China 76 0 0 

Naples Zoological Station ... 100 0 0 

Lymphatic System 25 0 0 

Biological Station at Qranton 60 0 0 
Peradeniya Botanical Station 50 0 0 
Development of Teleostei ... 16 0 0 

Depth of Frozen Soil in Polar 

Regions 5 0 0 

Precious Metals in Circulation 20 0 0 
Value of Monetary Standard 10 0 0 
Effect of Occupations on Phy- 
sical Development 25 0 0 

North-Western Tribes of 

Canada 100 0 0 

Prehistoric Race in Greek 
Islands 20 0 0 


£1611 0 6 

1889. 


Ben Nevis Observatory 50 0 0 

Electrical Standards 76 0 0 

Electrolysis 20 0 0 

Surface Water Temperature... 80 0 0 

Silent Discharge of Electricity 
on Oxygen 6 4 8 


£ $. d. 

Methods of teaching Chemis- 
try 10 0 0 

Action of Light on Hydracids 10 . 0 0 

Geological Record 80 0 0 

Volcanic Phenomena of Japfin 25 0 0 

Volcanic Phenomena of Vesu- 
vius 20 0 0 

Palaeozoic Phyllopoda 20 0 0 

Higher Eocene Beds of Isle of 

Wight.... 16 0 0 

West Indian Explorations ... 100 0 0 

Flora of China 26 0 0 

Naples Zoological Station ... 100 0 0 

Physiology of Lymphatic 

System 26 0 0 

Experiments with a Tow-net 6 16 3 
Natural History of Friendly 

Islands 100 0 0 

Geology and Geography of 

Atlas Range 100 0 0 

Action of Waves and Currents 

in Estuaries 100 0 0 

North-Western Tribes of 

Canada 1.60 0 0 

Nomad Tribes of Asm Mioor 30 0 0 

Corresponding Societies 20 0 0 

Marine Biological Association 200 0 0 
* Baths Committee,' Bath 100 0 0 

£1417 oil 


1890. 

Electrical Standards 12 17 0 

Electrolysis 6 0 0 

Electro-optics 50 0 0 

Mathematical Tables 25 0 0 

Volcanic and Seismological 

Phenomena of Japan 76 0 0 

Pclb’an Equation Tables 16 0 0 

Properties of Solutions 10 0 0 

International Standard for the 
Analysis of Iron and Steel 10 0 0 
Influence of the Silent Dis- 
charge of Electricity on 

Oxygen 5 0 0 

Methods of teaebingChemistry 10 0 0 
Recording Results of Water 

Analysis 4 1 0 

Oxidation of Hydracids in 

Sunlight 15 0 0 

Volcanic Phenomena of Vesu- 
vius 20 0 0 

Palaeozoic Phyllopoda 10 0 0 

Circulation of Underground 

Waters 5 0 0 

Excavations at Oldbury Hill 15 0 0 

Cretaceous Polyzoa 10 0^ 0 

Geological Photographs 7 14 11 

Lias Beds of Northampton ... 26 0 0 
Botanical Station at Perade- 
niya 26 0 0 



cx 


GENERAL STATEMENT. 


Experiments with a Tow- 

net 4 

Naples Zoological S^tion ... 100 
Zodog^ and Botany of the 

West India Islands 100 

Marine Biological Association 30 
Action of Waves and Currents 

in Estuaries 150 

Graphic Methods in Mechani- 
cal Science 11 

Anthropometric Calculations 6 
Nomad Tribes of Asia Minor 25 
Corresponding Societies 20 

£79fl6~~8 


3 9 
0 0 

0 0 
0 0 

0 0 

0 0 
0 0 
0 0 
0 0 


1891. 

Ben Nevis Observatory, 50 


£ i. d. I 1892. 

£ s, a. 

Observations on Ben Nevis ... 60 0 0 
Photographsof Meteorological 

Phenomena 16 0 0 

Pellian Equation Tables 10 0 0 

Discharge of Electricity from 

Points 50 0 0 

Seismological Phenomena of 

Japan 10 0 0 

Formation of Haloids 12 0 0 

Properties of Solutions 10 0 0 

Action of Light on Dyed 

Colours 10 0 0 

Erratic Blocks 15 0 0 

Photographs of Geological 

Interest 20 0 0 

j. Underground Waters 10 0 0 

Investigation of Elbolton 

Cave 25 0 0 

Excavations at Oldbuiy Hill 10 0 0 


0 0 


'‘5? w o o 

Electrolysis.....^. 5 0 0 1 Zoological Station ... 100 0 0 

Marine Biolo^cal Association 17 10 0 


0 
0 0 

0 0 


0 0 
0 0 
0 0 


Seismological Phenomena of 

Japan 10 0 

Temperatures of Lakes 20 0 

Photographsof Meteorological 

Phenomena 6 

Discharge of Electricity from 

Points 10 

Ultra Violet Rays of Solar 

Spectrum 60 

International Standard for 
Analysis of Iron and Steel. . . 10 

Isomeric Naphthalene Deriva- 
tives 26 0 

Formation of Haloids 26 0 

Action of Light on Dyes 17 10 

Geological Record 100 0 

Volcanic Phenomena of Vesu- 
vius 10 

Fossil Iliyllopoda 10 

Photographs of Geological 

Interest 9 

Lias of Northamptonshire ... 26 
Registration of Type-Speci- 
mens of British Fossils 6 

Investigation of Elbolton Cave 26 
Botanical Station at Pera- 

deniya 60 

Experiments with a Tow-net 40 
Marine Biological Association 12 10 0 
Disappearance of Native 

Plants 6 0 0 

Action of Waves and Currents 

in Estuaries 126 0 0 

Anthropometric Calculations 10 0 0 
New Edition of 'Anthropo- 
logical Notes and Queries ' 50 0 0 
North • Westem Tribes of 

Canada 200 0 0 

Corresponding Societies 26 0 0 


Tow-net 40 0 0 

Faum of Sandwich Islands... 100 0 0 
Zoology and Botany of West 

India Islands 100 

Climatology and Hydrography 

of Tropical Africa 

Anthropometric Laboratory... 
Anthropological Notes and 


0 0 


50 

5 


20 0 0 

Prehistoric Remains in Ma- 

shonaland 50 0 0 

North - Western Tribes of 

Canada 100 0 0 

Corresponding Societies 26 0 0 

£ 864 ~ 10 0 


£1029 10 0 


1893. 

Electrical Standards 25 0 0 

Observations on Ben Nevis... 150 0 0 

Mathematical Tables 15 0 0 

Intensity of Solar Radiation 2 8 6 
Magnetic Work at the Fal- 
mouth Observatory 25 0 0 

Isomeric Naphthalene Deri- 
vatives 20 0 0 

Erratic Blocks 10 0 0 

Fossil Phyllopoda 6 0 0 

Underground Waters 6 0 0 

Shell-bearing Deposits at 

Clava, Chapelhall, Ac 20 0 0 

Eurypterids of the Pentland 

Hills.^ 10 0 0 

Naples Zoological Station ... 100 0 0 

Marine Biological Association 30 0 0 

Fauna of Sandwich Islanda 100 0 0 

Zoology and Botany of West 
India Islands 60 0 0 



(JttANtS 0^ MONEV. 


CXI 


£ i, d. 

Exploration of Irish Sea 30 0 0 

Physiological Aotion of 

Oxygen in Asphyxia 20 0 0 

Index iA Genera and Species 

of Animals 20 0 0 

Exploration of Karakoram 

Mountains 50 0 0 

Scottish Place-names 7 0 0 

Climatology and Hydro- 
graphy of Tropical Africa 60 0 0 

Economic Training 3 7 0 

Anthropometric Laboratory... 6 0 0 i 

Exploration in Abyssinia 25 0 0 I 

North-Western Tribes of I 

Canada 100 0 0 j 

Corresponding Societies 30 0 0 ' 


£907 15 6 


189L 

Electrical Standards 25 0 0 

Photographs of Meteorological 


Phenomena 10 0 0 

Tables of Mathematical Func- 
tions 15 0 0 

Intensity of Solar Radiation 6 6 6 

Wave-length Tables 10 0 0 

Action of Light upon Dyed 

Colours 6 0 0 

Erratic Blocks 16 0 0 

Fossil Phyllopoda 6 0 0 

Shell -be^ng Deposits at 

Glava, &c 20 0 0 

Eurypterids of the Pentland 


Hills 6 0 0 I 

New Sections of Stonesfield 


Slate 14 0 0 

Observations on Earth Tre- 
mors 60 0 0 

Exploration of Calf - Hole 

Gave.... 5 0 0 

Naples Zoological Station ... 100 0 0 

Marine Biological Association 6 0 0 

Z^oology of the Sandwich 

Islands 100 0 0 

Zoology of the Irish Sea 40 0 0 

StiTicture and Function of the 

Mammalian Heart 10 0 0 

Exploration in Abyssinia ... 30 0 0 

Economic Training 9 10 0 

Anthropometric Lalmratory 

Statistics 6 0 0 

Ethnographic^ Survey 10 0 0 

The L^e Village at Glaston- 
bury 40 0 0 

Anthropometrioal Measure- 
ments in Schools 5 0 0 

Mental and Physical Condi- 
tion of Children 20 0 0 

Corresponding SooieUes 25 0 0 


£883 16 6 


1895. 

£ s. £. 

Electrical Standards 5 0 0 

Biotographsof Meteorological » 

Ilienomena 10 0 0 

Earth Tremors 76 0 a 

Abstracts of Fhysfeal Papers 100 0 0 

Reduction of Magnetic Obser- 
vations made at Falmouth 

Observatory 50 0 0 

Comparison of Magnetic Stan- 
dards 25 0 0 

Meteorological Observations 

on Ben Nevis 50 0 0 

Wave-length Tables of the 
Bpectraof the Elements ... 10 0 0 

Action of Light upon Dyed 

Colours 4 6 1 

Formation of Haloids fiom 

Pure Materials 20 0 0 

Isomeric Naphthalene Deri- 
vatives 30 0 0 

Electrolytic Quantitative An- 
alysis 30 0 0 

Erratic Blocks 10 0 0 

Palseozoic Phyllopoda 5 0 0 

Photographs of Geological In- 
terest 10 0 0 

Shell-bearing Deposits at 

Clava^&c. 10 0 0 

Eurypterids of the Pentland 

HHls 3 0 0 

New Sections of Stonesfield 

Slate 60 0 0 

Exploration of Calf Hole Cave 10 0 0 

Nature and Probable Age of 

High-level Flint-drifts 10 0 0 

Table at the Zoological Station 

at Naples 100 0 0 

Table at the Biological labo- 
ratory, Plymouth 16 0 0 

Zoology, Botany, and Geology 

of the Irish Sea 35 9 4 

Zoology and Botany of the 

West India Islands 60 0 0 

Index of Genera and Species 

of Animals ’. 50 0 0 

Climatologyof Tropical Africa 6 0 0 

Exploration of Hadramut ... 60 0 0 

Calibration and Comparison of 
Measuring Instruments ... 25 0 0 

Anthropometric Measure- 
ments in Schools 5 0 0 

Lake Village at Glastonbury 30 0 0 

Exploration of a Kitchen- 

midden at Hastings 10 0 0 

Ethnographical Survey ...... 10 0 0 

Physiological AppUcations of 

the Phonograph 25 0,0 

Corresponding Societies 30 0 0 


£977 15 6 



cxil 


GENBEAL STATEMENT. 


1896. 

£ 8. d. 

VhotographKof Meteorological 


PhcnoTncna 15 0 0 

Seismological Observations... 80 0 0 
Abstracts of Physical Papers 100 0 0 
Calculation of certain Inte- 
grals 10 0 0 

Uniformity of Size of Pages of 

Transactions, &c 5 0 0 

Wave-length Tables of the 
Spectra of the Elements ... 10 0 0 

Action of Light upon Dyed 

Colours 2 6 1 

Electrolytic Quantitative Ana- 
lysis 10 0 0 

The Carbohydrates of Barley 

Straw 60 0 0 

Reprinting Discussion on the 
Relation of Agriculture to 

Science 6 0 0 

Erratic Blocks 10 0 0 

PalsBozoic Phyllopoda 6 0 0 

Shell-bearing Deposits at 

ClavBj&c. 10 0 0 

Eurypt^ds of the Pentland 

Hills 2 0 0 

Investigation of a Coral Beef 
by Boring and Sounding ... 10 0 0 

Examination of Locality where 
the Cetiosaurus in the Ox- 


ford Museum was found ... 25 0 0 
Palaeolithic Deposits at Hoxne 26 0 0 
Fauna of Singa^re Caves ... 40 0 0 
Age and Relation of Rocks 
near Moreseat, Aberdeen . 10 0 0 
Table at the Zoological Sta- 


tion at Naples 100 0 0 

Table at the Biological Labo- 
ratory, Plymouth 16 0 0 . 

Zoology, Botany, and Geology 

of the Iriab Sea 60 0 0 

Z^K>logy of the Sandwich Is- 

lands 100 0 0 

African Lake Fauna 100 0 0 

Oysters under Normal and 

Abnormal Environment ... 40 0 0 

Climatology of Tropical Africa 10 0 0 

Calibration and Comparison of 

Measuring Instruments 20 0 0 

Small Screw Gauge 10 0 0 

North-Western Tribes of 

Canada 100 0 0 

Lake Village at Glastonbury . 30 0 0 

Ethnographical Survey 40 0 0 

Mental and Physical Condi- 
tion of Children 10 0 0 

Physiological Applications of 

the Phonograph 25 0 0 

Corresponding Societies Com- 
mittee... 30 0 0 


;£1104«6 1 


1897. 

£ 8. d. 

Mathematical Tables 25 0 0 

Seismological Observations... 100 0 0 
Abstracts of Physical Papers 100 0 0 
Calculation of certain In- 
tegrals 10 0 0 

Electroly.sis and Electro- 
chemistry 60 0 0 

Elect roly tic Quanti t ative Ana- 

ly.sis 10 0 0 

Isomeric Naphthalene Deri- 
vatives 50 0 0 

Erratic Blocks 10 0 0 

Photographs of Geological 

Interest 15 0 0 

Remains of tlic Irish Elk in 

the Isle of Man 16 0 0 

Table at the Zoological Sta- 
tion, Naples loo 0 0 

Table at the Biological La- 
boratory, Plymouth 9 10 8 

Zoological Bibliography and 

Publication 5 0 0 

Index Generum et S^fccierum 

Animalium 100 0 0 

Zoology and Botany of the 

West India Islands 40 0 0 

The Details of Observa- 
tions on the Migration of 

Birds 40 0 0 

Climatology of Tropical 

Africa 20 0 0 

Ethnographical Survey 40 0 0 

Mental and Physical Condi- 
tion of Children 10 0 0 

Silchester Excavation 20 0 0 

Investigation of Changes as- 
sociated with the Func- 
tional Activity of Nerve 
Cells and their Pcrijiheral 


I Extensions 180 0 0 

Oysters nnd Typhoid 30 0 0 

Physiological Applications of 

the Phonograph 15 0 0 

Physiological Effects of Pep- 
tone and its Precurbors iO 0 0 

Fertilisation in Phmophycem 20 0 0 
Corresponding Societies Com- 
mittee 26 0 0 


£1069 10 8 


1898. 

Electrical Standards 75 0 0 

Seismological Observations.. 76 0 0 

Abstracts of Physical Papers 100 0 0 

Calculation of certain In- 
tegrals ■ 10 0 0 

Electrolysis and Electro-chem- 
istry ; 36 0 0 

Meteorological Observatory at 
Montre^.... 50 0 0 



GRANTS C 
£ s, d. 

Wave-length Tables of the 
Spectra of the Elements ... 20 0 0 
Action of Light upon Dyed 


Colours 8 0 0 

Erratic Blocks 6 ^ 0 

Investigation of a Coral Reef 40 Cr lO 
Photographs of Geological 

Interest 10 0 0 

Life-zones in British Car- 
boniferous Rocks 15 0 0 

Pleistocene Fauna and Flora 

in Canada 20 0 0 

Table at the Zoological Sta- 
tion, Naples 100 0 0 

Table at the Biological La- 
boratory, Plymouth 14 0 0 

Index Genemm et Specierum 

Animalium 100 0 0 

Healthy and Unhealthy Oys- 
ters 30 0 0 

ClimatologyofTropicalAfrioa 10 0 0 
State Monopolies in other 

Countries 16 0 0 

Small Screw Gauge 20 0 0 

North-Western Tribes of 

Oanada 75 0 0 

Lake Village at Glastonbury 37 10 0 

Silchester &cavation 7 10 0 

Ethnological Survey of Canada 75 0 0 
Anthropology and Natural 


History of Torres Straits... 125 0 0 
Investigation of Changes asso- 
ciated with the Functional 
Activity of Nerve Cells and 
their Peripheral Extensions 100 0 0 
Fertilisation in Pheophycem 15 0 0 
Corresponding Societies Com- 


mittee 25 0 0 


£1212 0 0 


1899. 

Electrical Standaids 226 0 0 

Seismological Observations... 65 14 8 

Science Abstracts 100 0 0 

Heat of Combination of Metals 

in Alloys 20 0 0 

Radiation in a Magnetic Field 60 0 0 
Calculation of certain In- 

t^als 10 0 0 

Action of Light upon Dyed 

Colours 4 19 6 

Relation between Absorption 
Spectra and Constitution of 

Organic Substances 50 0 0 

Erratic Blocks 16 0 0 

Photographs of Geological 

Interest 10 0 0 

Remains of Irish Elk in the 

Isle of Man 15 0 0 

Pleistocene Flora and Fauna I 

in Canada 30 0 0 | 

1910. 


■ MONEY. cxiii 

£ s. d. 

Records of Disappearing Drift 
Section at Moel Try facn ... 5 0 0 

Ty Newydd Caves ^0 0 0 

Ossiferous Caves at Uphill ... 30 0 0 
Table at the Zoological Sta- 
tion, Naples 100 0 0 

Table at the Biological La- 
boratory, Plymouth 20 0 0 

Index Generum et Specierum 

Animalium 100 0 0 

Migration of Birds 16 0 0 

Apparatus for Keeping Aqua- 
tic Organisms under Definite 

Physical Conditions 15 0 0 

Plankton and Physical Con- 
ditions of the English Chan- 
nel during 1899 100 0 0 

Exploration of Sokotra 35 0 0 

Lake Village at Glastonbury 60 0 0 

Silchester Excavation 10 0 0 

Ethnological Survey of Canada 35 0 0 
New E^tion of * Anthropo- 
logical Notes and Queries * 40 0 0 

Age of Stone Circles 20 0 0 

Physiological Effects of Pep- 
tone 30 0 0 

Electrical Changes accom- 
panying Discharge of Re- 
spiratory Centres 20 0 0 

Influence of Drugs upon the 
Vascular Nervous System... 10 0 0 

Histological Changes in Nerve 

Cells 20 0 0 

Micro-chemistry of Cells .»... 40 0 0 
Histology of Suprarenal Cap- 
sules 20 0 0 

Comparative Histology of 

Cerebral Cortex 10 0 0 

Fertilisation in Phasophycese 20 0 0 

Assimilation in Plants 20 0 0 

Zoological and Botanical Pub- 
lication 5 0 0 

Corresponding Societies Com- 
mittee 25 0 Q 


£1430 14 2 


1900. 

Electrical Standards 25 0 0 

Seismological Observations... 60 0 0 
Radiation in a Magnetic Field 25 0 0 
Meteorological Ol^ervatory at 

Montreal 20 0 0 

Tables of Mathematical Func- 
tions 75 0 0 

Relation between Absorption 
Spectra and Constitution 

of Organic Bodies 30 0 0 

Wave-len^h Tables 5 0 0 

Electrolytic Quantitative 
Analysis 5 0 0 

g 
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£ s. d. 

Isomorphous Sulphonic De- 

rivtativcs of Benzene 20 0 0 

The Natui-e of Alloys 30 0 0 

Pbotogra-phs of Geological 

Interest 10 0 0 

Kemains of Elk in the Isle of 

Man 5 0 0 

Pleistocene Fauna and Flora 

in Canada 10 0 0 

Movements of Underground 

Waters of Craven 40 0 0 

Table at the Zoological Sta- 
tion, Naples 100 0 0 

Table at the Biological La- 
boratory, Plymouth 20 0 0 

Index Gencrum et Spccierum 

Animalium 50 0 0 

Migration of Birds 15 0 0 

Plankton and Physical Con^ 
ditions of the English 

Channel 40 0 0 

Zoology of the Sandwich 

Islands 100 0 0 

Coral Beefs of the Indian 

llegion 30 0 0 

Physical and Chemical Con- 
stanta of Sea-Water 100 0 0 

Future Dealings in Kaw 

Produce 2 10 0 

Silchester Excavation 10 0 0 

Ethnological Survey of 

Canada 50 0 0 

New Edition of ‘Anthropo- 
Jo^ical Notes and Queries ’ 40 0 0 

Photographs of Anthropo- 
logical Interest 10 0 0 i 

Mental and Physical Condi- 
tion of Children in Schools 5 0 0 
Etlinograpby of the Malay 

Peninsula 25 0 0 

Physiological Effects of Pep- 
tone 20 0 0 

Comparative Histology of 

Suprarenal Capsules 20 0 0 

Comparative Histology of 

Cerebral Cortex. 5 0 0 

Electrical Changes in Mam- 
malian Nerves 20 0 0 

Vascular Supply of Secreting 

Glands 10 0 0 

Fertilisation in PhaeophyccsB 20 0 0 
Corresponding Societies Com- 
mittee 20 0 0 

£1072~10 0 


1901. 

Electrical Standards 45 0 0 

Seismological Observations... 75 0 0 

Wave-length Tables 4 14 0 

Isoraorphous Sulphonic De- 
rivatives of Benzene 35 0 0 


£ t, d. 

Life-zones in British Car- 


I boniferous Rocks ‘-0 0 0 

Underground Water of North- 

wcvst Yorkshire •'>0 ^ ® 

Exploration of Irish Caves... 15 0 0 
Table at the Zoological Sta- 
tion, Naples 100 0 0 

Table at the Biological La- 
boratory, Plymouth 20 0 0 

Index Gencrum et Specieruih 

Animalium 75 0 0 

Migration of Birds 10 0 0 

Terrestrial Surface Waves ... 6 0. 0 

Changes of Land-level in the 

Phlegrsean Fields 50 0 0 

Legislation regulating Wo- 
men’s Labour 15 0 0 

Small Screw Gauge 45 0 0 

Resistance of Road Vehicles 

to Traction 75 0 0 

Silchester Excavation 10 0 0 

Ethnological Survey of 

Canada 30 0 0 

Anthropological Teaching ... 5 0 0 

Exploration in Crete 115 0 0 

Physiological Effects of Pep- 
tone 30 0 0 

Chemistry of Bone Marrow... 5 15 11 
Suprarenal Capsules in the 

Rabbit 5 0 0 

Fertilisation in Phseophycem 15 0 0 
Morphology, Ecology, and 
Taxonomy of Podostc- 

macesc 20 0 0 

Corresponding Societies Com- 
mittee. 15 0 0 


£920 9 11 


1902. 


Electrical Standards 40 0 0 

Seismological Observations... 35 0 0 
Investigation of the Upper 
Atmosphere by means of 

Kites 76 0 0 

Magnetic Observations at Fal- 
mouth 80 0 0 

Relation between Absorption 
Spectra and Organic Sub- 
stances 20 0 0 

Wave-length Tables 6 0 0 

Life-zones in British Car- 
boniferous Rocks 10 0 0 

Exploration of Irish Caves ... 45 0 0 

Table at the Zoological 

Station, Naples 100 0 0 

Index Generum et Specierum 

Animalium 100 0 0 

Migration of Birds 15 0 0 

Structure of Coral Reefs of 
Indian Ocean 50 0 0 
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jC s. d. 

Compound Ascidiaim of the 


Clyde Area 25 0 0 

Terrestrial Surface Waves ... 15 0 0 

Legislation regulating Wo- 
men’s Li'ibour 30 0 0 

Small Screw Gauge 20 0 0 

Resistance of Road Vehicles 

to Traction 50 0 0 

Ethnological Survey of 

Canada I*'* 0 0 

Age of Stone Circles 30 0 0 

Exploration in Crete 100 0 0 

Anthropometric Investigat ion 
of Native Egyptian Soldiers 16 0 0 

Excavations on the Roman 

Site at Gelligaer 6 0 0 

Changes in Haemoglobin ■ 15 0 0 
Work of Mammalian Heart 
under Influence of Drugs... 20 0 0 

Investigation of the Cyano- 

phyceae 10 0 0 

Reciprocal Influence of Uni- 
versities and Schools 5 0 0 

Conditions of Health essen- 
tial to carrying on Work in 

Schools 2 0 0 

Corresponding Societies Com- 
mittee 15 0 0 


£947 0 0 


I i *. a, 

! Anthroix)metry of the Todas 
I and other Tri bes of Southern 


I India 50 0 0 

I The State of Solution of Pro- • 

I teids 20 0 0 

Investigation of the Cyano- 

phyceic 25 0 0 

Respiration of Plants 12 0 0 

Conditions of Health essential 

I for School Instruction 5 0 0 

I Corresponding Societies Com- 
I mittee 20 0 0 


£845 13 ' 2 


1904. 

Seismological Observations... 40 0 0 
Investigation of the Upper 
Atmosphere by means of 


Kites 50 0 0 

Magnetic Observations at 

Falmouth 50 0 0 

Wave length Tables of Spectra 10 0 0 

Study of Hjdro-^matic Sub- 
stances : .T... 25 0 0 

Erratic Blocks 10 0 0 

Life-zones in British Car- 
boniferous Rocks 35 0 0 

Fauna and Flora of the 

Trias 10 0 0 

Investigation of Fossiliferous 


1903. 

Electrical Standards 35 0 0 

Seismological Observations... 40 0 0 
Investigation of the Upper 
Atmosphere by means of 

Kites 76 0 0 

Magnetic Observations at Fal- 
mouth 40 0 0 

Study of Hydro- aromatic Sub- 

sUinces 20 0 0 

Erratic Blocks 10 0 0 

Exploration of Irish Caves ... 40 0 0 
Underground Waters of North- 
west Yorkshire 40 0 0 

Life-zones in, British Car- 
boniferous Rocks 5 0 0 ! 

Geological Photographs 10 0 0 ^ 

Table at the Zoological Sta- | 

tion at Naples 100 0 0 ; 

Index Generum et Specicrum : 

Animalium 100 0 0 ' 

Tidal Bore, Sea Waves, and 

Be^hes 16 0 0 

Scottish National Antarctic 

Expedition 60 0 0 

Legislation affecting Women’s 

Uabour 25 0 0 

Researches in Crete 100 0 0 

Age of Stone Circles 3 13 2 

Anthropometric Investigation 6 0 0 


Drifts 50 0 0 

Table at the Zoological Sta- 
tion, Naples 100 0 0 

Index Qenerum et Specierum 

Animalium 60 0 0 

Development in the Frog 15 0 0 

Researches on the Higher 

Crustacea 15 0 0 

British and P’orcign Statistics 

of International Trade 25 0 0 

Resistance of Road Vehichs 

to Traction 90 0 0 

Researches in Crete 100 0 0 

Researches in Glastonbury 

Lake Village 25 0 0 

Anthropometric Investigation 

of Egyptian Troops 8 10 0 

Excavations on Roman Sites 

in Britain 25 0 0 

The State of Solution of Pro- 

teids 20 0 0 

Metabolism of Individual 

Tissues 40 0 0 

Botanical Photographs 4 8 11 

Respiration of P^nts 16 0 0 

Experimental Studies in 

Heredity 36 0 0 

Corresponding Societies Com- 
mittee 20 0 0 


£887 8 U 


g2 
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£ 

s. 

d. 

Electrical Standards 

40 

0 

0 

Seismological Observations... 

40 

0 

0 

Investigation of the Upper 
Atmosphere by means of 
Kites 

40 

0 

0 

Magnetic Observations at Fal- 
mouth 

60 

0 

0 

Wave-length Tables of Spec- 
. tra 

5 

0 

0 

Study of Hydro-aromatic 
Substances 

26 

0 

0 

Dynamic Isomerism 

20 

0 

0 

Aromatic Nitramines 

25 

0 

0 

Fauna and Flora of the British 
Trias 

10 

0 

0 

Table at the Zoological Sta- 
tion, Naples 

100 

0 

1 

0 

Index Generum et Specicrum 
Animalium 

75 

0 

0 

Development of the Frog ... 

10 

0 

0 

Investigations in the Indian 
Ocean 

150 

0 

0 

Trade Statistics ' 

4 

4 

8 . 

Researches in Crete 

75 

0 

0 

Anthropometric Investiga- 
tions of Egyptian Troops... 

10 

0 

0 

Excavations on Roman Sites 
in Britain 

10 

0 

0 

Anthropometricinvestigat ion.s 

10 

0 

0 ' 

Age of Stone Circles 

30 

0 

0 : 

The State of Solution of Pro- 
teids. 

20 

0 

oi 

Metabolism of Individual 
Tissues 

30 

0 

0 : 

Ductless Glands 

40 

0 


Botanical Photographs 

3 17 

6 ' 

Physiology of Heredity 

36 

0 

0 

Structure of Fossil Plants . . . 

50 

0 

0 

Corresponding Societies Com- 
mittee 

20 

0 

0 

£928 

2 


1906. 

Electrical Standards 

25 

0 

1 

1 

0 • 

Seismological Observations . . . 

40 

0 

0 ; 

Magnetic Observations at Fal- 
mouth 

60 

0 

0 ' 

Magnetic Survey of South 
Africa 

99 

12 

6 

Wave-length Tables of Spectra 

5 

0 

0 j 

Study of Hydro-aromatic Sub- 
stances 

25 

0 

0 : 

Aromatic Nitramines 

10 

0 

0 1 

Fauna and Flora of the British 
Trias 

7 

8 

11 1 

Oiystalline Rocks of Anglesey 

30 

0 

0 1 

Table at the Zoological Sta- 
tion, Naples 

100 

0 

1 

o'i 

Index Animalium 

76 

0 

0 

Development of the Frog 

10 

0 

0 ! 

Higher Crustacea 

15 

0 

0 1 


£ 

Fro«hwiilcr Fislics of South 

Afrhu 

Rainfall and Lake and River 

Discharge 

Excavations in Crete lOo 

Lake Village at Glastonbury 40 
Excavations on Roman Sites 

in Britain 30 

Ant hropometricl n ve.'^Ugations 

in the British Isles 30 

State of Solution of Proteids 20 
Metabolism of Individual 

Tissues 20 

Effect of Climate upon Health 

and Disease 20 

Research on South African 

Gycads 14 

Peat Moss Deposits 25 

Studies suitable for Elemen- 
tary Schools 6 

Corresponding Societies Com- 
mittee 25 

£882 

1907. 

Electrical Standards 50 

Seismological Observations... 40 
Magnetic Observations at 

Falmouth 40 

Magnetic Survey of South 

Africa 25 

Wave - length Tables of 

Spectra. 10 

Study of Hydro - aromatic 

Substances 30 

D3'nanjic Isomerism 30 

Life Zones in British Car- 
boniferous Rocks 10 

Erratic Blocks 10 

Fauna and Flora of British 

Trias 10 

Faunal Succession in the Car- 
boniferous Limestone of 

South-West England 15 

Correlation and Age of South 

African Stnata, &c 10 

Table at the Zoological 

Station, Naples 100 

Index Animalium 75 

Development of the Sexual 

Cells 1 

Oscillations of the Land Level 
in the Mediterranean Basin 50 
Gold Coinage in Circulation 
in the United Kingdom ... 8 

Anthropometric Investiga- 
tions in the British Isles... 10 
Metabolism of Individual 

Tissues 45 

The Ductless Glands 25 

Effect of Climate upon Health 
and Disease 65 


.S', d. 

0 0 

0 0 
0 0 
0 0 

0 0 

0 0 
0 0 

0 0 

0 0 

19 4 
0 0 

0 0 

0 0 
0 9 

0 0 
0 0 

0 0 

7 G 

0 0 

0. 0 
0 0 

0 0 
0 0 

0 0 

0 0 

0 0 

0 0 
0 0 

11 8 

0 0 

19 7 

0 0 

0 0 
0 0 

0 0 
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£ -s. d. 

Physiology of Heredity 30 0 0 

Research on Soal.h African 

Cycads 0 0 

Piotanioal Photographs 5 0 0 

.Structure of Fossil I’lants ... 5 0 0 

Marsh Vegetation 15 0 0 

Corresponding Societies Com- 
roittec I H> 14: 1 ! 


£767 12 10 


1908. 

Seismological Observations ... 40 0 0 
Further Tabulation of Bessel 

Functions ...i 15 0 0 

Investigation of Upper Atmo- 
sphere by means of Kites... 25 0 0 
Meteorological Observations 

on Ben Nevis 25 0 0 

Geodetic Arc in Africa 200 0 0 

Wave-lengthTables of Spectra 10 0 0 

Study of Hydro-aromatic Sub- 

stances 30 0 0 

Dynamic Isomerism 40 0 0 

Transformation of Aromatic 

Nitramines 30 0 0 

Erratic Blocks 17 16 6 

Fauna and Flora of British 

Trias 10 0 0 

Faunal Succession in the Car- 
boniferous Limestone in the 

British Isles IP 0 0 

Pre- Devonian Rocks 10 0 0 

Exact Significance of Local 

Terms 5 0 0 

Composition of Charnwood 

Rooks 10 0 0 

I'able at the Zoological Station 

at Naples 100 0 0 

Index Animalium 75 0 0 

Hereditary Experiments 10 0 0 

Fauna of Lakes of Central 

Tasmania 40 0 0 

Investigations in the Indian 

Ocean 50 0 0 

Exploration in Spitsbergen ... 30 0 0 

Gold Coinage in Circulation 

in the United Kingdom 3 7 6 

Electrical Standards 50 0 0 

Glastonbury Lake Village ... 30 0 0 

Excavations on Roman Sites 

in Britain 15 0 0 

Age of Stone Circles 60 0 0 

Anthropological Notes and 

Queries 40 0 0 

.Metabolism of Individual 

Tissues 40 0 0 

The Ductless Glands 13 14 8 

Effect of Climate upon Health 

and Disease 35 0 0 

Body Metabolism in Cancer... 30 0 0 

Electrical Phenomena and 
Metabolism of Arum Spa- 
dices 10 0 0 


£ 8. d. 

Marsh Vegetation 16 0 0 

Succession of Plant Remains 18 0 0 
Corresponding Societies Com-« 
mittee 26 0 0 


£1157 18 8 


1909. 

Seismological Observations .. 60 0 0 
Investigation of the Upper At- 
mosphere by means of Kites 10 0 0 
Magnetic Observations at 

Falmouth 50 0 0 

Establishing a Solar Ob- 
servatory in Australia 50 0 0 

Wave-length Tables of Spectra 9 16 0 
Study of Hydro-aromatic Sub- 
stances 15 0 0 

Dynamic Isomerism 35 0 0 

Transformation of Aromatic 

Nitramines 10 0 0 

Electroanalysis 80 0 0 

Fauna and Flora of British 

Trias 8 0 0 

Faunal Succession in the Car- 
boniferous Limestone in the 

British Isles 8 0 0 

Palaeozoic Rocks of Wales and 

the West of England 9 0 0 

Igneous and Associated Sedi- 
mentary Rocks of Glensaul 11 13 9 

Investigations at Biskra 50 0 0 

Table at the Zoological Station 

at Naples 100 0 0 

Heredity Experiments 10 0 0 

Feeding Habits of British 

Birds 6 0 0 

Index Animalium 75 0 0 

Investigations in the Indian 

Ocean 35 0 0 

Gaseous Explosions 75 0 0 

Excavations on Roman Sites 

in Britain 6 0 0 

Age of Stone Circles 30 0 0 

Researches in Crete 70 0 0 

The Ductless Glands 35 0 0 

Electrical Phenomena and Me- 
tabolism of Arum Spadices 10 0 0 

Reflex Muscular Rhythm 10 0 0 

Anaesthetics 25 0 0 

Mental and Muscular Fatigue 27 0 0 

Structure of Fossil Plants ... 5 0 0 

Botanical Photographs 10 0 0 

Experimental Study of 

Heredity 30 0 0 

Symbiosis between Tur- 
bellarian Worms and Algae 10 0 0 

Survey of Clare Island 65 0 0 

Cniricnla of Secondary Schools 6 0 0 

Corresponding Societies Com- 
mittee 21 0 0 


£1014 9 9 
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1910. £ 8. d. 

Measurement of Geodetic Arc 

in Soufcli Africa 100 0 0 

Republication of Electrical 

Standards Report s 100 0 0 

Seismological Observations... GO 0 0 
Magnetic Observations at 

Falmouth 25 0 0 

Investigation of the Upper 

Atmosphere 25 0 0 

Study of Hydro-aromatic Sub- 

stance.s 25 0 0 

Dynamic Isomerism 35 0 0 

Transformation of Aromatic 

Nitro-amines 15 0 0 

Electroanalysis 10 0 0 

Faunal Succession in the Car- 
boniferous Limestone in the 

British Isles 10 0 0 

South African Strata 5 0 0 

Fossils of Midland Coalfields 25 0 0 

Table at the Zoological Sta- 


Index Animalium 76 0 0 

Heredity Experiments 36 0 0 

Feeding Habits of British 
Birds 5 0 0 


£ 8, d. 

Amount and Distribution of 


Income 35 0 

Gascons Explosions 75 0 0 

Lake Villages in the neigh- 
bourhood of Glastonbury... 5 0 0 
Excavations on Roman Sites 

in Britain 5 0 0 

Neolilliic Sites in Northern 

Greece 5 0 0 

The Ductless Glands 4() 0 0 

Body Metabolism in Cancer... 20 0 0 

Anse.sthetics 26 0 

Tissue Metabolism 25 0 0 

Mental and Muscular Fatigue 18 17 0 
Electromolivo Phenomena in 

Plants 10 0 0 

Structure of Fossil Plants ... 10 0 0 
Experimental Study of 

Heredity .'10 0 0 

Survey of Clare Island 30 0 0 

Corre.si)onding Societies Com- 
mittee 20 0 0 


£963 17 * 0 
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REPORT OF THE COUNCIL, 1909-PJ10. 

I. The Council resolved to present the following Address *to His 
Majesty the King on his accession to the Throne: — 

To THE King's Most Excellent Majesty. 

May it please Your Majesty, — We, the President and Council of the 
British Association for the Advancement of Science, most respectfully 
desire to be permitted to express to Your Majesty our deepest sympathy 
in the great loss which Your Majesty and the Empire liave sustained 
in the death of your august Father, King Edward Vll. 

The British Association bears in grateful remembrance the fact that 
your illustrious Grandfather, His Royal Highness the Prince (.^ousort, 
to whose scientific knowledge and wise guidance tlie nation owes nmcli, 
accepted the office of President of the Association for the Meeting held 
at Abenleen in 1859. We would also gratefully record that more 
recently your Father, the late King, was pleased, in 1904, to accede 
to the request that he should honour the Association by becoming its 
Patron. 

We beg to be permitted to offer to Your Majesty the humble expres- 
sion of our sincere congratulation and loyal homage and devotion on 
your succession to the Throne of your Ancestors, and we confidently 
hope that the progress of Science during the reign of Your Majesty will 
continue to promote the prosperity of your people throughout the 
Empire. 

Signed on behalf of the Council, 

J. J. Thomson, 

President . 

To this Address the following reply was received: — 

Home Office, Whitehall: June 30th, 1910 

Sir, — I am commanded by the King to convey io you hereby His 
Majesty’s thanks for the loyal and dutiful Address of the President and 
Council of the British Association for the Advancement of Science 
expressing their sympathy with His Majesty on the occasion of the 
lamented death of his late Majesty King Edward the Seventh, and con- 
gratulation on IJis Majesty’s Accession to the Throne. 

I am. Sir, 

Your obedient servant, 

{Signed) Winston S. Churchill. 

Sir J. J. Thomson, P.R.S. 

The Council further desired the President to forward the following 
letter : — 

Lieut. -Col. Sir Arthur J. Bigge, K.C.M.G., G.C.V.O.*, <fec., &c. 

Sir, — I have the honour to inform you that the Council of the 
British Association for the Advancement of Science have voted a humble 
Address of sympathy and congratulation to His Majesty the King. 

The Address refers gratefully to the honour which King Edward VJ 1. 
conferred upon the Association by becoming its Patron in 1904. The 
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Council, in voting the Address, directed me to express the respectful 
hope that His Majesty may be graciously pleased to follow his august 
Father in the Patronage of the Association. 

I have the honour to be. Sir, 

Your obedient Servant, 

(Signed) J. J. Thomson, 

President of the hriiisk Associaliou 

The following gracious reply was received: — 

Marlborough House, Pall Mall, S.W. 

Dear Sir, — I am coinnianded by the King to inform you that Tlis 
Majesty is graciously pleased to become Patron of the British Association 
for the Advancement of Science. 

Yours faithfully, 

(Signed) W. Cartngton, 

Keeper of His Majesty's Privy Purse. 

II. Sir William Ramsay, K.C.B., F.R.S., has been unanimously 
nominated by the Council to fill the office of President of the Association 
for 1911 (Portsmouth Meeting). 

III. The following Nominations are made by the Council: — 

Conference of Delegates. — ^Dr. Tempest Anderson (Chairman), 

Professor P. F. Kendall (Vice-Chairman), Mr. W. P. D. Stebbing 
(Secretary). 

Corresponding Societies Committee. — Mr. W. Whitaker (Chair- 
man), Mr. W. P. D. Stebbing (Secretary), Rev. J. 0. Sevan, Sir 
Edward Brabrook, Dr. J. G. Garson, Dr. E. H. Griffiths, Dr. A. C. 
Haddon, Mr. T. V. Holmes, Mr. J. Hopkinson, Mr. A. L. Ijewis, 
Mr. P. W. Rudler, Rev. T. R. R. Stebbing. 

IV. A Report has been received from the Corresponding Societies 
Committee, together with the list of the Corresponding Societies, and 
the titles of the more important papers published by the Societies during 
the year ending May 31, 1910. 

V. The following Resolvtions were formulated by the General 
Committee at Winnipeg and referred to the Council : — 

(i) * That the Council be asked to consider the relationship of the 

Sections generally, and the possible desirability of a new 
subdivision and the incorporation of new subjects. 

(ii) ‘ That in any revision of the organisation of the Association 

full recognition be given to the importance of Agricultural 
Science. * 

The Council resolved that a Committee be appointed, with the 
following terms of reference: — 

To consider and report to the Council on the relationship of the 
Sections generally, and the possible desirability of a new 
subdivision and the incorporation of new subjects, and to 
make recommendations on other matters arising therefrom, 
the Committee being empowered to confer with Members 
of the Association outside its own body, if necessary. 
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The following were appointed to serve on the Committee: — 
The President. General OfTieers. and Presideni-Filect. with 


Prof. H. PI. Armstrong. 
Sir P^dw.'iid Brabrook. 
ISir Lauder Brunton. 
Major P. G. Craigie. 
Ur. J. A. Ewing. 

Prof. J. .I>. Farmer. 

Dr. O. Carey Foster. 
Sir A. Geikie. 

Sir D. Gill. 

Dr. R. T. Glazebrook. 


Prof. P\ Gotch. 

E. Sidney ITartland. 

Dr. J. Scott Keltic. 

Sir Oliver Lodge. 

Prof. E. B. Poulton. 

W. A. Price. 

Dr. W. N. Shaw. 

Dr. J. J. H. Teall. 

Sir T. E. Thorpe. 

Dr. A. Smith Woodward. 


The Council received the following Report from the Committee, and 
ordered it to be transmitted to tlu^ General Committee [jiote, p. cxxv.J : — 

(i) Tlio Committee recommends: — 

Section A . — That the title of this Section be changed to 
‘ Mathematics, Physics, and Astronomy (including Cosmieal 
Physics).’ 

That tlie Council be recommended, when appointing the 
President of the Section, to observe, so far as possible, a rotation 
in the three subjects, so that Mathematics, Experimental Science, 
and Observational Science may be represented successively in 
the President. 

That the official recognition of the two subjects not repre- 
sented in the President in any one year should be ensured by the 
specific appointment of two of the Vice-Presidents of the Section 
to act as Chairman in any deliberations carried on department- 
ally in those subjects respectively. Departmental deliberations in 
each of the three subjects should, as a rule, occupy two days 
most, the Sections sitting as a whole at other times. 

That the Secretariat remain as at present, with one Recorder 
for the whole Section, and that one Secretary at least be a repre- 
sentative of each subject specified in the title of the Section. 

(ii) The Committee has given careful consideration to the suggestion 
of its Executive Sub-Committee that the subjects of Geology (now 
Section C) and Geogra])liy (now Section E) might be combined in one' 
Section to which the Sub-Section is attached be specifically appinted 
above for Section A. 

The Committee, while not prepared definitely to recommend the 
combination of Geology and Geography — or of any other two Sections 
now distinct — is of opinion that this question should receive further 
consideration from the Council cand from the General Committee. 

(iii) The Committee recommends the formation of a permanent 

Sub-Section of Agriculture, attached to a Section to be determined by 
the Council annually in a certain rotation (unless the Council shall see 
reason to the contrary), as between the Sections of Chemistry, 

Economic Science, and Botany. 

The Committee recommends that one of the Vice-Presidents of the 
Section to which the Sub-section is attached he specifically appointed 
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iis the Chairman of the Suh-Seciioji, unless the sectional President 
himself represents Agriculture; that the Sub-Section liave its own 
Becord^r, and that one of the Secretaries of the Section be a re[)re- 
sentative of the Sub- Section. 

As ft matter arising out of the above reference, the Council caused 
a letter to be addressed to each Sectional Committee, urging tliat joint 
meetings and discussions on set subjects sliould be arranged in greater 
number than heretofore, and also putting forward a distribution of 
presidential addresses in time, in order that kindred subjects miglit 
not clash. 

VI. A Eesolution, referred to the Council by the General Com- 
mittee at Winnipeg, has been received 

From Section 11 : — 

I. 

To recommend the Council to represent to tJie Dominion Govern- 
ment : — 

(i) ‘ That it is essential to scientific knowledge of the early history 
of Canada that full and accurate records should be obtained 
of the physical character, geographical distribution and 
migrations, languages, social and political institutions, 
native arts, industries, and economic ‘ systems of the 
aboriginal peoples of the country. 

(ii) * That scientific knowledge of the principles of native design 
and handicraft is an essential preliminary to any develop- 
ment of native industries such as has already been found 
practicable, especially in the United States, in Mexico, and 
in India, and that such knowledge has also proved to be of 
material assistance in the creation of national schools of 
design among the white population. 

(iii) ‘ That, in the rapid development of the country, the native 
population is inevitably losing its separate existence and 
cliaracteristics. 

(iv) “ That it is therefore of urgent importance to initiate, without 

delay, systematic observa^^ions and records of native physical 
types, languages, beliefs, and customs; and to provide for the 
preservation of a complete collection of examples of native 
arts and industries in some central institution, and for public 
guardianship of prehistoric monuments such as village sites, 
burial grounds, mounds, and rock carvings. 

(v) * That the organisation necessary to secure these objects, and 

to render the results of these inquiries accessible to students 
and to the public, is such as might easily be provided in 
connection with the National Museum at Ottawa, which 
already includes many fine examples of aboriginal arts and 
manufactures, and might be made a centre for the scientific 
study of the physical types, languages, beliefs, and customs 
of the aboriginal peoples.” 



REPORT OF THE CX)UNCIL. 


cxxiii 


n. 

To rccoTTiinond tlio Oouncil to urge the Dominion Government io 
include in the schedules of tlie next Canadian Census full inquiribs as to 
precise jjlace of origin, native language, previous status and occupation, 
year of immigration, and such other information as may be deemed of 
scientific value for the study of the effects of the Canadian environment 
upon immigrants of European origin. 

It was resolved that the above Resolution be adopted and forwarded 
to the Dominion Government, with the following covering letter: — 

The Right 1 Ton. Sir Wilfrid Latjrter. 

Sir, — By direction of the Council of the British Association for the 
Advancement of Science, we have the honour to submit the accompany- 
ing Resolution for the consideration of the Dominion Government. 'I'his 
Resolution was formulated by the Anthropological Section of the 
Association during its meeting at Winnipeg, Manitoba, in August 1909, 
was supported by the General Committee, and adoj)ted by the Council. 

.We have the honour to be. Sir, 

Your obedient Servants, 

(Signed) J. J. Thomson, President, 

R A B^cMahon, 1 General Secretaries. 

W. A. Herdman, j 

Replies were received as under: — 

Ottawa, November 23rd, 1909. 

Sir, — I have the honour, by direction of the Right Honourable Sir 
Wilfrid Laurier, to acknowledge receipt of Resolution of the British 
Association for the Advancement of Science formulated by the Anthro- 
pological Section of the Association during its meeting at Winnipeg in 
August 1909, respecting the early history-, &c., of Canada, and to state 
that the same will receive due consideration. 

I have the honour to be. Sir, 

Your obedient Servant, 

(Signed) Rodolpiie Boudreau, 

Clerk of the Privy Council. 

The Secretaries, 

British Association for the Advancement of Science, 

Burlington House, 

Piccadilly, London, W. 


Ottawa, November 24/fe, 1909. 

Oeoloqioal Survey. 

R. W. Brock, Director, 

Gentlemen, — T beg to acknowledge the receipt of a copy of the 
Resolution of the British Association with regard to ethnological work in 
Canada, which has been referred to the Geological Survey by the Privy 
Council. 
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I have to thank you for your kind interest in this matter, and trust 
that it may assist us in securing the necessary facilities for undertaking 
the work on a scale commensurate with its urgency and importance. 
The nSw National Museum will afford some of the requisite facilities. 

T may say that the Government has shown appreciation of the value 
of the work by enabling us two years ago to make a beginning in this 
direction. We have an ethnologist at present living with the Escpiimaux 
in the Arctic. A preliminary report on his observations appears in the 
Geological Survey Summary Report for 1908. With the assistance of 
the Canadian Archaeological Societies and the very kind support whicli 
the British Association has given in its Resolution, I have strong hopes 
that something worth while may be accomplished along these lines. 

1 should like to take this opportunity of expressing to th(‘ British 
Association my profound regrets that, owing to illness, f was iiualdc' to 
attend the Winnipeg Meeting to meet the individual luemhers or to 
personally do anything for them. 

I have the honour to be, Gentlemen, 

Your obedient Servant, 

{Signed) R. W. Brock. 

The Secretaries, 

British Association for the Advancement of Science, 

Burlington House, 

Piccadilly, London, W., 

England. 

It was subsequently reported to the Council by the General Officers 
that information had reached them that the Dominion Government of 
Canada had authorised the payment of the salary of an ethnologist for 
the Dominion, and also a grant for the collection of ethnological 
material. This may be regarded as a direct outcome of the representa- 
tions made by the British Association. 

VII. A Recommendation received by the General Committee at 
Winnipeg and referred to the Council was agreed to : — 

That the following Committee be authorised to receive contributions 
from sources other than the Association : 

* To conduct Explorations witii a view to ascertaining the Age of 
Stone Circles.’ {Section ff.) 

A BECOMMEmATiOi^ received by the General Committee at Winnipeg, 
and referred to the Council, was agreed to, amended as under; — 

‘ That the collection of the Anthropological Photographs printed 
by the Anthropological Photographs Committee be, and 
that all further Photographs received by them may be, 
handed over to the custody of the Royal Anthropological 
Institute.* {Section H,) 

VITI. Following a suggestion made at the Winnipeg Meeting, a list 
of desiderata for the Library of the University of Manitoba was obtained 
from the labrarian, and has been widely distributed by order of the 
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Council to Mcuibcis u£ the Absociatiou and various learned Societies, 
with a covering letter inviting them to present to the Ijibrary any books 
which they miglit bo in a position to offer. By this means a large 
collection of books, journals, and reprints has been presented to the 
Library. 

IX. The Council have authorised Section B (Chemistry) to form a 
Sub-Section foh Agriculture for the Sheffield Meeting, with a 
Chairman, Vice-Chairman, and Secretariat to deal with its transactions. 

X. The Council have received reports from the General Treasurer 
during the past year. His Accounts from July 1, 1001), to June 30. 
1010, have been audited and are presented to the General Committee. 

XI. In accordance with the Begulations, the retiring Members of 
the Council are : — 

(i) Retiring hy seniority: Sir E. Brabrook; Dr. A. Smith Wood- 

ward. 

(ii) Retiring by least attendance: Mr. D. G. Hogarth; the Earl of 

Berkeley ; Sir J. Wolfe-Barry, 

the Council having by a unanimous vote reversed the usual order of 
three members retiring by seniority and two by least attendance. 

The Council nominated the following new members : — 

Dr. A. 0. Haddon, 

Dr. J. E. Mair, 

Sir W. H. White, 

leaving two vacancies to be filled up by the General Committee without 
nomination by the Council. 

XH. The General Officers have been nominated by the Council for 
reappointment. 

XIII. Dr. O. T. Olsen has been admitted a member of the General 
Committee. 

*** With reference to Section V. of the above Report, the General Committee 
rejected the proposals to change the title of Section A and to combine the subjects 
of Geology and Geography in one Section of two departments, and^ referred the 
question of a permanent Sub-Section of Agriculture back to the Council. 
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Dr. THE GENERAL TRBASURKR IN AC( OUNT 

ADVANCEMENT OP SCJ PNCE. 


1909-1910. 


RECEIPTS. 


£ *. (t. 

To Balance brought forward 54 li 0 i) 

Life Compositions (including Transfers) 0 0 

New Annual Members’ Subscriptions 564 0 0 

Annual Subscriptions (including Members of Amcricsin 

Association) 600 0 0 

Sale of Associates’ Tickets 776 0 0 

Sale of Ladies’^tackets 89 0 0 

Sale of Publications : 179 1 10 

Dividend on Consols.... 163 1 4 

Dividend on India 3 per Cents 101 14 0 

Great Indian Peninsula Railway * B’ Annuity 49 3 6 

Interest on Deposit Account 6 6 11 

Interest on Current Account at Winnipeg Bank 1 2 10 0 

Income Tax recovered 44 6 3 

Unexpended Balances of Grants returned : — £ $, a. 

Botanical Photographs 8 10 

Curricula of Secondary Schools 2 15 6 

3 4 4 


i3,214 8 11 


. InvegtmenU, 

£ «. <Z. 

2} per Cent. Consolidated Stock 6,501 10 6 

India 3 per Cent. Stock 3,600 0 0 

£73 Great Indian Peninsula Railway ‘B* 

Annuity (cost) 1,493 6 6 


Sir Frederick Bramwell’s Gift: — 

2J per Cent. Self-cumulating Consolidated 

Stock 69 4 6 


£11,664 1 4 


John Pebbt, General Treasurer, 
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WITH THE BlilTrSlI ASSOCIATION EOR THE Cr. 

July 1, 1909, to Jane 30, 1910. 


1909-1910. PAYMENTS. 

By Rent and Offices Expenses 

Salaries, &c 

Printing, Binding, &c 

Special Grant for Committee on Wave-length Tables 


Expenses of Winnipeg Meeting 

Payment of Grants made at Winnipeg : £ «. d. 

Measurement of Geodetic Arc in South Africa 100 0 0 

Republlcation of Electrical Standards Reports ...... . . 100 0 0 

Seismological Observations 60 0 0 

Magnetic Observations at Falmouth 36 0 0 

Investigation of the Upper Atmosphere 36 0 0 

Study of Hydro^roniatio Substances 36 0 0 

Dynamic Isomerism 86 0 0 

Transformation of Aromatic NitroHimines..... 16 0 0 

Eleotroanalysis 10 0 0 

Faunal Succession in the Carboniferous Limestone in 

the British Isles 10 0 0 

South African Strata 5 0 0 

Fossils of Midland Coalfields 36 0 0 

Table at the Zoological Station at Naidcs 100 0 0 

Index Aiilmallum 75 0 0 

Heredity Experiments 16 0 0 

Feeding Habits of British Birds 5 0 0 

Amount and Distribution of Income 15 0 0 

Gaseous Explosions 76 0 0 

Lake Villages in the neighbourhootl of Glastonbury .... 6 0 0 

Excavations on Roman Bites in Britain 6 0 0 

Neolithic Sites in Northern Greece 6 0 0 

The Ductless Glands 40 0 0 

Body Metabolism in Cancer 30 0 0 

^ ncGsthetics 26 0 0 

Tissue Metabolism 26 0 0 

Mental aud Muscular Fatigue 18 17 0 

Electromotive Phenomena in Pl|nits 10 0 0 

Struetiire of Fossil Plants 10 0 0 

Experimental Study of Heredity 3U 0 0 

Survey of Clare Island 30 0 0 

Corresponding Societies Committee 20 0 0 


£ i. d, 

93 17 8 
. 666 8 0 
1,064 9 10 
10 0 0 
276 1 2 


963 17 0 


£3.063 13 8 

Balance at Bank of England (Western £ s. d, 

. Branch) 1,149 2 1 

not paid in 3 16 9 


£1,162 17 10 

Zt'jyy Cheques not presented 1,006 16 3 

^ ^ 146 2 7 

Cash in hand 4 12 8 

£3,214 8 11 


I have examined the above Account with the Books and Vouchers of the Associa- 
tion, and certify the same to be correct. I have also verified the Balance at the 
Bankers*, and have ascertained that the Investments are registered in the names 
of the Trustees. 


Approved— 

Edward Brabrook, 1 
Herbert McLeod, / 
Jufy 29, 1910. 


Auditors, 


W. B. Keen, Chartered Accountant^ 

23 Queen Victoria Street, £.0. 
July 27, 1910. 
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GENERAL MEETINGS AT SHEFFIELD. 

On Wednesday, August 31, at 8.30 i».M., in the Victoria Hall 
Professor Sir J. J. Thomson, F.R.S., resigned the ollice of President to 
the Rev. Professor T. G. Bonney, F.R.S., who took the Chair and delivered 
an Address, for which see p. 3. 

On Thursday, September 1, at 3.30 p.m., the Executive Commit tee gave 
a Garden Party in the Botanical Gardens ; and at 8.. 30 p.m. the Eight 
Hon. the Lord Mayor held a Reception at the Town Hall. 

On Friday, September 2, at 8.30 p.m., in the Victoria Hall, Professor 
W. Stirling, M.D., delivered a Discourse on ‘Types of Animal Movement' 

(p. 818). 

On Monday, September 5, at 8.30 p.m., in the Victoria Hall, Mr. 
D. G. Hogarth, M.A., delivered a Discourse on ‘New Discoveries about 
the Hittites ' (p. 824). 

On Tuesday, September 6, at 8.30 p.m.. Receptions were held {a) at 
the University by the Chancellor of the University, and (6) at the Museum, 
Mappin Art Gallery, and Weston Park by the Reception Committee. 

On Wednesday, September 7, at 3 p.m., the concluding General 
Meeting was held in the Old Firth College, when the following 
Resolutions were adopted : — 

1. That a cordial vote of thanks be given to the Lord Mayor and Cor 
poration for the reception which they had accorded to the Association. 

2. That a vote of thanks be given to the Chancellor and Council 
of the University, the governing bodies which had granted the use of their 
buildings for the sectional meetings, and the authorities of the institutions 
and works thrown open to the inspection of the members. 

3. That a vote of thanks be given to the Local OMcers and Executive 
Committees for the admirable arrangements made for the meeting. 

4. That a vote of thanks be given to the citizens of Sheffield for the 
generous hospitality shown to the members of the Association during the 
meeting. 


OFFICERS OF SECTIONAL COMMITTEES PRESENT AT 

THE SHEFFIELD MEETING. 

SECTION A.— MATHEMATICAL AND PHYSICAL SCIENCE. 

President. — ^Prof. E. W. Hobson, F.R.S. Vice-Presidents. — Dr. C. Chree, 
F.R.S. ; Dr. R. T. Glazebrook, C.B., F.U.S. ; Prof. W. M. Hicks, F.R.S. ; Prof. 
H. Lamb, F.R.S. ; Prof. A. H. Leahy, M.A. ; Prof. J. C. McLennan. Secretaries . — 
Prof. A. W. Porter, B.Sc. (Recorder) \ H. Bateman, M.A..; A. S. Eddington, 
M.A. ; E. Gold, M.A. ; Dr. F. Horton ; Dr. S. R. Milner. 


SECTION B. — CHEMISTRY. 

President. — J. E. Stead, F.R.S. Vice-Presidents. — Prof. H. *E. Armstrong, 
F.R.S. ; Prof. J. O. Arnold, D.Met. ; Prof. H. M. Howe, LL.D. ; Prof. Orme 
Masson, F.R.S. ; Prof. W. P. Wynne, F.R.S. Secretaries.-^Dv. E. F. Armstrong 
(Recorder)', Dr. T. M. Lowry ; Dr, F. M. Perkin ; W. E. S. Turner, M.Sc. 
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SUB-SECTION. — AGRICXTLTURB. 

Chairman, — A. D. Hall, M.A.,F.U.S. Vice-Chairman, — Major P. G. Craigie, 
C.B. ; Prof. T. B. Wood. Secretaries. — Dr. E. J. Bussell {Recor<ier)\ Dr. 0. 
Crowther ; J. Golding. 

SECTION C. — GEOLOGY, 

President, — Prof. A. P, Coleman, Pb.D., F.B.S. Vice-Presidents, — Prof. W. 
il. Hobbs; Prof. P. F. Kendall, M.Sc. ; Prof. W. W. Watts, F.B.S. ; Dr. A. 
Smith Woodward, F.B.S. Secretaries, — W. Lower Carter, M.A. (Recorder); 
Dr. A. B. Dwerry house ; B. Hobson, M.Sc.; Prof. S. H. Reynolds, M.A. 


SECTION D. — ZOOLOGY. 

President, — Pi^f. G. C. Bourne, F.B.S. Vice-Presidents. — Prof. A. Denny, 
M.Sc.; Dr. H. F. Gadow, F.B.S.; Dr. A. E. Shipley, F.B.S. Secretaries , — 
Dr. II. W. Marett Tims (Recorder); Dr. J. H. .Ashworth; L. Doncaster, M.A.; 
T. J. Evans, B.A. 


SECTION E.— GEOGRAPHY. 

President. — Prof, A. J. Herbertson, Pb.D. Vice-Presidents,—^. Bolton ; G. 
G. Chisholm, M.A., B.Sc. ; Colonel H. W. Feilden, C.B. ; Colonel Sir D. A. John* 
ston, K.G.M.G., B.E. ; J. Howard Reed. Secretaries.— 'R icy. W. J. Barton, B.A. 
(Recorder ) ; Dr. B. N. Rudmose Brown ; J. McFarlane, M.A. ; E. A. Reeves. 


SECTION F.— ECONOMIC SCIENCE AND STATISTICS. 

President , — Sir H. Llewellyn Smith, K.C.B., F.S.S. Vice-Presidents,— Vtot. 
E. Cannan, LL.D. ; Prof. S. J. Chapman, M.A.; Prof. H. B. Lees SmiUi, M.A., 
M.P. Secretaries. — H, 0. Meredith, M.A. (Recorder) ; 0. R. Fay, M.A. ; Dr. W 
R. Scott ; R. Wilson, B.A. 


SECTION G.— ENGINEERING. 

President, — Prof. W. E. Dalby, M.A. Vice-Presidents , — Dugald Clerk, F.B.S. ; 
Sir B. A. Hadfield, F.B.S.; Charles Ilawksley; Prof. W. Ripper, D.Eiig. ; 
Douglas Vickers ; Sir W. H. White, K.C.B., F.R-S. Secretaries, — Prof, E. G. 
Coker (Recorder ) ; F. Bouldeu, B.Sc, ; A. A. Bowse, B.Sc. ; H. E. Wimperis, 
M.A. 


SECTION H.— ANTHROPOLOGY. 

President. — W. Crooke, B.A. Vice-Presidents, — ^Prof. A. F. Dixon, Sc.D. ; 
Miss A. C. Fletcher ; Prof, J. L. Myres, M.A. ; Dr. W. II. R. Rivers, r.R.S. 
Secretaries,— Pi, N. Fallaize, B.A. (Recorder ) ; H. S. Kingsford, M.A. ; Prof. C. J. 
Patten '; Dr. F. C. Shrubsall. 


SECTION I. — PHYSIOLOGY. 

President,— Pxot A. B. Macallum, F.R.S. Vice-Presidents,-^Prof, J* S. Mac^ 
donald ; Prof. E. A. Schafer, F.R.S. ; Prof. 0. S. Sherrington, F.R.S. ; Prof. Wm, 
Stirling ; Dr. A. D. Waller, F.B.S. Sectaries,— Dr. a. E. Roaf (Recorder) ; 
Dr. H. G. HI. Henry ; Keith Lucas, M.A. ; Dr. J. Tait. 

1910; h 



cxxx 


OFFICERS OF SECTIONAL COMMITTEES. 


SECTION K. — BOTANY. 

Presiient, — Prof. J. 11. Trail, F.R.S. Vice-Presidents. — l*n)f. F. O. 
13ower, RR.S. ; Prof. J. B. Farmer, F.R.S.; Lieiit.-Col. D. Prain, 0.1.1 1., F.R.S. ; 
Dr. A. B. Rendle, F.R.S. Secretaries. — Prof. R. II. Yapp, M.A. (Recorder) ; 
B. H. Bentley, M.A. ; R. P. Gregory, M.A. ; l*rof. I). T. G Wynne- Vaughan, M.A. 


SECTION L. -EDUCATIONAL SCIENCE. 

Pi'esident. — Principal II. A. Aliers, F.R.S. Vice-Presidenis, — R. Blair, M.A. ; 
Prof. J. A. Green, M.A; Prof. R. A. Gregory. Secretaries — J. L. Holland. 
B.A. (^Recorder)] A. J. Arnold, B.A. ; \V. D. Fggar, M.A. ; Hugh Ricliardsoii, 
M.A. 


CONFERENCE OF DELEGATES OF CORREesrONDING 

SOCIETIES. 

Chairman. — Dr. Tempest Anderson. Vice-Chairman — Prof. P. F, Kendall. 
Secretary. — W. P. D. Stebbing. 


COMMITTEE OP RECOMMENDATIONS. 

The President and Vice-Presidents of the Association ; the General Secretaries ; 
the General Treasurer ; the Trustees ; the Presidents of the Association in 
former years ; the Chairman of the Conference of Delegates ; Prof. E. W. 
Hobson ; Dr. C. Chree ; J. E. Stead ; Dr. E. F. Armstrong ; Prof. A. P. Cole- 
man ; ^\. Lower Carter; Prof. G. C. Bourne ; Dr. Marett Tims; Prof. A. J. 
Herbertson ; Rev, W. J. Barton ; Prof. S. J, Chapman ; H. 0. Meredith : 
Prof. W. E. Dalby ; Prof. E. G. Coker; W. Crooke; E. N. Fallaize ; Prof. 
A. B. Macallum ; Dr. H, E. Roaf ; Prof. J. W. H. Trail ; Prof. R. H. Yapp ; 
Principal H. A. Miers ; J. L. Holland; and A. D. Hall. 
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lUaEAUCH OOMMITrEES, Erc., 

APPOINTED BY THE GENERAL COMMITTEE 

AT THE Sheffield 

Meeting : September 1910. 


1. Receiving Grants of Money, 


1 Subject for Investigation, or Purpose 

Members of Committee 

Grants 

j 

Section A.— MATHEMATICS AND PHYSICS. 

Seismological Observations. I Chairman. — ProfessorH II.Turncr. 

Secretary. — Dr. J. Milne. 

! Mr. 0. T. Boys, Mr. Horace Dar- 
win, Major L Darwin, Dr. R. T. 
Glazebrook, Mr. M. H. Gray, 

1 Professors J. W. Judd, C. G. 

i Knott, and R. Meldola, Mr. 

1 R. D. Oldham, Professor J. 

Perry, Mr. W. B. Plummer, 

Professor J. H. Poynting, Mr. 

Clement Reid, and Mr. Nelson 
Richardson. 

1 

Ji 9 . d. 
60 0 0 

To co-operate with the Committee 
of the Falmouth Observatory 
in their Magnetic Observations. 

Chairman,-S\x W. H. Freece. 
Secretary.— JiT. W. N. Shaw. 
Professor W. G. Adams, Captain 
Creak, Mr. W. L. Fox, Dr. R. T. 
Glazebrook, Professor A. Schus- 
ter, Sir A. W. Rucker, and Dr. 
Charles Ohree. 

25 0 0 

To aid the work of Establishing 
a Solar Observatory in Australia. 

Chairman. — Sir David Gill. 
Secretary. — Dr. W. G. DuflSeld. 

Dr. W. J. S. Lockycr, Mr. F. 
McClean, and Professors A. 
Schuster and H. H. Turner. 

50 0 0 

Investigation of the Upper Atmo- 
sphere. 

Chairman. — Dr. W. N. Shaw. 

Secretary. — Mr. E. Gold. 

Mr. D. Archibald, Mr. C. Vernon 
Boys, Mr. C. J. P. Cave, Mr. 
W. H. Dines, Dr. R. T. Glaze- 
brook, Professor J. E. Fetavel, 
Dr. A. Schuster, Dr. W. Wat- 
son, and Sir J. Larmor. 

25 0 0 

Grant to the International Com- 
mission on Physical and 
Chemical Constants. 

— 

30 0 0 
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1. Receiving Grmtt of Money-— QoiiimvLQd,, 


Subject for Investigation, or Purpose | Members of Committee 


Section 

The Study of Hydro-aromatic Sub- 
stances. 


Dynamic Isomerism. 


The Transformation of Aromatic 
Nitroamines and allied sub- 
stances, and its relation to 
Substitution in Benzene De- 
rivatives. 

Electroanalysis. 


The Influence of Carbon and 
other Elements on the Corro- 
sion of Steel. 


Section 

To investigate the Erratic Blocks 
of the British Isles, and to take 
measures for their preservation. 


To enable Mr. B. Greenly to com- 
plete his Kesearches on the 
Composition and Origin of the 
Crystalline Rocks of Anglesey. 

To excavate Critical Sections in 
the Palaeozoic Rocks of Wales 
I and the West of England. 


To investigate the Microscopical 
and Chemical Composition of 
Chamwood Bocks. 


I. — CHEMISTRY. 

Chairman. — Professor E. Divers. 
Secretary. — Professor A. W. Cross- 
ley. 

Professor W. H. Perkin, Dr. M. 0. 
Forster, and Dr. Le Sueur. 

Chairman. — Professor H. E Arm- 
strong. 

Secretary. — Dr. T. M. Lowry. 
Professor Sydney Young, Dr. Desch, 
Dr. J. J. Dobbie, Dr. A. Lap- 
worth, and Dr. M. 0. Forster. 

Chairman. — Professor F. S. Kip- 
ping. 

Secretary. — ProfessorK.J.P.Orton. 
Dr.S. Ruhemann, Dr. A. Lapworth, 
and Dr. J. T. Hewitt. 

Chairman.— ?ioieai&oi F. S. Kip- 
ping. 

Secretary.— 'D t. F. M. Perkin. 

Dr. G. T. Beilby, Dr. T. M. Lowry, 
Professor W. J. Pope, and Dr. 
H. J. S. Sand. 

Chairmam. — Professor J.O.Amold. 
Secretary.— Mr. W. B. S. Turner. 
Professor W. P. Wynne, Pro- 
fessor A. Me William, Mr. C. 
Chappell, and Mr. F. Hodson. j 

0.— GEOLOGY. 

Chairman.— Mr. R. H. Tiddeman. 
Secretary.— T)i. A. R. Dwerryhouse. 
Dr. T. G. Bonney, Mr. P. M. Burton, 
Mr. F. W. Harmer, Rev. S. N. 
Harrison, Dr. J. Home, Mr. W. 
Lower Carter, Professor W. J. 
Sollas, and Messrs. Wm. Hill, 

J. W Stather, and J. H. Milton. 

Chairman. — Mr. A. Harker. 
Secretary. — Mr. B. Greenly. 

Dr. J. Home, Dr. C. A. Matley, 
and Professor E. J. P. Orton. 

Chairman.— Piofeimr C. Lap- 
worth. 

Secretary Mr. W. G. Feamsides. 

Dr. Herbert Lapworth, Dr. J. B. 
Marr, Professor W. W. Watts, 
and Mr. G. J. Williams. 

Chairman. — Professor W. W. 
Watts. 

Secretary.^Dr. T. T. Groom. 

Dr. F. W. Bennett and Dr. Stxacey. 


Grants 


£ s. d. 

20 0 0 


25 0 0 


16 0 0 


15 0 0 


15 0 0 


10 0 0 


2 0 0 


10 0 0 


2 0 0 
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1. Reeeiting Grants of Money — continued. 


Subject for Investigation, or Purpose 


The Investigation of the Igneous 
and Associated Bocks of Glen- 
saul and Lough Nafooey Areas, 
Co. Galway. 


To enable Mr. C. Forster Cooper 
to examine the Mammalian 
Fauna in the Miocene deposits 
of the Bugti Hills, Baluchistan. 


Members of Committee 


Chairman, — Professor W. W. 
Watts. 

Secretary, — Professor S. H. Rey- 
nolds. 

Messrs. H. B. Maufe and C. I. 
Gardiner. 

Chairman. — Professor G. C. Bourne. 
Secretary, — Mr^C. Forster Cooper. 
Drs. A. Smith Woodward, A. E. 
Shipley, C. W. Andrews, and 
H. F. Gadow and Professor J. 
Stanley Gardiner. 


Section D.— ZOOLOGY. 


To aid competent Investigators 
selected by the Committee to 
carry on definite pieces of work 
at the Zoologic^ Station at 
Naples. 


Compilation of an Index Generum 
et Speciemm Animalium. 


To investigate the Feeding Habits 
of British Birds by a study of 
the contents of the crops and 
gizzards of both adults and 
nestlings, and by collation of 
observational evidence, with 
the object of obtaining precise 
knowledge as to the economic 
status of many of our commoner 
birds affecting rural science. 

To investigate the Biological 
Problems incidental to the Bel- 
mullet Whaling Station. 


To enable Mr. 0. Forster Cooper 
to examine the Mammalian 
Fauna in the Miocene deposits 
of the Bugti Hills, Baluchistan. 


Chavrmm.—VTofe8aoi S. J. Hick- 
son. 

Secretary,— Mi. E. S. Goodrich. 
Sir E. &y Lankester, Professor 
A. Sedgwick, Professor W. C. 
McIntosh, Dr. S. F. Harmer, Mr. 
G. P. Bidder, Dr.W.B. Hardy, and 
Professor A. D. Waller. 

Chaimiati.—I>i. H. Woodward. 
Secretary.— Dr. F. A. Bather. 

Dr. P. L. Sclater, Rev. T. R. R. 
Stebbing, Dr. W. B. Hoyle, the 
Hon. Walter Rothschild, and 
Lord Walsingham. 

Chairman. — Dr. A. E. Shipley. 
Secretary,— Mr, H. S. Leigh. 
Messrs. J. N. Halbert, Robert 
Newstead, Clement Reid, A. G. 
L. Rogers, and F. V. Theobald. 
Professor F. E. Weiss, Dr. C. 
Gordon Hewitt, and Professors 
S. J. Hickson, F. W. Gamble, 

G. H. Carpenter, and J. Arthur 
Thomson. 

Chairman. — Dr. A. B. Shipley. 
Secretary.— VrotQB^OY J. Stanley 
Gardiner. 

Professor W, A. Herdman, Rev. 
W. Spotswood Green, Mr. E. S. 
Goodrich, Dr. H. W. Marett 
Tims, and Mr. R. M. Barrington. 

Chairman, — Professor G.C. Bourne. 
Secretary, — Mr.C. Forster Cooper. 
Drs. A. Smith Woodward, A. E. 
Shipley, C. W. Andrews, and | 

H. F. Gadow and Professor J. ; 

Stanley Gardiner. I 


Grants 

£ s. d. 
15 0 0 

45 0 0 


75 0 0 


75 0 0 

5 0 0 


30 0 0 


30 0 0 
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RESEARCH COMMITTEES. 


1. Receiving Grants of Money— coxi\\r\)XeK\. 

Subject for Investigation, or Purpose Members of Committee Grants 


Section E.— GEOGEAPHY. 

£ s. d. 

To complete the map of Prince Chairman Mr. G. G. Chitholm. tMU 0 0 

Charles Foreland, Spitsbergen, 8eoretdrif.—-J>i, R. N. Rudmose 
based on the surveys of 19u6, Brown. 

1907^ find 1909, made by Dr. Sk Duncan Johnston and Mr. 

W. S. Bruce. E. A. Reeves. 

Upon a new series of equal area Chairman . — Professor A. J. Her- 20 0 0 

maps, to measure areas of bertson. 
vertical relief, vegetation, and 8seTetary.~-yLT. E. A. Reeves, 
rainfall ; to c^culate the mean Dr. H. R. Mill, Mr. G. G. Chisholm, 
levels of tlie sphere, the con- and Colonel 0. F. Close, 
tiiients and the oceans, and the 
total mean annual rainfall over 
the lands. 


Section F.— ECONOMIC SCIENCE AND STATISTICS. I 

( The Amount and Distribution of Chairman. — Profe.ssor E. Caiman. 0 0 

•' Income (other than Wages) be- Secretary . — Professor A. L. Bow- 
low the Income-tax exemption ley. 

limit in the United Kingdom. Dr. W. R. 8cott, and Professors 

F. Y, Edgeworth and II. B. Lees 
Bmith. 

Section G.— ENGINEEEING. 

The Investigation of Gaseous Ex- Chairman.— Sir W. H. Preece. 90 0 0 
plosions, with special reference Secretaries. — Mr. Dugald Clerk 
to Temperature. and Professor B. Hopkinson. 

Professors W. A. Bone, F. W. Bur- 
stall, H. L. Callendar, E. G. 

Coker, W. E. Dalby, and H. B. 

Dixon, Drs. R. T. Glazebrook 
and J. A. Darker , Colonel H. C. L. 

Holden, Professor J. E. Petavel, 

Captain H. Riall Sankey, Pro- 
fessor A. Smithells, Professor 
W. Watson, Mr. D. L. Chapman, I 
and Mr. H. E. Wimperis. 

Section H.— ANTHEOPOLOGY. 

To investigate the Lake Villages Clmirman. — Dr. R. Munro. 6 0 0 

in the neighbourhood of Glas- Secretary.— Vroiessor W. Boyd 
tonbury in connection with a Dawkins. 

Committee of the Somerset ProfessorW. Ridgeway, Dr. Arthur 
Archaeological and Natural J. Evans, Dr. C. H. Read. Mr. 

History Society. H. Balfour, and Mr. A. Bulleid. 

To co-operate with Local Com- GAairnkiTi.— Professor J. L.Myres. 10 0 0 

mittees in Excavations on Secretary. — ProfessorR. C. Bosan- 
Roman Sites in Britain. quet. 

Dr. T. Ashby and Professor W. 

I Ridgeway. 



RESEARCH COMMITTEES, 


CXXXV 


I. Receiving ^ continued. 


Subject for Investigation, or Purpose 

Members of Committee 

Grants 

To conduct Explorations with the 
object of ascertaining the Age 
of Stone Circles. 

Cha%finanb.--Di, C. H. Read. 
Secretary,— lAx, H. Balfour. 

Lord Avebury, Professor W. Ridge- 
way, Dr. J. Q. Qarson, Dr. A. J. 
Evans, Dr. R. Munro, Professor 
Boyd Dawkins, and Mr. A. L. 
Lewis. 

£ s.d. 
30 0 0 

To prepare a New Edition of Notes 
and Queries in Anthropology. 

Chairman. — Dr. C. H. Read. 
Secretary. — Professor J. L. Myres. 
Mr. E. N. Fallaize, Dr. A. C. Had- 
don, Mr. T. A. Joyce, and Drs. 
C. S. Myers, W. H. R. Rivers, 
C. G. Seligmann, and F. C. 
Shrubsall. 

40 0 0 

To investigate and ascertain the 
Distribution of Artificial Is- 
lands in the lochs of the High- 
lands of Scotland. 

Chairman. — Dr. R. Munro. 
Secretary. — Professor J. L. Myres. 
Professors T. H. Bryce and W. 

J Boyd Dawkins. 

10 0 0 

Section I.— PHYSIOLOGY. 


The Ductless Glands. 

1 Chairman. — Professor Schafer. 

: Secretary —Professor Swale Vin- 
cent. 

Professor A. B. Macallnm, Dr. L. E. 
Shore, and Mrs.W. H. Thompson. 

40 0 0 

Body Metabolism in Cancer. 

Chairman. — Professor C. S. Sher- 
rington. 

Secretary. — Dr. S. M. Gopeman. 

6 13 0 

To aid competent Investigators 
selected by the Committee to 
carry on definite pieces of work 
at tlie Zoological Station at 
Naples. 

Chairman.- Professor S. J. Hick- 
son. 

Secretary. — Mr. E. S. Goodrich. 

Sir E. Ray Lankester, Profe.ssor 
A. S^gwick, Professor W. C. 
McIntosh, Dr. S. F. Harraer, 
Mr. G. P. Bidder, Dr. VV. B. 
Hardy, and Professor A. D. 
Waller. 

25 0 0 

To acquire further knowledge, 
Clinical and Experimental, con- 
cerning Anaesthetics — especially 
Chloroform, Ether, and Alco- 
hol— with special reference to 
Deaths by or during Anaesthesia, 
and their possible diminution. 

Chairman. — Dr. A. D. Waller. 
Secretary . — Dr. F. W. Hewitt. 

Dr. Blumfcld, Mr. J. A. Gardner, 
and Dr. G. A. Buckmaster. 

20 0 0 

Mental and Muscular Fatigue. 

Professor C. S. Sh'jr- 

lington. 

Seor^ry . — Dr. W. MiicDougall. 
Professor J. S. MacDonald, Mr. 

H. Sackville Lawson, and Mr. 

G. Chapman. 

25 0 0 



cxxxvi 


RESEARCH COMMITTEES. 


1. Receiving Grants of Money— 


Subject for Investigatioo, or Purpose 

Members of Committee 

Electromotive Phenomena in 
Plants. 

Chairman. — Dr. A. D. Waller. 
Secretary. — Mrs. Waller. 

Professors F. Gotch, J. B. Farmer, 
and Veley, and Dr. F. O’B. 
Ellison. 

The Dissociation of Oxy-Hsemo- 
globin at High Altitudes. 

Chairman . — Professor E. H. Star- 
ling. 

Secretary. — Dr. J. Barcroft. 

Dr. W. B. Hardy. 


Section K. — BOTANY. 
The Structure of Fossil Plants. 


The Experimental Study of 
Heredity. 

A Botanical, Zoological, and Geo- 
logical Survey of Clare Island. 


To carry out the scheme for the 
Registration of Negatives of 
Botanical Photographs. 


Chairman, — Dr. D. H. Scott. ^ 
Secre^wrg , — Professor F.W. Oliver. 
Mr. E. Newell Arber and Professors 
A. C. Seward and F. B. Weiss. 

Ckairman,--^t, Francis Darwin. 
8ecfeM/rg,—‘RLT, A. G. Tansley. 
Professors Bateson and Keeble. 

^^irm/i.—Professor T. Johnson. 
Secretary,— VLt. R. Lloyd Praeger. 
Professor Grenville Cole, Dr. 
Scharil, and Mr. A. G. Tansley. 

Citairman . — Professor F .W .Oliver. 
Secretary. —Professor F. B. Weiss. 
Dr. W. G. Smith, Mr. A. G. 
Tansley. Dr. T. W. Woodhead, 
and Professor B. H. Yapp. 


Section L.— EDUCATIONAL SCIENCE. 


To inquire into and report upon 
I the methods and results of 
j research into the Mental and 
I Physical Factors involved in 

/ Education. i 


: Chairman. — ProfessorJ. J. Findlay. 

! Secretary.— PioiessQx J. A. Green. 
Professors J. Adams and E. P. 
Culverwell, Mr. G. F. Daniell, j 
Miss B. Foxley, Mr. J. Gray, 
Professor R. A. Gregory, Dr. 

C. W. Kimmins, Professor W. 
MacDougall, Dr. T. P. Nunn, 
Dr. W. H. R. Rivers, Dr. 0. 
Spearman, Miss L. Edna Walter, 
and Dr. F. Warner. 


CORRESPONDING SOCIETIES. 


Corresponding Societies Com- 
mittee for the preparation of 
their Report. 


Chairma/n. — Mr. W. Whitaker. 
Seeretany. — Mr. W. P. D. Stebbing. 
Rev. J. 0. Bevan, Sir Edward 
Brabrook, Dr. J. G. Garson, 
Principal E. H. Griffiths, Dr. 
A. C. Haddon, Mr. T. V. Holmes, 
Mr. J. Hopkinson, Mr. A. L. 
Lewis, Mr. F. W. Rudler, Rev. 
T. R. R. Stebbing, and the 
President and General Officers 
of the Association. 


Grants 

£ ».ih 
10 0 0 

25 0 0 

16 0 0 

I 

45 0 0 

20 0 0 

10 0 0 

10 0 0 


20 0 0 



REkSEARCH committees. 
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2. Not receiving Qrants of Money, 


Subject for InvestigatioD, or Purpose 


Members of Committee 


Section A.— MATHEMATICS AND PHYSICS. 


Making Experiments for improving 
the Construction of Practical Stan- 
dards for use in Electrical Measure- 
ments. 


The further Tabulation of Bessel and 
other Functions. 


To consider the advisability of drawing 
up a Report on Non-Euclidean Geo- 
metry, and to draw up the Report if 
it should seem advisable. 


Chairman, — Lord Rayleigh. 

Secretary. — Dr. R. T. Glazebrook. 
Professors!. Perry and W. G. Adams, Dr. 
G. Carey Foster, Sir Oliver Lodge, Dr. | 
A. Muirhead, Sir W. H. Preece, Pro- ; 
fessor A. Schuster, Dr. J. A. Fleming, 
Professor Sir J. J. Thomson, Dr. W. N. 
Shaw, Dr. J. T. Bottomley, Rev. T. C. 
Fitzp^rick, Dr. G. Johnstone Stoney, 
Professor S. P. Thompson, Mr. J. 
Rennie, Principal E. H. Griffiths, Sir 
Arthur Rucker, Professor H. L. Cal- 
lendar, and Messrs. G. Matthey, T. 
Mather, and F. E. Smith. 

Chairman. — Professor M. J. M. Hill. 
Se&retary.—ULv. J. W. Nicholson. 
Professor Alfred Lodge, Dr. L. N. G. 
Filon, and Sir G. Greenhill. 

Chairman. — Dr. H. F. Baker. 

Secreta/ry. — Mr. D. M. Y. Sommerville. 
Professor Chrystal and Mr, A. N. White- 
head. 


Section B.— CHEMISTRY. 

The Study of Isomorphous Sulphonic Chairman. — Professor H. A. Miers. 
Derivatives of Benzene. Secretary. — Professor H. E. Armstrong. 

Professors W. P. Wynne and W. J. Pope. 


Section C.— GEOLOCY. 


To determine the precise Significance 
of Topographical and Geological 
Terms used locally in South Africa. 


To investigate the Fossil Flora and 
Fauna of the Midland Coalfields. 


The Collection, Preservation, and Sys- 
tematic Registration of Photographs 
of Geologicietl Interest. 


Chairman. — Mr. G. W. Lamplugh. 
Secretary.— T>x. F. H. Hatch. 

Dr. G. Corstorphine and Messrs. A. De 
Toit, A. P. Hall, G. Kynaston, F. P. i 
Mennell, and A. W. Rogers. 

Chairman. — Dr. L. Moysey. 

Secretary. — Mr. B. Hobson 
Dr. Wheellon Hind, Mr. H. Bolton, and 
Dr. A. R. Dwerryhouse. 

Chairman. — Professor J. Geikie. 
Secretaries.— W. W. Watts and 
8. H. Reynolds. 

Dr. T. Anderson, Mr. G. Bingley, Dr. T. 
G. Bonney, Mr. 0. V. Crook, Professor 
S. J. Garwood, and Messrs. W. Gray, 

B. Kidston, A. S. Reid. J. J. H. Teall, 
R. Welch, W. Whitaker, and H. B. 
Woodward. 
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RESEARCH COMMITTEES 


2. Not receiving OranU of continued. 


Subject for Investigution, or Purpose 


To consider the preparation of a List of 
Characteristic Fossils. 


Members of Committee* 

Chairman . — Professor P. F. K<*iulall. 
Secretary. — IMr. W. I^ower Carter. 
Professor W. S. lioulton, Professor Q. 
Cole, Dr. A. R. Dwerryhouse, Profes- 
sors J. W. Gregory, Sir T. II. Holland, 
and S. IT. Reynolds, Miss M. C. 
Stopos, Mr. Cosmo Johns, Dr. J. K. 
Marr, Dr. A. Vaughan, Professor 
W. W. Watts, and Dr. A. Smith 
Woodward. 


Sectiox D. 

To continue the Investigation of the 
Zoology of the Sandwich Islands, 
with power to co-operate witli the 
Committee appointed for the purpose 
by the Royal Society, and to avail 
themselves of such assistance in their 
investigations as may be offered by 
the Hawaiian Government or the 
Trustees of the Museum at Honolulu. 
The Committee to have power to dis- 
pose of specimens where advisable. 

To summon meetings in Ijondon or else- 
where for the consideration of mat- 
ters affecting the interests of Zoology 
or Zoologists, and to obtain by corre- 
spondence the opinion of Zoologists 
on matters of a similar kind, with 
power to raise by subscription from 
each Zoologist a sum of money for 
defniying current expenses of the 
Organisation. 

To nominate competent naturalists 
to perform definite piece.s of work at 
the Marine Laboratory, Plymouth. 


ZOOLOGY. 

Chaimia7i.—T)v. F. Du Cane Godman. 

' Si'irretary. — Dr. David Sharp. 

Professor S. J. Hickson, Dr. P. L. Sclater, 
and Mr. Edgar A. Smith. 


Chairman . — Sir E. Ray Lankester. 

Secrcta/ry . — Professor S. J. Hickson. 

Professors G. C. Bourne, J. Cossar Ewart, 
M. Hartog, W. A. Herdman, and J. 
Graham Kerr, Mr. 0. H. Latter, Pro- 
fessor Minchin, Dr. P. C. MiUffiell, 
Professors K. B. F*oulton and A. Sedg- 
wick, and Dr. A. E. Shipley. 


Chairman and -Professor A. 

Dendy. 

Sir E. Ray Lankester, Professor A. Sedg- 
wick, Professor Sytlney H. Vines, and 
Mr. E. S, Goodrich. 


To enable Mr. Laurie to conduct Ex- 
periments in Inheritance. 


/ 


Hmirman , — Professor W. A. TIerdman. 
Secretary. — Mr. Douglas Liaurie. 
l*rofes8or R. C. Punnett and Dr. II. W. 
Marett Tims. 


I To formulate a Definite .System on Chairman.— Profcs.<<or J. W. H. Trail 
1 which Collectors should record their Secretary — Mr. F. Balfour Browne, 
j captures. | Dr. Scharff, Professor G. II. Carpenter, 

1 ' Professor K. B. Poulton, and Mr. A. G. 

1 1 Tanslcy. 


Section H.— ANTHROPOLOGY. 


The Collection, Preservation and 
Systematic Registration of Photo- 
graphs of Anthropological Interest. 


Chairman. — Dr. C. H. Read. 

Secretary. — Mr. H. S. Kingsford. 

Dr. G. A. Auden, Mr. E. Heawood, and 
Professor J. L. Myres. 



RESEARCB COMMITTEES. 
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2. Not receiving Grants of jirw«^*y“Contimicd. 


Subject for Invcintigation, or Purpose 

To organise Antliropomctric Investiga- 
tion in the British Isles. 


To excavate Neolitliic Sites in Northern 
Greece. 


To coniluct Archajological and Ethno- 
logical Researches in Crete. 


To advise on the best method of pub- 
lishing a collection of Hausa Folk- 
lore with translations and gramma- 
tical notes. 

To report on the present state of know- 
ledge of the Prehistoric Civilisation 
of the Western Mediterranean with 
a view to future research. 

To co-operate with a local Committee 
in the excavation of a prehistoric 
site at Bishop’s Stortford. 


I Members of Committee 

Chairman . — Professor A. Thomson. 
Secretary, — Mr. J. Gray. 

Dr. F. C. Shrubsall. 

Chairman . — Professor W. Ridgeway. 
Secretary . — Professor J. L. Myres. 

Mr. J. P. Droop and Mr. 1). G. Hogarth. 

Chairman. — Mr. D. G. Hogarth. 
Secreta/ry . — Professor J. L. Myres. 
Professor R. C. Bo.«aiKinet, Dr. W. L. H. 
Duckworth, Dr. A. J. Evan.s, Professor 
A. Macalister, Pn)fessor W. Ridgeway, 
and Dr. F. C. Shrubsall. 

Chairman. — Mr. E. S. Ilartland. 
Strretary. — Dr. A. C. Haddon. 

Professor J. L. Myres. 


Chairman . — Professor \V. Ridgeway. 
Secreta/ry . — Professor J. L. Myres. 

Dr. T. Ashby, Dr. VV. L. H. Duckworth, 
Mr. D. G. Hogarth, and Dr. A. J. Evans. 

Chairman . — Professor W. Ridgeway. 
Secretary.— llev. Dr. A. Irving. 

Dr. A. C. Haddon and Dr. H. W. Marett 
Tims. 


Section I. --PHYSIOLOGY. 


The Effect of Climate upon Health 
and Disease. 


Tissue Metabolism, for the Investiga- 
tion of the Metabolism of Special 
Organs. 


Chairman , — Sir T. Laiuler Brunton. 

Secretaries. — Mr. J. Barcrof t and Lieut.- 
Col. Simpson. 

Colonel Sir 1). Bruce, Dr. S. G. Camp- 
bell, Sir Kendal Franks, Professor 
J. G. McKendrick, Sir A. Mitchell, 
Dr.^ Porter, Dr. J. L. Todd, Professor 
Sims Woodhead, and the Heads of the 
Tropical Schools of Liverpool, London, 
and Edinburgh. 

Chairman . — Professor E. H. Starling. 

-Professor T. G. Brodie. 

Dr. J. S. Haldane. 


Section K.— BOTANY. 


To consider the promotion of the Study 
of the Plant Life of the British 
Islands, and the preparation of the 
materials for a National Flora. 


Profesfor J. W. H. Trail. 
Professor R. H. Vapp. 
Colonel D. Prain, Profe.ssor I. Bayley 
Balfour, Mr. R. Lloyd Pnieger, Mr. A. 
B. Rendle, Dr. W. G. Smith, and Mr. 
A. G. Tansley. 
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RESEARCH COMMITTEES. 


2. Not receiving Grants of Money — continued. 


Subject for Investigation, or Purpose 


Members of Committee 


Section L.-~EDUCATIO]SrAL SCIENCE. 


To take notice of, and report upon 
changes in, Regulations — whether 
Legislative, Administrative, or made 
by Local Authorities — affecting 
Secondary Education. 

To inquire into the Curricula and Edu- 
cational Organisation of Industrial 
and Poor Law Schools with special 
reference to Day Industrial Schools. 

To report upon the Course of Experi- 
mental, Observational, and Practical 
Studies most suitable for Elementary 
Schools. 


To inquire into and report upon the 
overlapping between Secondaiy Edu- 
cation and that of Hnivensities and 
other places of Higher Education. 


Chairman.— Philip Magnus. 

Secretary. — Professor II. E. Armstrong, j 

Mr. S. H. Butcher, Sir Henry Craik, j 
Principal Griffiths, Sir Horace Plun- ; 
kett, and Professor M. E. Sadler. 

Chairman. — Mr. W, D. Eggar. 

Secretary. — Mrs. W. N. Shaw. 

Mr. J. L. Holland, Dr. C. W. Kirninins, : 
and Mr. J. G. Lcgge. i 

Chairman.— ^\t Philip Magnus. 

Secretary. — Mr. W. M. Heller. 

Sir W. de W. Abney, Mr. K. 11. Adie, ' 
Professor H. E. Armstrong, Miss L. .1. i 
Clarke, Miss A. J. Cooper, Mr. George 
Fletcher, Professor R. A. Gregory, | 
Principal Griffiths, Mr. A. D. Hall, i 
Dr. A. J. Herbert-son, Dr. C. W. | 
Kimmins, Professor L. C. Mi all. Pro- ; 
fessor J. Perry, Mrs. W. N. Shaw, 
Professor A. Smithells, Dr. Lloyd 
Snape, Sir H. R. Reichcl, Mr. H. 
RieWdson, and Professor W. W. 
Watts. 

Principal Miers. 

Secretary. —Professor R. A. Gregory. 

Messrs. 1). Benidge and C. H. Botham - 
ley. Miss L. Clarke, Miss A. J. 
Cooper, Miss B. Foxley, Principal 
E. H. Griffiths, Mr. H. Bompas Smith, 
and Professor Smithells. 



RESOLUTIONS, ETC. 
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Communicalions ordered to be 'printed in exl€nso. 

Report on Solubility, by Dr. J. V. Eyre. 

Discussion on Dr. Bone’s Report on Combustion (to follow the Report). 

The Present Stfite of the Theory of Integral Equations, by Mr. H. Bateman. 
Bibliography of Papers on Photo-electric Fatigue, by Dr. H. S. Allen. 


Resolutions referred to the Council for consideration, and, if desirable^ 

for action. 

From the. General Committee. 

That the Recommendation to form a permanent Sub-section of Ag;;iculture, 
contained in paragraph V. of the Report of the Council, be referred back to 
the Council. 

From Section D. 

That Section D reaffirms its resolution of September 3, 1908, and urges the 
Nomenclature Commission of the International Congress of Zoology to draw up 
an official list of generic names, with as little delay as possible, which shall 
not on noincnclatorial grounds be changed unless with the sanction of the 
Commission. 

From Section E. 

That the Council be requested to bring under the notice of His Majesty’s 
Government the high prices that recently have been fixed for many Geological 
Survey Maps, which tend to keep the v^oable information given by these maps 
from being circulated as freely as it ought to be, the sale now being practically 
limited to persons of some means. 

From Section H. 

To recommend the Council to bring to the notice of His Majesty’s Secretary 
of State for the Colonies the defects of the present administration of antiquities 
in Cyprus and to urge the necessity of prompt and efficient measures under 
a trained official directly responsible to the Island Government to prevent the 
destruction and spoliation of ancient remains in the island. 

From Section 1. 

The Committee of Section I begs to call attention to the fact that during 
the past year resolutions have been adopted by the General Medical Council 
in support of early legislation to secure letter regulation of the administration 
of general anesthetics, and that the recent report of a Departmental Committee 
of the Home Office has laid special stress upou«.ihe need of careful clinical 
observation controlled by physiological experiments. 

The Committee asks the Association to support such legislation and inquiry. 


Recommendations referred to the Council for consideration, and, if 
desirable, for action. 

That the following Committees be authorised to receive contributions from 
sources other than the Association : — 

‘To conduct Explorations with a view to ascertaining the Age of Stone 
•Circles.’ (Section H.) 

‘ To aid investigators ... to carry on . . . work at the Zoological Station 
at Naples.’ (Section D.) 



cxlii SYNOPSIS OF GRANTS OF MONEY. 


Syiiopsis of Grants of Money appropriated for Scientific Purposes by the 
General Committee at the Sheffield Meeting^ September 1910. 
The Names of Members entitled to call on the General Treasurer for 
the Grants are prefixed. 


Mathematical and Physical Science, £ s d 

^Turner, Professor H. H. — Seisinological Observations 60 0 0 

*Preece, Sir W. H. — Magnetic Observations at Falmouth ... 25 0 0 

♦Gill, Sir David —Establishing a Solar Observatory in 

Australia 50 0 0 

♦Shaw, Dr. W. N. — Investigation of the Upper Atmosphere 25 0 0 

Grant to the International Commission on Physical and 

Chemical Constants 30 0 0 


Chemistry, 


♦Divers, Professor .E. — Study of Hydro-aromatic Substances 20 0*0 

♦Armstrong, Professor H. E. — Dynamic Isomerism , 25 0 0 

♦Kipping, Professor F. S. — Transformation of Aromatic Nitro- 

amines * 15 0 0 

♦Kipping, Professor F. S. — Electroanalysis .• 15 0 0 

Arnold, Professor J. O. —Influence of Carbon, Ac., on Corro- 
sion of Steel • 15 0 0 

Geology, 

♦Tiddeman, R. H. — Erratic Blocks 10 0 0 

♦Marker, A. — Crystalline Rocks of Anglesey 2 0 0 

♦Lapwortli, Professor C. — Paheozoic Rocks of Wales ahd.the 

West of England * 10 0 0 

♦ IVatfcs, Professor W. W. — Composition of Charnwood Rocks 2 0 0 

♦Watts, Professor W. W. — Igneous and Associated Rocks of 

Glensaul, &c 15 0 0 

Bourne, Professor G. C^i — Mammalian Fauna in Miocene 

Deposits, Bugti Hills, Baluchistan ! i. 45 0 0 

Zoology, 

♦Hickson, Professor S. J. — Table at the Zoological Station at 

Naples 75 0 0 

♦Woodward, Dr. H. — Index Animalium 75 0 0 

♦Shipley, A. E. — Feeding Habits of British Birds 5 0 0 

Shipley, Dr. A. E. — Belmullet Whaling Station 30 0 0 

Bourne, Professor G. C. — Mammalian Fauna in Miocene v 

Deposits, Bugti Hills, Baluchistan 30 0 0 


Carried forward £579 0 0 


** Beappointed. 
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Brou^^ht forward 


£ 8, > d, 
579 0 0 


Geography. 


Chisholm, O. (i. -Map of Princo Charles Foreland 30 0 0 

Herbertson, Professor A. J. — Equal Area Maps 20 0 0 


Economic Science and Statistics, 

^Cannan, Professor E. — Amount and Distribution of Income 

below the Income-tax Exemption Limit 5 0 0 


♦Preece, Sir W. H. — Gaseous Explosions 


90 0 0 


Anthropology, 

♦Munro, Dr. R. — Lake Villages in the neighbourhood of Glas- 


tonbury 5 0 0 

♦Myres, Professor J, L. — Excavations on Roman Sites in * 

Britain 10 0 0 

*Read, Dr. C. H: — Age of Stone Circles 30 0 0 

*Read, Dr. C. H. — Anthropological Notes and Queries 40 • 0 0 

Monro, Dr. R. — Artificiajl Islands in Highland Lochs 10 0 0 


Physiology, 


*Schafer, Professor E. A. — The Ductless Glands 40 0 0 

•Sherrington, Professor C. S. — Body Metabolism in Cancer... C 13 0 

•Hickson,* Professor S. J.— -Table at the Zoological Station at 

Naples 25 0 0 

^Waller, Dr. A. D. — Amesthetics 20 0 0 

•Sherrington, Professor G. S.— Mental and Muscular Fatigue 25 0 0, 

•Waller, Dr. A. D. - Electromotive Phenomena in Plants ... 10 0 0 

•Starling, Professor E. H. —Dissociation of Oxy-Hjcmoglobin 25 0 0 


Botany, 

•Scott, Dr. D. H. — Structure of Fossil Plants 15 0 0 

•Darwin, Dr. P. — Experimental Study of Heredity 45 0 0 

•Johnson, Professor T. — Survey of Clare Island 20 0 0 

•Oliver, Professor F. W, — Registration of Botanical Photo- 
graphs ^ ^ 

CarriM forward : 5^1060 13 0 


• Reappointed. 
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Brought forward 1060 13 0 

Education. 

*Eindlay,^ Professor J. J. — Mental and Physical Factors in- 
volved in Education 10 0 0 

Corresponding Societies Committee. 

♦Whitaker, W. — For Preparation of Beport 20 0 0 

Total £1090,13 0 

* Reappointed. 


Annual Meetings^ 1911 and 1912. 

The Annual Meeting of the Association in 1911 will be held at 
Portsmouth, eomniencing August 30 ; in 1912, at Dundee. 
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The Bbv. Professob T. G. BONNEY, So.D., LL.D., F.E.S., 

PRESIDENT. 


Tuibty-one years have passed since the British Association met in 
Sheffield, and the interval has been marked by exceptional progress. A 
town has become a city, the head of its municipality a Lord Mayor; its 
area has been enlarged by more than one-fifth; its population has 
increased from about 280,000 to 479,000. Communication has been 
facilitated by the construction of nearly thirty-eight miles of electric 
tramways for home service and of new railways, including alternative 
routes to Manchester and London. The supplies of electricity, gas, 
and water have more than kept pace with the wants of the city. The 
first was just being attempted in 1879; the second has now twenty- 
three times as many consumers as in those days ; the story ^ of the 
third has been told by one who knows it well, so that it is enough for me 
to say your water-supply cannot be surpassed for quantity and quality 
by any in the kingdom. Nor has Sheffield fallen behind other cities 
in its public buildings. In 1897 your handsome Town Hall was opened 
by the late Queen Victoria; the new Post Office, appropriately built and 
adorned with material from almost local sources, was inaugurated less 
than two months ago. The Mappin Art Gallery commemorates the 
munificence of those whose name it bears, and fosters that love of the 
beautiful which Euskin sought to awaken by his liberal gifts. Last, 
but not least, Sheffield has shown that it could not rest satisfied till its 
citizens could ascend from their own doors to the highest rung of the 
educational ladder. Firth College, named after its bountiful founder, 
was born in the year of our last visit ; in 1897 it received a charter as 
the University College of Sheffield, and in the spring of 1905 was 
created a University, shortly after which its fine new buildings were 

^ Hiatofy and Description of Sheffield Water Works, W. Terrey, 1908 . 

' ' ‘ B 2 
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opened by the late King; and last year its Library, the generous gift of 
Dr. Edgar Allen, was inaugurated by his successor, when Prince of 
Wales. ' I must not now dwell on the great work which awaits this and 
other new universities. II? is for them to prove that, so far from abstract 
thought being antagonistic to practical work, or scientific research to the 
labour of the factory or foundry, the one and the other can harmoniously 
co-operate in the advance of knowledge and the progress of civilisation. 

You often permit your President on these occasions to speak of a 
subjectin which he takes a special interest, and I prefer thus trespassing 
on your kindness to attempting a general review of recent progress in 
science. I do not however propose, as you might naturally expect, 
to discuss some branch of petrology ; though for this no place could be 
more appropriate than Sheffield, since it was the birthplace and the 
lifelong home of Henry Clifton Sorby, who may truly be called the father 
of that science. This title he won when, a little more than sixty years 
ago, he began to study the structure and mineral composition of rocks 
by examining thin sections of them under the microscope.* A rare com- 
bination of a singularly versatile and active intellect with accurate 
thought and sound judgment, shrewd in nature, as became a Yorkshire- 
man, yet gentle, kindly, and unselfish, he was one whom his friends 
loved and of whom this city may well be proud. Sorby 's name will be 
kept alive among you by the Professorship of Geology which he has 
endowed in your University ; but, as the funds will not be available for 
some time, and as that science is so intimately connected with metal- 
lurgy, coal-mining, and engineering, I venture to express a hope that 
some of your wealthier citizens will provide for the temporary deficiency, 
and thus worthily commemorate one so distinguished. 

But to return. I have not selected petrology as my subject, partly 
because I think that the great attention which its more minute details 
have of late received has tended to limit rather than to broaden our 
views, while for a survey of our present position it is enough to refer to 
the suggestive and comprehensive volume published last year by Mr. A. 
Ilarker; * partly, also, because the discussion of any branch of petrology 
would involve so many technicalities that I fear it would be found 
tedious by a largo majority of my audience. So I have preferred to 
discuss some questions relating to the effects of ice which had engaged 
my attention a dozen years before I attempted the study of rock slices. 
As much of my petrological work has been connected with mountain 

^ His subsequent investigations into the miorosoopio structure of steel and other 
alloys of iron, in the manufacture of which your city holds a foremost place, have 
been extended by Mr. J. £. Stead and others, and they, besides being of great value 
to industrial progress, have thrown important sidelights on more than one dark 
place in petrology. 

^ The NaUircH Hielory of Igneous Rocks (1909).' 
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districts, it has been possible for me to carry on the latter without 
neglecting the former, and my study of ice-work gradually led nie from 
the highlands into the lowlan^.^ I purpose, then, to ask your attention 
this evening tp some aspects of the glacial history of Western Europe. 

At no very distant geological epoch the climate in the northern 
part of the earth was much colder than it is at present. So it was 
also in the southern ; but whether the two were contemporaneous is less 
certain. Still more doubtful are the extent and the work of the ice which 
was a consequence, and the origin of certain deposits on some northern 
lowlands, including those of our own islands : namely, whether they are 
tlie direct leavings of glaciers or were laid down beneath the sea by 
floating shore-ice and bergs. Much light will be thrown on this complex 
problem by endeavouring to ascertain what snow and ice have done in 
some region which, during the Glacial Epoch, was never submerged, 
and none better can be found for this purpose than the European Alps. 

At the present day one school of geologists, which of late years has 
rapidly increased in number, claims for glaciers a very large share in the 
sculpture of that chain, asserting that they have not only scooped out 
the marginal lakes, as Sir A. Eamsay maintained full half a century 
ago, but have also quarried lofty cliffs, excavated great cirques, and 
deepened parts of the larger Alpine valleys by something like two 
thousand feet. The other school, while admitting that a glacier, in 
special circumstances, may hollow out a tarn or small lake and modify 
the features of rock scenery, declares that its action is abrasive rather 
than erosive, and that the sculpture of ridges, crags, and valleys was 
mainly accomplished in pre-glacial times by running water and the 
ordinary atmospheric agencies. 

In all controversies, as time goes on, hypotheses are apt to mas- 
querade as facts, so that I shall endeavour this evening to disentangle 
the two, and call attention to those which may be safely used in drawing 
a conclusion. 

In certain mountain regions, especially those where strong lime- 
stones, granites, and other massive rocks are dominant, the valleys are 
often trench-like, with precipitous sides, having cirques or corries at 
their heads, and with rather wide and gently sloping floors, which 
occasionally descend in steps, the distance between these increasing with 
that from the watershed. Glaciers have unquestionably occupied many 
of these valleys, but of late years they have been supposed to have taken 
a large share in excavating them. In order to appreciate their action 
we must imagine the glens to be filled up. and the district restored to its 
former condition of a more or less undulating upland. As the mean 

^ May I add that hereafter a statement of facts without mention of an authority 
“loans that I am speaking from personid knowledge 7 
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temperaturB * declined snow would begin to accumulate in inequalities 
on the upper slopes. This, by melting and freezings would soften and 
corrode the underlying material, which would then bo removed by rain 
and wind, gravitation and avalanche. In course of time the hollow 
thus formed would assume more and more the outlines of a corrie or a 
cirque by eating into the' hillside. With an increasing diameter it would 
be occupied, as the temperature fell, first by a permanent snowfield, 
then by the of a glacier. Another process now becomes important, 
that called * sapping.' While ordinary glacier-scour tends, as we are 
told, to produce " sweeping curves and eventually a graded slope, * 
' sapping ' produces ' benches and cliffs, its action being horizontal and 
backwards, ' and often dominant over scour. The author of this hypo- 
thesis * convinced himself of its truth in the Sierra Nevada by descending 
a bergsckrund 150 feet in depth, which opened out, as is so common, 
beneath the walls of a cirque. Beginning in the nivi, it ultimately reached 
the cliff, so that for the last thirty feet the bold investigator found rock on 
the one hand and ice on the other. The former was traversed by fracture 
planes, and was in all stages of displacement and dislodgment; some* 
blocks having fallen to the bottom, others bridging the narrow chasm, 
and others frozen into the n^vd. Clear ice had formed in the fissures of 
the cliff ; it hung down in great stalactites ; it had accumulated in stalag- 
mitic masses on the floor. Beneath the the temperature would be 
uniform, so its action would be protective, except where it set up 
another kind of erosion, presently to be noticed; but in the chasm, we 
are informed, there would be, at any rate for a considerable part of the 
year, a daily alternation of freezing and thawing. Thus the cliff would 
be rapidly undermined and be carried back into the mountain slope, so 
that before long the glacier would nestle in a shelter of its own making. 
Further down the valley the moving ice would become more effective 
than sub-glacial streams in deepening its bed ; but since the ndvd-flow is 
almost imperceptible near the head, another agency must be invoked, 
that of ‘ plucking.' The ice grips, like a forceps, any loose or projecting 
fragment in its rocky bed, wrenches that from its place, and carries it 
away. The extraction of one tooth weakens the hold of its neighbours, 
and thus the glen is deepened by ‘ plucking, ' while it is carried back 
by * sapping. ' Streams from melting snows on the slopes above the 
amphitheatre might have been expected to co-operate vigorously in 
making it, but of them little account seems to be taken, and we are even 
told that in some cases the winds probably prevented snow from resting 
on the rounded surface betwe^p two cirque-heads.® As these receded, 

' ^ In the remainder of this Address * temperature * is to be understood as mean 

temperature. Hie Fahrenheit scale is used. 

^ W. D. Johnson, Science, N.S., iz. (1899), pp. 106, 112. 

^ This does not appear to have occurred in the Alps. 
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only a narrow neck would be left between them, which would be ulti- 
mately cut down into a gap or ' col. ’ Thus a region of deep Yalle;^s with 
precipitous sides and heads, of sharp ridges, and of more or less isolated 
peaks is substituted for a rather monotonous, if lofty, highland. 

*The hypothesis is ingenious, but some students of Alpine scenery 
think more proof desirable before they can accept it as an axiom. For 
instance, continuous observations are necessary to justify the assump 
tion of diurnal variations of temperature sufficient to produce any 
sensible effect on rock at the bottom of a narrow chasm nearly fifty 
yards' deep aid almost enclosed by ice. Here the conditions would 
more probably lesemble those in a glaci&re, or natural ice cave. In 
one of these, during the summer, curtains and festoons of ice depend 
from the walls ; from them and from the roof water drips slowly, to be 
frozen into stalagmitic mounds on the floor, which is itself sometimes 
a thick bod of ice. On this the quantity of fallen rock debris is not 
greater than is usual in a cave, nor are the walls notably shattered, 
even though a gap some four yards deep may separate them from the ice. 
The floors of cirques, from which the has vanished, cannot as a 
rule be examined, because they are masked by debris which is brought 
down by the numerous cascades, little and big, which seam their walls ; 
but glimpses of them may sometimes be obtained in the smaller corries 
(which would be cirques if they could), and these show no signs of 
either ‘ sapping * or ‘ plucking,* but some little of abrasion by moving 
ice. Cirques and corries also not infrequently occur on the sides as 
well as at the heads of valleys ; such, for instance, as the two in the 
massif of the Uri Eothstock on the way to the Surenen Pass and the 
Fer h, Cheval above Sixt. The Lago di Eitom lies between the mouth 
of a hanging valley and a well-defined step, and just above that is the 
Lago di Cadagno in a large steep-walled corrie, which opens laterally 
into the Val Piora, as that of the Lago di Tremorgio does into the 
southern side of the Val Bedretto. Cirques may also be found where 
glaciers have had a comparatively brief existence, as the Greux des 
Vents on the Jura; or have never been formed, as on the slopes 
of Salina, one of the Lipari Islands, or in the limestone desert of 
Lower Egypt. ^ I have seen a miniature stepped valley carved by a 
rainstorm on a slope of Hampstead Heath; a cirque, about a yard 
in height and breadth, similarly excavated in the vertical wall of 
a gravel pit; and a corrie, measured by feet instead of furlongs, 
at the foot of one of the Binns near Burntisland, or, on a much 
reduced scale, in a bank of earth. On all these the same agent, 
plunging water, has left its marks — ^runlets of rain for the smaller, 
streams for the larger; convergent at first, perhaps, by accident, 

> A. J. Jukes-Browne, Oecl Mag., 1877, p. 477. 
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afterwards inevitably combined as the hollow widened and deepened. 
Each of the great cirques is still a "land of streams/ and they are 
kept permanent for the greater part of the year by beds of snow on the 
ledges above its walls. 

The " sapping and plucking ' process presents another diiScultjr — 
the steps already mentioned in the floors of valleys. These are sup- 
posed to indicate stages at which the excavating glacier transferred its 
operations to a higher level. But, if so, the outermost one must be 
the oldest, or the glacier must have been first formed in the lowest part 
of the incipient valley. Yet, with a falling temperatui;p, the reverse 
would happen, for otherwise the snow must act as a protective mantle 
to the mature pre-glacial surface almost down to its base. However 
much age might have smoothed away youthful angularities, it would 
be strange if no receptacles had been left higher up to initiate the 
process; and even if sapping had only modified the form of ah older 
valley, it could not have cut the steps unless it had begun its work 
on the lowest one. Thus, in the case of the Creux de Champ, if we 
hesitate to assume that the sapping process began at the mouth of 
the valley of the Grande Eau above Aigle, we must suppose it to have 
started somewhere near Ormont Dessus and to have excavated that 
gigantic hollow, the floor of which lies full 6,000 feet below the 
culminating crags of the Diablerets. 

But even if ‘ sapping and plucking ' were assigned a comparatively 
unimportant position in the cutting out of cirques and corries, it might 
still be maintained that the glaciers of the Ice Age had greatly deepened 
the valleys of mountain regions. That view is adopted by Professors 
Penck and Bruckner in their work on the glaciation of the Alps,' the 
value of which even those who cannot accept some of their conclusions 
will thankfully admit. On one point all parties agree — that a 
valley cut by a fairly rapid stream in a durable rock is V-like in section. 
With an increase of speed the walls become more vertical; with a 
diminution the valley widens and has a flatter bed, over which the river, 
as the base-line is approached, may at last meander. Lateral streams will 
plough into the slopes, and may be numerous enough to convert them into 
alternating ridges and furrows. If a valley has been excavated in thick 
horizontal beds of rock varying in hardness, such as limestones and 
shales, its sides exhibit a succession of terrace walls and shelving banks, 
while a marked dip and othpr dominant structures produce their own 
modifications. It is also agreed that a valley excavated or greatly 
enlarged by a glacier should be U-like in section. But an Alpine 
valley, especially as we approach its head, very commonly takes the 
following form : For some hundreds of feet up from the torrent it is 

‘ Die Alpen in Eiezeitalter ( 1909 ). 
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a distinct V ; above this the slopes become less rapid, changing, say, 
from 46® to not more than 30®, and that rather suddenly. Still higher 
comes a region of stone-strewn upland valleys and rugged crag^, termi- 
nating in ridges and peaks of splintered rock, projecting from a mantle 
of ice and snow. The V-like part is often from 800 to 1,000 feet in 
depth, and the above-named authors maintain that this, with perhaps 
as much of the more open trough above, was excavated during the 
Glacial Epoch. Thus the floor of any one of these valleys prior to 
the Ice Age must often have been at least 1,800 feet above its present 
level.^ As j rough estimate we may fix the deepening of one of 
the larger Pennine valleys, tributary to the Ehone, to have been, 
during the Ice Age, at least 1,600 feet in their lower parts. Most of 
them are now hanging valleys; the stream issuing, on the level of 
the main river, from a deep gorge. Thefr tributaries are rather variable 
in form; the larger as a rule being more or less V-shaped; the 
shorter, and especially the smaller, corresponding more with the 
upper part of the larger valleys ; but their lips generally are less deeply 
notched. Whatever may have been the cause, this rapid change in 
slope must indicate a corresponding change of action in the erosive 
agent. Here and there the apex of the V may be slightly flattened, but 
any approach to a real U is extremely rare. The retention of the more 
open form in many small elevated recesses, from which at the present 
day but little water descends, suggests that where one of them soon 
became buried under snow,* but was insignificant as a feeder of a 
glacier, erosion has been for ages almost at a standstill. 

The V-like lower portion in the section of one of the principal 
valleys, which is all that some other observers have claimed for the work 
of a glacier, cannot be ascribed to subsequent modification by water, 
because ice-worn rock can be seen in many places, not only high up 
its sides, but also down to within a yard or two of the present torrent. 

Thus valley after valley in the Alps seems to leave no escape from 
the following dilemma : Either a valley cut by a glacier does not differ in 
shape from one made by running water, or one which has been excavated 
by the latter, if subsequently occupied, is but superficially modified 
by ice. This, as we can repejitedly see in the higher Alpine valleys, 
has not succeeded in obliterating the physical features due to the ordi- 
nary processes of erosion. Even where its effects are most striking, as 

^ The amount varies in different valleys ; for instance, it was fully 2,880 feet at 
Amsteg on the Reuss, just over 2,000 feet at Brieg in the Rhone Valley, about 
1,000 feet at Quttanen in the Aare Valley, about 1,550 feet above Zermatt, and 
1,100 feet above Saas Grund. 

* My own studies of mountain districts have led me to infer that on slopes of 
low gr^e the action of snow is preservative rather than destructive. That con- 
clusion was confirmed by Professor Garwood in a communication to the Royal 
Geographical Society on «funp ?0 of the present year, 
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in the Spitallamm below the Grimsel Hospice, it has not wholly effaced 
those features ; and wherever a glacier in a recent retreat has exposed 
a rock surface, that demonstrates its inefficiency as a plough. The 
evidence of such cases has been pronounced inadmissible, on the ground 
that the glaciers of the Alps have now degenerated into senile impo- 
tence ; but in valley beds over which they passed when in the full tide 
of their strength the flanks show remnants of rocky ridges only partly 
smoothed away, and rough rock exists on the * lee-sides ’ of ice-worn 
mounds which no imaginary plucking can explain. The ice seems to 
have flowed over rather than to have plunged into the ojj^tacles in its 
path, and even the huge steps of limestone exposed by the last retreat 
of the Unter Grindelwald Glacier have suffered little more than a 
rounding off of their angles, tffough that glacier, must have passed over 
them when in fullest development, for it seems impossible to explain 
these by any process of sapping. 

The comparatively level trough, which so often forms the uppermost 
part of one of the great passes across the watershed of the Alps, can 
hardly be explained without admitting that in each case the original 
watershed has been destroyed by the more rapid recession of the head 
of the southern valley, and this work bears every sign of having been 
accomplished in pre-glacial times. Sapping and plucking must have 
operated on a gigantic scale to separate the Viso from the Cottian water- 
shed, to isolate the huge pyramid of the Matterhorn, with its western 
spur, or to make, by the recession of the Val Macugnaga, that great gap 
between the Strahlhorn and Monte Eosa. Some sceptics even go so far 
as to doubt whether the dominant forms of a non-glaciated region differ 
very materially from those of one which has been half-buried in snow- 
fields and glaciers. To my eyes, the general outlines of the mountains 
about the Lake of Gennesaret and the northern part of the Dead Sea 
recalled those around the Lake of Annecy and on the south-eastern shore 
of Leman. The sandstone crags, which rise here and there like ruined 
castles from the lower plateau of the Saxon Switzerland, resembled 
in outlines, though on a smaller scale, some of the Dolomites in the 
Southern Tyrol. The Lofoten Islands illustrate a half -drowned moun- 
tain range from which the glaciers have disappeared. Those were born 
among splintered peaks and ridges, which, though less lofty, rival in form 
the Aiguilles of Chamonix, and the valleys become more and more ice- 
wom as they descend, till the coast is fringed with skerries every one of 
which is a roche moutonn4e. The n4v4 in each of these valleys has been 
comparatively ineffective ; the ice has gathered strength with the growth 
of the glacier. As can be seen from photographs, the scenery of the heart 
of the Caucasus or of the Himalayas differs in scalo rather than in kind 
from that of the Alps. Thus the amount pf abrasipn varies^ other things 
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being equal, with the latitude. The grinding away of ridges and spurs, 
fche smoothiqg of the walls of troughs,* is greater in Norway than in the 
Alps; it is still greater in Greenland than in Norway, and it is greatest 
of all in the Antarctic, according to the reports of the expeditions led by 
Scott and Shackleton. But even in Polar regions, under the most 
favourable conditions, the dominant outlines of the mountains, as shown 
in the numerous photographs taken by both parties, and in Dr. Wilson’s 
admirable drawings, differ, in degree rather than in kind from those of 
mid-European ranges. It has been asserted that the parallel sides of 
the larger Alpine valleys — such as the Khone above Martigny, the 
Liitschine near Lauterbrunnen, and the Val Bedretto below Airolo — 
prove that they have been made by the ice-plough rather than by running 
water; but in the first I am unable to discern more than the normal 
effects of a rather rapid river which has followed a trough of compara- 
tively soft rocks ; in the second, only the cliffs marking the channel cut 
by a similar stream through massive limestones — cliffs like those which 
elsewhere rise up the mountain flanks far above the levels reached by 
glaciers; w^hile in the third I have failed to discover, after repeated 
examination, anything abnormal. 

Many lake basins have been ascribed to the erosive action of glaciers. 
Since the late Sir A. Eamsay advanced this hypothesis numbers of lakes 
in various countries have been carefully investigated and the results pub- 
lished, the most recent of which is the splendid work on the Scottish 
lochs by Sir J. Murray and Mr, L. Pullar.* A contribution to science 
of the highest value, it has also a deeply pathetic interest, for it is a 
father's memorial to a much-loved son, P. P. Pullar, who, after taking a 
most active part in beginning the investigation, lost his life while saving 
others from drowning. As the time at my command is limited, and 
many are acquainted with the literature of the subject, I may be excused 
from saying more than that even these latest researches have not driven 
me from the position which I have maintained from the first — namely^ 
that while many tarns in corries and lakelets in other favourable situa- 
tions are probably due to excavation by ice, as in the mountainous dis- 
tricts of Britain, in Scandinavia, or in the higher parts of the Alps, the 
difficulty of invoking this agency increases with the size of the basin — 
as, for example, in the case of Loch Maree or the Lake of Annecy— till 
it becomes insuperable. Even if Glas Llyn and Llyn Llydaw were the 
work of a glacier, the rock basins of Gennesaret and the Dead Sea, still 
more those of the great lakes in North America and in Central Africa, 
must be assigned to other causes. 

* If one may judge from photographs, the smoothing of the flanks of a valley is 
unusually conspicuous in Milton Sound, New Zealand. . 

® Bathymeirical Survey of the Scottish Freshwater Lochs. Sir J. Murray and 
Mr. L. Pullar, 1910 . 
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I pass oti, therefore, to mention another difficulty in this liypothesis 
— that the Alpine valleys were greatly deepened during the Glacial Epoch 
— which has not yet, I think, received sufficient attention. From three 
to four hundred thousand years have elapsed, according to Penck and 
Bruckner, since the first great advance of the Alpine ice. One of the 
latest estimates of the thickness of the several geological formations 
assigns 4,000 feet ‘ to the Pleistocene and Eecent, 13,000 to the Pliocene, 
fcnd 14,000 to the Miocene. If we assume the times of deposit to be pro- 
* pprtional to the thicknesses, and adopt the larger figure for the first-named 
period, the duration of the Pliocene would be 1,S00,00J years, and of 
the Miocene 1,400,000 years. To estimate the total vertical thickness 
' of rock which has been removed from the Alps by denudation is far from 
easy, but I think 14,000 feet would be a liberal allowance, of which about 
one-seventh is assigned to the Ice Age. But during that age, according 
to a curve given by Penck and Bruckner, the temperature was below its 
present amount for rather less than half (0*47) the time. Hence it 
follows that, since the sculpture of the Alps must have begun at least as 
far back as the Miocene period, one-seventh of the work has been done 
by ice in not quite one-fifteenth of the time, or its action must be very 
potent. Such data as are at our command make it probable that a 
Norway glacier at the present day lowers its basin by only about 
80 millimetres in 1,000 years; a Greenland glacier may remove some 
421 millimetres in the same time, wdiile the Vatnajokul in Iceland 
attains to 647 inillimetres. II Alpine glaciers had been as effective as the 
last-named, they would not have removed, during their 188,000 years 
of occupation of the Alpine valleys, more than 121.6 metres, or just 
over 397 feet; and as this is not half the amount demanded by the more 
moderate advocates of erosion, we must either ascribe an abnormal 
activity to the vanished Alpine glaciers, or admit that water was much 
more effective as an excavator. 

We must not forget that glaciers cannot have been important 
agents in the sculpture of the Alps during more than part 
of Pleistocene times. That sculpture probably began in the 
Oligocene period; for rather early in the next one the great 
masses of conglomerate, called Nagelfluh, show that powerful rivers 
had already carved for themselves valleys corresponding generally 
with and nearly as deep as those still in existence. Temperature 
during much of the Miocene period was not less than 12® P. above its 
present average. This would place the snow-line at about 12,000 feet.* 

' I ha VO doubts whether this is not too groat. 

^ I take the fall of temperature for a rise in altitude as F. for 300 feet or, when 
the differences in the latter are large, 3® per 1,000 feet. These estimates will, I think, 
be sufficiently accurate. The figures given by Hann (see for a discussion of the 
question, Brit Assoc. Reportf 1909, p. 93) work out to 1® P. for each 318 feet of 
ascent (up to about 10,000 feet). 
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la fchaii case, if we assume the altitudes unchanged, not a snowfield 
would be left between the Simplon and the Maloja, the glaciers of the 
Pennines would shrivel into insignificance, Monte Eosa would excliange 
its drapery of ice for little more than a tippet of frozen snow. As the 
temperature fell the white robes would steal down the mountain-sides, 
the glaciers grow, the torrents be swollen during all the wanner months, 
and the work of sculpture increase in activity. Yet with a tempera- 
ture even 6° higher than it now is, as it might well be at the beginning, 
of the Pliocene period, the snow-line would be at 10,000 fdet; numbers 
of glaciers would have disappeared, and those around the Jungfrau and 
the Pinster Aarhorn would be hardly more important than they now are 
in the Western Oberland. 

But denudation would begin so soon as the ground rose above the sea. 
Water, which cannot run off the sand exposed by the retreating tide 
without engraving a miniature system of valleys, would never leave the 
nascent range intact. The Miocene Alps, even before a patch of snow 
could remain through the summer months, would be carved into glens 
and valleys. Towards the end of that period the Alps were affected by 
a new set of movements, which produced their most marked effects in 
the northern zone from the Inn to the Durance. The Oberland rose to 
greater importance; Mont Blanc attained its primacy; the massif of 
Dauphin6 was probably developed. That, and still more the falling 
temperature, would increase the snowfields, glaciers, and torrents. The 
first would be, in the main, protective ; the second, locally abrasive ; the 
third, for the greater part of their course, erosive. No sooner had the 
drainage system been developed on both sides of the Alps than the valleys 
on the Italian side (unless we assume a very different distribution of 
rainfall) would work backwards more rapidly than those on the northern. 
Cases of trespass, such as that recorded by the long level trough on 
the north side of the Maloja Kuhn and the precipitous descent on the 
southern, would become frequent. In the interglacial episodes — three 
in number, according to Penck and Bruckner, and pccupying rather more 
than half the epoch — the snow and ice would dwindle to something like 
its present amount, so that the water w'ould resume its work. Thus 
I think it far more probable that the V-like portions of the Alpine 
valleys were in the main excavated during Pliocene ages, their upper 
and more open parts being largely the results of Miocene and yet earlier 
sculpture. 

During the great advances of the ice, four in number, according 
to Penck and Bruckner, ^ when the Ehone glacier covered the lowlands of 
Vaud and Geneva, welling on one occasion over the gaps in the Jura, 
And leaving its erratics in the neighbourhood of Lyons, it ought to have 

* On the exact number I have not had the opportunity of forming an opinion. 
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given signs of its erosive no less than of its transporting power. But 
what are the facts? In these lowlands we can see where tlie ice has 
passed over the Molasse (a Miocene sandstone); but here, instead of 
having crushed, torn, and uprooted the comparatively soft rock, it has 
produced hardly any effect. The huge glacier from the Linth Valley 
crept for not a few miles over a floor of stratified gravels, on which, some 
eight miles below Zurich, one of its moraines, formed during the last 
retreat, can be seen resting, without having produced more than a 
slight superficial disturbance. We are asked to credit glaciers with 
the erosion of deep valleys and the excavation of great lakes, and yet, 
wherever we pass from hypotheses to facts, we find them to have been 
singularly inefficient workmen I 

I have dwelt at considerable, some may think undue, length on the 
Alps because we are sure that this region from before the close of the 
Miocene period has been above the sea-level. It accordingly demon- 
strates what effects ice can produce when working on land. 

. In America also, to which I must now make only a passing refer- 
ence, great ice-sheets formerly existed : one occupying the district west 
of the Bocky Mountains, another spreading from that on the north-west 
of Hudson’s Bay, and a third from the Laurentian hill-country. These 
two became confluent, and their united ice-flow covered the region 
of the Great Lakes, halting near the eastern coast a little south of 
New York, but in Ohio, Indiana, and Illinois occasionally leaving 
moraines only a little north of the 39th parallel of latitude.^ Of these 
relics my first-hand knowledge is very small, but the admirably illus- 
trated reports and other writings of American geologists ’ indicate that, 
if we make due allowance for the differences in environment, the tills 
and associated deposits on their continent are similar in character to 
those of the Alps.* 

In our own country and in corresponding parts of Northern Europe, 
we must take into account the possible co-operation of the sea. In 
these, however, geologists agree that, for at least a portion of the Ice 
Age, glaciers occupied the mountain districts. Here ice-worn rocks, 
moraines and perched blocks, tarns in corries, and perhaps lakelets in 
valleys, demonstrate the former presence of a^mantle of snow and ice. 
Glaciers radiated outwards from more than one focus in Ireland, Scot- 
land, the English Lake District, and Wales, and trespassed, at the time 

^ Some of the glacial drifts on the eastern side of the continent, as we shall find, 
may have been deposited in the sea. 

* See the Reports of the United States (kohgical Survey (from vol. iii. onwards), 
Journal of Geology, American Journal of Science, and local ptiblications too numerous 
to mention. Among these the studies in Greenland by Professor phamberlin are 
especially valuabb fo** the light they throw on the movement of large glaoieif and 
the transport of debris in the lower part of the ice 

* Here, however, wo cannot always be so sure of the absence of the sea. 
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of their greatest development, u|)on the adjacent lowlands. They are 
generally believed to have advanced and retreated more than once, and 
their movements have been correlated by Professor J. Geikie., with 
those already mentioned in the Alps. Into that very difficult question 
I must not enter; for my present purpose it is enough to say that in 
early Pleistocene times glaciers undoubtedly existed in the mountain 
districts of Britain and even formed piedmont ice-sheets on the low- 
lands. On the west side of England smoothed and striated rocks have 
been observed near Liverpool, which can hardly be due to the move- 
ments of shore-ice, and at Little Crosby a considerable surface has been 
cleared, from the overlying boulder clay by the exertions of the late 
Mr. T. M. Beade and his son, Mr. A. Lyell Beade. But, so far as 
1 am awarei rocks thus affected have not yet been discovered in the 
Wirral peninsula. On the eastern side of England similar markings 
have been found down to the coast of Durham, but a more southern 
extension of land ice cannot be taken for granted. In this direction, 
however, so far as the tidal valley of the Thames, and in corresponding 
parts of the central and western lowlands, certain deposits occur which, 
though to a great extent of glacial origin, are in many respects different 
from those left by land ice in the Alpine regions and in Northern 
America. 

They present us with problems the nature of which may be inferred 
from a brief statement of the facts. On the Norfolk coast we 
find the glacial drifts resting, sometimes on the chalk, sometimes on 
strata of very late Pliocene or early Pleistocene age. The latter 
show that in their time the strand-line must have oscillated slightly 
on either side of its present level. The earliest of the glacial 
deposits, called the Cromer Till and Contorted Drift, presents its most 
remarkable development in the cliffs on either side of that town. Here 
it consists of Jboulder clays and alternating beds of sand and clay ; 
the first-named, two or three in number, somewhat limited -in extent, 
and rather lenticular in form, are slightly sandy clays, full of pieces 
of chalk, flint, and other kinds of rock, some of the last having 
travelled from long distances. Yet more remarkable are tfie huge 
erratics of chalk, in the neighbourhood of which the*^sands and clays 
exhibit extraordinary contortions. Like the beds of till, they have not 
been found very far inland, for there the group appears as a whole to 
be represented by a stony loam, resembling a mixture of the sandy and 
clayey material, and this is restricted to a zone some twenty miles 
wide bordering the coast of Norfolk and Suffolk; not extending 
south of the latter county, but being probably represented to the north 
of the Humber. Above these is a group of false-bedded sands and 
gravels, variable in thickness and character — ^the Mid-glacial Sands of 
Searles V. Wood and P. W. Harmer. They extend over a wider area. 
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and may be traced, according to some geologists, nearly to the westerTi 
side of England, rising in that direction to a greater height above sea- 
level.* But as it is impossible to prove that all isolated patches of 
these materials are identical in age, we can only be certain that some 
of them are older than the next deposit, a boulder clay, which extends 
over a large part of the lowlands in the Eastern Counties. This has 
a general resemblance to the Cromer Till, but its matrix is rather 
more clayey and is variable in colour. In and north of Yorkshire, 
as well as on the seaward side of the Lincolnshire wolds, it is 
generally brownish or purplish, but on their western side and as far as 
the clay goc? to the south it is some shade of grey. Near to these 
wolds, in mid-Norfolk and on the northern margin of Suffolk, it has 
a whitish tint, owing to the abundance of comminuted chalk. To the 
south and west of this area it is dark, from the similar presence of 
Kimmcridge clay. Yet further west it assumes an intermediate colour 
by having drawn upon the Oxford clay. This boulder clay, whether 
the chalky or the purple, in which partings of sand sometimes occur, 
must once have covered, according to Mr. P. W. Harmer, an area 
about ten thousand square miles in extent. It spreads like a coverlet 
over the pre-glacial irregularities of the surface. It caps the hills, 
attaining sometimes an elevation of fully 500 feet above sea-level; ‘ 
it fills up valleys,* sometimes partly, sometimes wholly, the original 
floors of which occasionally lie more than 100 feet below the 
same level. Tliis boulder clay, often with an underlying sand or 
gravel, extends to the south as far as the neighbourhood of Muswell Hill 
and Finchley; hence its margin runs westward through Buckingham- 
shire, and then, bending northwards, passes to the west of Coventry. 
On this side of the Pennine Chain the matrix of the boulder clay 
is again reddish, being mainly derived from the sands and marls of 
the Trias; pieces of chalk and flint are rare (no doubt coming from 
Antrim), though other rocks are often plentiful enough. Some autho- 
rities are of opinion that the drift in most parts of Lancashire and 
Cheshire is separable, as on the eastern coasts, into a lower and an 
upper boulder clay, with intervening gravelly sands, but others think 
that the association of the first and third is lenticular rather than 

» Not far from Royston It is found at a height of 625 feet above O.D. See F* W. 
Harmer, Pleistocene Period in the Eastern Counties, p. 116. 

*'* At Old North Road Station, on a tributary of the Cam, the boulder clay wa8 
pierced to a depth of 180 feet, and at Impington it goes to 60 feet below sea-leveL 
Near Hitchin, a hidden valley, traced for seven or eight miles, was proved to a depth of 
68 feet below O.D., and one near Newport in Essex to 104 feet. Depths were also 
found of 120 feet at West Horseheath in Suffolk, of 120 feet on low ground two miles 
S.W. of Sandy in Bedfordshire, of from 100 to 160 feet below the sea at Fossdyke* 
Long Sutton, and Boston, and at Glemsford in the valley of the Stour 477 feet of drift 
was passed through before reaching the chalk. See F. W. Harmer, Quart, Joum, Geol. 
Soc,, Ixiii. (1907), p. 494. 
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slicCeSfiivd. Hete also the lower clay cannot be traced Very far* inland, 
eastward or southward; the others have a wider extension, but they 
reach a greater elevation above sea-level than on the eastern dlde of 
England. The sand is inconstant in thickness, being sometimes hardly 
represented, sometimes as much as 200 feet. The upper clay runs 
on its more eastern side up to the chalky boulder clay, and extends 
on the south at least into Worcestershire. On the western side it 
merges with the upper member of the drifts radiating from the moun- 
tains of North Wales, which often exhibit a similar tripartite division, 
while (as we learn from the officers of the Geological Survey) boulder 
clays and gravelly sands, which it must suffice to mention, extend from 
the highlands of South Wales for a considerable distance to the south- 
east and south. Boulder clay has not been recognised in Devon or Corn- 
wall, though occasional erratics are found which seem to demand some 
form of ice-transport. A limited deposit, however, of that clay, con- 
taining boulders now and then over a yard in diameter, occurs near 
Selsey Bill on the Sussex coast, which most geologists consider to have 
been formed by floating rather than by land ice. 

Marine shells are not very infrequent in the lower clays of East 
Anglia and Yorkshire, but are commonly broken. The well-known 
Bridlington Crag is the most conspicuous instance, but this is ex- 
plained by many geologists as an erratic — a piece of an ancient North 
Sea bed caught up and transported, like the other molluscs, by an 
advancing ice-sheet. They alsp claim a derivative origin for the organic 
contents of the overlying sands and gravels, but some authorities 
consider the majority to be contemporaneous. Near the western coast 
of England, shells in much the same state of preservation as those on 
the present shore are far from rare in the lower clay, where they are 
associated with numerous striated stones, often closely resembling those 
which have travelled beneath a glacier, both from the Lake District 
and the less distant Trias. Shells are also found in the overlying sands 
up the valleys of the Dee and Severn, at occasional localities, even as 
far inland as Bridgnorth, the heights of the deposits varying from 
about 120 feet to over 500 feet above the sea-level. If we also take 
account of the upper boulder clay, where it can be distinguished, the 
list of marine molluscs, ostracods, and foraminifers from these western 
drifts is a rather long one.* 

Marine shells, however, on the western side of England, are not 
restricted to the lowlands. Three instances, all occurring over 
1,000 feet above sea-level, claim more than a passing mention. At 
Macclesfield, almost thirty miles in a straight line from the head of the 
estuary of the Mersey, boulder clays associated with stratified gravels 

* W* Shonci QmrU Jaum, (?€ol. See,, xxxiv. (1878), p. 883. 
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and sands have been described by several observers.^ The clay stops at 
about 1,000 feet, but the sands and gravels go on to nearly 1,300 feet, 
while Isolated erratics are found up to about 100 feet higher. Sea shells, 
some of which are in good condition, have been obtained at various eleva- 
tions, the highest being about 1,200 feet above sea-level. About forty- 
eight species of molluscs have been recognised, and the fauna, with a few 
exceptions, more arctic in character and now found at a greater depth, is 
one which at the present day lives in a temperate climate at a depth of a 
few fathoms. 

The shell-bearing gravels at Gloppa, near Oswestry, which are about 
thirty miles from the head of the Dee estuary, wer3 carefully described 
in 1892 by Mr. A. C. Nicholson. He has enumerated fully sixty 
species, of which, however, many are rare. As his collection * shows, 
the bivalves are generally broken, but a fair number of the univalves 
are tolerably perfect. The deposit itself consists of alternating seams 
of sand and gravel, the one generally about an inch in thickness, the 
other varying from a few inches to a foot. The difference in the 
amount of rounding shown by the stones is a noteworthy feature. 
They are not seldom striated; some have come from Scotland, others 
from the Lake District, but the majority from Wales, the last being 
the more angular. Here and there » a block, sometimes exceeding a 
foot in diameter and usually from the last-named country, has been 
dropped among the smaller material, most of which ranges in diameter 
from half an inch to an inch and a half. The beds in one or two places 
show contortions ; but as a rule, though slightly wavy and with a gentle 
dip rather to the west of south, they are uniformly deposited. In this 
respect, and in the unequal wearing of the materials, the Gloppa 
deposit differs from most gravels that 1 have seen. Its situation dso 
is peculiar. It is on the flattened top of a rocky spur from higher hills, 
which falls rather steeply to the Shropshire lowland on the eastern 
side, and on the more western is defined by a small valley which 
enlarges gradually as it descends towards the Severn. If the country 
were gradually depressed for nearly 1,200 feet, this upland would 
become, first a promontory, then an island, and finally a shoal. 

The third instance, on Moel Tryfaen in Carnarvonshire, was care- 
fully investigated and described by a Committee of this Association* 
about ten years ago. The shells occur in an irregularly stratified sand 
and gravel, resting on slate and overlain by a boulder clay, no great 

1 Memoirs of the Qeohgical Swrvey ; * Country around Maoolosfield,’ T. I. Pocock 
(1906), p. 85. For some notes on Moel Tryfaen and the altitudes of other localities 
at which marine organisms have been found see J. Gwyn Jeffreys, Quart. Jotini. QeoL 
Soe., xxxtL (1880), p. 361. For the ocourrenoe of such remains in the Vale of dwyd 
see a paper by McK. Hughes in Proc. Chester Soe. of Nat, Eliet., 1884. ^ 

* Now deposited in the Oswestry Museum. 

» Brit. Aeeoe. Beport, 1899 (1900), pp. 414-428. 
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distance from and a few dozen feet below the rocky summit of the 
hill, being about 1,800 feet above the level of the sea and at least five 
miles from its margin. About fifty-five species of molluscs and twenty- 
three of foraminifers have b^ identified. According to the late Dr. J. 
Gwyn Jeffreys/ the majority of the molluscs are littoral in habit, the 
rest such as live in from ten to twenty fathoms of water. Most of the 
erratics have been derived from the Welsh mountains, but some rocks 
from Ahglesey have also been obtained, and a few pebbles of Lake 
District and Scottish rocks. If the sea were about 1,300 feet above its 
present level. Mod Tryfaen would become a small rocky island, open 
to the storms from the west and north, and nearly a mile and a half 
away f?om the nearest land. 

I must pass more rapidly over Ireland. The signs of vanished 
glaciers — ice- worn rocks and characteristic boulder-clays — are 
numerous, and may be traced in places down to the sea-level, but the 
principal outflow of the ice, according to some competent observers, 
was from a comparatively low district, extending diagonally across the 
island from the south of Lough Neagh to north of Galway Bay. 
Glaciers, however, must have first begun to form in the mountains on 
the northern and southern side of this zone, . and we should have ex- 
pected that, whatever might happen on the lowlands, they would con- 
tinue to assert themselves. In no other part of the British Islands are 
eskers, which some geologists think were formed when a glacier reached 
the sea, so strikingly developed. Here also an upper and a lower 
boulder clay, the former being the more sparsely distributed, are often 
divided by a widespread group of sands and gravels, which locally, as 
in Great Britain, contains, sometimes abundantly, shells and other 
marine organisms; more than twenty species of molluscs, with fora- 
minifers, a barnacle, and perforations of annelids, having been 
described. These are found in counties Dublin and Wicklow, at various 
altitudes,* from a little above sea-level to a height of 1,300 feet. 

Not the least perplexing of the glacial phenomena in the British 
Isles is the distribution of erratics, which has been already mentioned 
in passing. On the Norfolk coast masses of cTialk, often thousands 
of cubic feet in volume, occur in the lowest member of the glacial 
series, with occasional great blocks of sand and gravel, which must 
have once been frozen. But these, or at any rate the larger of them, 
have no doubt been derived from the immediate neighbourhood. Huge 
erratics also occasionally occur in lihe upper boulder clay — sometimes 
of chalk, as at Boslyn Hill near Ely and at Eidlington in Eutland, 
of jurassic limestone, near Great Ponton, to the south of Grantham, 

* gttaii. Joftm. Oeol Soe,, xxxvi. (1880), p. 366. 

See T. M. Beade, JVoo. Lwerpool GM, dfoc., 1893-04, p. 183, for. tome weight 
arguments in favour of a marine oi^^ for these deposits. 

g2 
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and of Lower Kiiiiineridge clay near Biggleswade.^ These also probably 
have not travelled more than a few miles. But others of smaller size 
have o^ten made much longer journeys. The boulder clays of Eastern 
England are full of pieces of rock, commonly ranging from about lialf an 
inch to a foot in diameter. Among these arc samples of the carboniferous, 
Jurassic, and cretaceous rocks of Yorkshire and the adjacent counties; 
the red chalk from either Hunstanton, Speeton, or some part of the 
Lincolnshire wolds, being found as far south as the northern heights of 
London. Even the chalk and flint, the former of which, especially in 
the upper boulder clay, commonly occurs in well-worn pebbles, are 
frequently not the local but the northern varieties. And witji those 
are mingled specimens from yet more distant sources — Cheviot 
porphyrites. South Scottish basalts-, even some'of the crystalline rocks 
of the Highlands. Whatever was the transporting agent, its general 
direction was southerly, with a slight deflection towards the east in 
the last-named cases. 

But the path of these erratics has been crossed by two streams, 
one coming from tho west, the other from the east. On the western 
side of the Pennine watershed the Shap granite rises at Wasdale Crag 
to a height of about 1,600 feet above sea-level. Boulders from it have 
descended the Eden valley to beyond Penrith; they have travelled in 
the opposite direction almost to Lancaster,* and a large number of them 
have actually made their way near the line of the Lake District water- 
shed, across the upper valley of the Eden, and over the high pass 
of Stainmoor Forest/ whence they descended into Upper Teesdalc. 
Subsequently the stream seems to have bifurcated, one part passing 
straight out to the present sea-bed, by way of the lower course of the 
Tees, to be afterwards driven back on to the Yorkshire coast. Tlie 
other part crossed the low watershed between tho Tees and the Ouse, 
descended the Vale of York, and spread widely over the plain. ^ Shap 
boulders by some means penetrated into tho valleys tributary to the Ouse 
on its west bank, and they have been observed as far to the south-east 
as Eoyston, near Barnsley. It is noteworthy that Lake District rocks 
have been occasionally recorded from Airedale and even the neighbour- 
hood of Colne, though the granite from Shap has not been found there. 
The other stream started froih Scandinavia. Erratics, some of which 
must have come from the north-western side of the Christiania Fjord, 
occur on or near the coast from Essex to Yorkshire, and occasionally 

* H. Homo, Quarf. Jonrn. OeoL 8oc., lix. (1903), p. 375. 

^ A pebble of it is said to have been identified at Moel Tryfaen. 

^ The lowest part of the gap is about 1,400 feet. A little to tho south is another 
gap about 200 feet lower, b\it none of the boulders seem to have taken that route. 

* A boulder was even fotind above Grosmont in the Eske valley, 3^ feet above 
sea-leveL 
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even as far norlli as Aberdeen, wliile they have been traced from the 
East Anglian coast to near Ware, llitcliin, and Bedford/ It may be 
important to notice that these Scandinavian erratics arc often watetworn, 
like those dispersed over Denmark and parts of Northern Germany. 

On the western side of England the course of erratics is not less 
remarkable. Boulders from South-Western Scotland, especially from the 
Kirkcudbright district, both waterworn and angular, are scattered over 
the lowlands as far south as Wolverhampton, Bridgnorth, and Church 
Stretton. They may be traced along the border of North Wales, 
occurring, as has been said, though generally small, up to about 1,300 
feet on.Moel Tryfaen, 1,100 feet at Gloppa, and more than that height 
on the hills east of Macclesfield. Boulders from the Lake District are 
scattered over much the same area and attain the same elevation, but 
extend, as might be expected, rather further to the east in Lancashire. 
They also have been found on the eastern side of the Pennine watershed, 
perhaps the most remarkable instances being in the dales of the Derby- 
shire Derwent and on the adjacent hills as much as 1,400 feet above 
the sea-level.* A third remarkable stream of erratics from the neigh- 
bourhood of the Arenig mountains extends from near the estuary of 
the Dee right across the paths of the two streams from the north, its 
eastern border passing near Eugeley, Birmingham, and Bromsgrove. 
They also range high, occurring almost 900 feet above sea-level on 
Eomsley Hill, north of the Clents, and being common at Gloppa. 
Boulders also from the basalt mass of Eowley Eegis have travelled in 
some cases between four and five miles, and in directions ranging from 
rather west of south to north-east ; and, though that mass hardly rises 
above the 700-feet contour line, one lies witH an Arenig boulder on 
Eomsley Hill. From Oharnwood Forest, the crags of which range up 
to about 850 feet above sea-level, boulders have started which have been 
traced over an area to the south and west to a distance of more than 
twenty miles. 

Such, then, are tlie facts, which call for an interpretation. More 
than one have been propose<l; but it will be well, before discussing them, 
to arrive at some idea of the climate of these islands during the colder 
part of the Glacial Epoch. Unless that were associated with very great 
changes in the distribution of sea and land in Northern and North- 
W’estem Europe, w'e may assume that neither the relative position of 
the isotherms nor the distribution of precipitation would be very 
materially altered. A general fall of temperature in the northern 
hemisphere might so weaken the warmer ocean current from the south- 
west that our coasts might be approached by a cold one from the 

' H. H. Bastall and J. Romanes, Quart Jou/m, Oeol. SoC; Ixv. (1909), p. 246. 

“ Communication from Dr. H. Amold-Bemrose. 
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opposite direction/ But though these changes might diminish the 
difference between the temperatures of London and Leipzig, they would 
not make the former colder than the latter. At the present day the 
suow-line in the Alps on either side of the Upper Bhone Valley is not 
far from ‘8,000 feet above sea-level, and this corresponds with a tem- 
perature of about 30^. Glaciers, however, are not generally formed 
till about 1,000 feet higher, where the temperature is approximately 
27®. Penck and Bruckner place this line during the coldest part of the 
Ice Age at about 4,000 feet/ In that case the temperature of the Swiss 
lowland would be some 16® lower than now, or near the freezing-point.* 
If this fall were general, it would bring back the small glaciers on the 
Gran Sasso d Italia and Monte Eotondo in Corsica; perhaps also among 
the higher parts of the Vosges and Schwarzwald.* In our own country it 
would give a temperature of about 36® at Carnarvon and 23® on the top 
of Snowdon, of 32® at Fort William and 17®.6 on the top of Ben Nevis. 
If, in addition to this, the land were 600 feet higher than now (as it 
probably was, at any rate in the beginning of the Gl^icial Epoch), there 
would be a further drop of 2®, so that glaciers would form in the corries 
of Snowdon, and the region round Ben Nevis might resemble the 
Oetzthal Alps at the present day. This change of itself would be in- 
sufficient, and any larger drop in the ocean-level would have to be con- 
tinental in its effects, since we cannot assume a local upheaval of much 
more than the above amount without seriously Interfering with the 
river system of North Central Europe, But these changes, especially 
the former, might indirectly diminish the abnormal warmth of winter 
on our north-western coasts.* It is difficult to estimate the effect of 
this. If it did no more than place Carnarvon on the isotherm 
of Berlin (now lower by 2®), that would hardly bring • a glacier 
from the Snowdonian region down to the sea. At the present time 
liondon is about 18® warmer than a place in the same latitude near the 
Labrador coast or the mouth of the Amur Eiver, but the removal of that 
difference would involve greater changes in the distribution of sea and 
land than seems possible at an epoch comparatively speaking so recent. 

^ Facts relating to this subject will be found in Climate and Time, by J. Croll, 
ch. ii. and iii. (1875). Of course the air currents would also be affected, and perhaps 
diminish precipitation as the latitude increased. 

^ Loc, cit., p. 586, et aeq. They say the snow-line, which would mean that the 
temperature was only 12^ lower than now ; but as possibly this line might then more 
nearly correspond with that of glacier formation, I will provisionally accept the higher 
figures, especially since Corsica, the Apennines, and some other localities in Europe, 
seem to require a reduction of rather more than 12^ 

^ It would be 32^.6 at Zurich, 31^6 at Bern, 34M at Geneva, about 39^0 on the 
plain of Piedmont, and 36^ at Lyons. 

^ See for particulars the author’s Ice Work (* International Scientific Series ’), p. 237. 

^ For much valuable information on these questions see a paper on the Climate of 
the Pleistocene Epoch (F. W. Harmer, Quart, Joum. Oeol, Soc,, Ivii. (1001), p. 406). 
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T am doubtful whether we can attribute to changed currents a reduction 
in British temperatures of so much as 11°; but, if we did, this would 
amount to 28^ from all causes, and give a temperature of 20® *to 22® 
at sea-level in England during the coldest part of the Glacial Epoch.' 
That is now found, roughly speaking, in Spitsbergen, which, since its 
mountains rise to much the same height, should give us a general idea 
of the condition of Britain in the olden time. 

What would then be the state of Scandinavia? Its present tempera- 
ture ranges on the west coast from about 45®" in the south to 85® in 
the. north.* But this region must now be very much, possibly 
1,800 feet, lower than it was in pre-glacial, perhaps also in part of 
glacial, times.* If we added 6® for this to the original 16®, and 
allowed .so much as 18® for the diversion of the warm current, the 
temperature of Scandinavia would range from 7® to — 3®, approximately 
that of Greenland .northwards from Upemivik. But since the differ- 
ence at the present day between Cape Farewell and Christiania (the 
one in an abnormally cold region, the other in one correspondingly 
warm) is only 7®, that allowance seems much too large, while without 
it Scandinavia would correspond in temperature with some part of that 
country from south of Upemivik to north of Prederikshaab.'* But if 
Christiania were not colder than Jakobshavn is now, or Britain than 
Spitsbergen, we are precluded from comparisons with the coasts of 
Baffin Bay or Victoria Land. 

Thus the ice-sheet from Scandinavia would probably be much greater 
than those generated in Britain. It would, however, find an obstacle to 
progress westwards, which cannot be ignored. If the bed of the North 
Sea became dry land, owing to a general rise of 600 feet, that would 
still be separated from Norway by a deep channel, extending from the 
Christiania Fjord round the coast northward. Even then this would 
be everywhere more than another 600 feet deep, and almost as wide 
as the Strait of Dover.® The ice must cross this and afterwards be 
forced for more than 300 miles up a slope, which, though gentle, would 
be in vertical height at least 600 feet. The task, if accomplished by 

' The present temperature In Ireland over the zone (from S. of Belfast to N. 
of Galway Bay) which is supposed to have formed the divide of the central snowfield 
may be aiven as from 40^ to 50", nearly the same as at the sea-level in Gamarvon- 
shire. Thns, l^ough the district is less mountainous than Wales, it would not need 
a p^ter reduction, for the snowfall would probably be rather larger. But this 
reductioiHsould hardly be less than 20", for the glaciers would have to form nearly at the 
present sea-level. 

\ It is 44".42 at Boigen, 38".48 at Bodo, 35".42 at Hammerfest, 41 ".36 at Chris- 
tiania and Stockholm. 

® For particulars see OeoL Mag., 1899, p. 97 (W. H. Hudleston) and p. 282 (T. G. 
Bonney). 

^ Christiania and Gape Farewell (Greenland) are neariy on the same latitude. 

^ For details see CM, Mag,, 1899, pp. 97 and 282. 
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thrust from behind, would be a heavy one, and, so far as I know, 
without a parallel at the present day ; if the viscosity of the ice enabled 
it to flow, as has lately been urged,* we must be cautious in appealing 
to the great Antarctic barrier, because we now leam that more than 
half of it is only consolidated snow.* Moreover, if the ice floated 
across that channel, the thickness of the boulder-bearing layers would 
be diminished by melting (as in Boss's Barrier), and the more viscous 
the material the greater the tendency for these to be left behind by 
the overflow of the cleaner upper layers. If, however, the whole region 
became dry land, the Scandinavian glaciers would descend into a 
broad valley, considerably more than 1,200 feet deep, -which would 
afford them an easy path to the Arctic Ocean, so that only a lateral 
overflow, inconsiderable in volume, could spread itself over the western 
plateau.* An attempt to escape this difficulty has been made by 
assuming the existence of an independent centre of distribution for ice 
and boulders near tho middle of the North Sea bod* (which would 
demand rather exceptional conditions of temperature and precipitation) ; 
but in such case either the Scandinavian ice would be fended off from 
England, or the boulders, prior to its advance, must have been dropped 

floating ice on the neighbouring sea-floor. 

If, then, our own country were but littlo better than Spitsbergen as 
a producer of ice, and Scandinavia only surpassed Southern Greenland 
in having a rather heavier snowfall, what interpretation may we give 
to the glacial phenomena of Britain ? Three have been proposed. One 
asserts that throughout the Glacial Epoch the British Isles generally 
stood at a higher level, so that the ice which almost buried them 
flowed out on to the beds of the North and Irish Seas. The boulder 
clays represent its moraines. The stratified sands and gravels were 
deposited in lakes formed by the rivers which were dammed up by ice- 
sheets.* A second interpretation recognises the presence of glaciers in 
the mountain regions, but maintains that the land, at the outset rather 
above its present level, gradually sank beneath the sea, till the depth 
of water over the eastern coast of England was fully 500 feet, and 

’ H. M. Deeley, Oeol, Mag,, 1909, p. 239. 

‘ E. Shackleton, The Heart of the Antarctic, ii. 277. 

B It has indeed been affirmed (Brogger, Om de senglacidle og poatglaciale nivaforand- 
ringer i KriHianiafelted, p. 682) that at the time of the great ice-sheet of Europe tho 
sea-bottom must have been uplifted at least 8,500 feet Ugher than at present. This 
may be a ready explanation of the occurrence of certain dead shells in deep water, 
but, unless extremely local, it would revolutionise the drainage system of Centr^ 
Europe. 

« Oeol. Mag,, 1901, pp. 142, 187, 284, 332. 

* See Warren Upham, Monogr. U.8. Oeol. Survey, xxv. (1896). This explana- 
tion commends itself to the majority of British geologists as an explanation of tho 
noted parallel roads of Glcnroy, but it is premature to speak of it as * conclusively 
shown * (Quart, Jown. Oeol. 8oc., Iviii. (1902), 473) until a fundamentcfc! difficulty 
which it presents has been discussed and romovod, 
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over the western nearly 1,400 feet, from which depression it slowly 
recovered. By any such submergence Great Britain and Ireland would 
be broken up into a cluster of hilly islands, between which the tide 
from an extended Atlantic would sweep eastw^ards twice a day, its 
currents running strong through the narrower sounds, while move- 
ments in the reverse direction at the ebb would be much less vigorous. 
The third interpretation, in some respects intermediate, was first ad- 
vanced by the late Professor Oarvill Lewis, who held that the peculiar 
boulder clays an3 associated sands (such as those of East Anglia), which, 
as was then thought, were not found more than about 450 feet above 
the present sea-level, had been deposited in a great fresh-water lake, 
held up by the ice-sheets already mentioned and by an isthmus, which 
at that time occupied the place of the Strait of Dover. Thus, these 
deposits, though indirectly due to land-ice, were actually fluviatile or 
lacustrine. But this interpretation need not detain us, though the 
former existence of such lakes is still maintained, on a small scale in 
Britain, on a much larger one in North America, because, as was 
pointed out when it was first advanced, it fails to explain the numerous 
erratic blocks and shell-bearing sands which occur far above the margin 
of the hypothetical lake. 

Each of the other two hypotheses involves grave difficulties. That 
of great confluent ice-sheets creeping over £he British lowlands 
demands, as has been intimated, climatal conditions which are scarcely 
possible, and makes it hard to explain the sands and gravels, sometimes 
with regular alternate bedding, but more generally indicative of strong 
current action, which occur at various elevations to over 1,300 feet 
above sea-level, and seem too widespread to have been formed either 
beneath an ice-shoet or in lakes held up by one; for the latter, if 
of any size, would speedily check the velocity of influent streams. 
Also the mixture and crossing of boulders, which I have described, 
are inexplicable without the most extraordinary oscillations in the size 
of the contributing glaciers. To suppose that the Scandinavian ice 
reached to Bedfordshire and Herts and then retired in favour of North 
British glaciers, or vice versd, assumes an amount of variation which, 
so far as I am aware, is without a parallel elsewhere. So also the mix- 
ture of boulders from South Scotland, the Lake District, and North 
Wales which lie, especially in parts of Staffordshire and Shropshire, 
as if dropped upon the surface, far exceeds what may reasonably be 
attributed to variations amplified by lateral spreading of mountain 
glaciers on reaching a lowland, while the frequent presence of shells in 
the drifts, dozens of miles away from the present coast, implies d rather 
improbable scooping up of the sea-bed without much injury to such 
f^'agile objects. The ice also must have been curiously inconstant in 
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its operations. It is supposed in one place to have glided gently 
over its bed, in another to have gripped and torn out huge masses of 
rock.^ Both actions may be possible in a mountain region, but it is 
very difficult to* understand how they could occur in a lowland or plain. 
Besides this we can only accoimt for some singular aberrations of 
boulders, such ad Shap granite well above Grosmont in Eskdale, or the 
Scandinavian rhomb-porphyry above Lockwood,* near Huddersfield, by 
assuming a flexibility in the lobes of an ice-sheet , which it is hard to 
match at the present time. Again, the boulder clay of the Eastern 
Counties is crowded, as we have described, with pebbles of chalk, which 
generally are not of local origin, but have come from north of the Wash. 
Whether from the bed of a river or from a sea-beach, they are certainly 
water-worn. But if preglacial, the supply would be quickly exhausted, 
so that they would usually be confined to the lower part of the clay. 
As it is, though perhaps they nm larger here, they abound throughout. 
The so-called moraines near York (supposed to have been left by a 
glacier retreating up that vale), those in the neighbourhood of Flam- 
borough Head and of Sheringham (regarded as relics of the North Sea 
ice-sbeet) do not, In my opinion, show any important difference in out- 
line from ordinary hills of sands and gravels, and their materials are 
wholly unlike those of any indubitable moraines that I have either seen 
or studied in photographs. It may be said that the British glaciers 
passed over very different rocks from the Alpine ; but the Swiss molasse 
ought to have supplied abundant sand, and the older interglacial gravels 
quantities of pebbles ; yet the differences between the morainic materials 
on the flank of the Jura or near the town of Geneva and those close to 
the foot of the Alps are varietal rather than specific. 

Some authorities, however, attribute such magnitude to the ice- 
sheets radiating from Scandinavia that they depict them, at the time 
of maximum extension, as not only traversing the Nbrth Sea bed and 
trespassing upon the coast of England, but also radiating southward to 
overwhelm Denmark and Holland, to inyade Northern Germany and 
Poland, to obliterate Hanover, Berlin, and Warsaw, and to stop but 
little short of Dresden and Cracow, while burying Bussia on the east to 
within no great distance of the Volga and on the south td the neighbour- 
hood of Kief. Their presence, however, so far as I can ascertain, is in- 
ferred from evidence * very similar to that which we have discussed in the 

^ That this has ocQurred at Cromer is a very dubious hypothesis (see Oeol, Mag., 
1^5, pp. 397, 624). The cwious relations of the drift and chalk in the islands of 
Moen and Biigen are sometimes supposed to prove the same action. Knowing both 
well, 1 have no hesitation in saying that the chalk there i8,'aB a rule, as much in situ 
as it is in the Isle of Wight. 

^ About half-way across England and 810 feet above sea-level. F. F. Kendall, 
QuaH. Joum. Qeol. Soc., Iviii. (1902), p. 498. 

« A valuable summary of it is given in The Great Ice Age, J. Gcikie, ch. xzix., xxx. 
(1894). 
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British lowlands. That Scandinavia was at one time almost wholly buried 
beneath snow and ice is indubitable ; it is equally so that at the outset 
the land stood above its present level, and that during the later sta'^es of 
the Glacial Epoch parts, at any rate of Southern Norway, had sunk 
down to a maximum depth of 800 feet. ^ In Germany, however, erratics 
are scattered over its plain and stranded on the slopes of the Harz and 
Biesengebirge up to about 1,400 feet above sea-level. The glacial drifts 
of the lowlands sometimes contain dislodged masses of neighbouring 
rocks like those at Cromer, and we read of other indications of ice 
action. I must, however, observe that since the glacial deposits of Moen, 
Wamemunde, and Eiigen often present not only close resemblances to 
those of our Eastern Counties but also very similar difficulties, it is not 
permissible to quote the one in support of the other, seeing that the origin 
of each is equally dubious. Given a sufficient ' head ' of ice in northern 
regions, it might be possible to transfer the remains of organisms from 
the bed of the Irish Sea to Moel Tryfaen, Macclesfield, and Gloppa; 
but at the last-named, if not at the others, we must assume the existence 
of steadily alternating currents in the lakes in order to explain the 
corresponding bedding of the deposit. This, however, is not the only 
difficulty. The * Irish Sea glacier ’ is supposed to have been com- 
posed of streams from Ireland, South-West Scotland, and the Lake 
District, of which the second furnished the dominant contingent; the 
first-named not producing any direct effect on the western coast of 
Great Britain, and the third being made to feel its inferiority and 
‘ shouldered in upon the mainland.’ But even if this ever happened, 
ought not the Welsh ice to have joined issue with the invaders 
a good many miles to the north of its own coast? ^ Welsh boulders 
at any rate are common near the summit of Moel Tryfaen, and I 
have no hesitation in saying that the pebbles of riebeckite-rock, far 
from rare in its drifts, come from Mynydd Mawr, hardly half a league 
to the E.S.E., and not from Ailsa Craig.® 

As such frequent appeal is made to the superior volume of the ice- 
sheet which poured from the Northern Hills over the bed of the Irish 
Sea, I will compare in more detail the ice-producing capacities of the 

^ ^ From Moel Tryfaen to the nearest point of Scotland is well over a hundred 
miles, and it is a few loss than this distance from Gloppa to the Lake District. In 
order to allow the Irish Sea ice-sheet to reach the top of Moel Tryfaen the glacier 
productive power of Snowdonia has been minimised (Wright, Man and the Oladal 
Epoch, pp. 171, 172). But the difference between that and the Arenig region is not 
great enough to make the one incompetent to protect its own borderhind while the 
other could send an ice-sheet which could almost cover the Clent Hills and reach the 
neighbourhood of Birmingham. Anglesey also, if we suppose a slight elevation and a 
temperature of 29® at the sea-level, would become a centre of ice-distribution and an 
advance guard to Nortk Wales. 

^ The boulders of picrite near Forth Nobla, from Llaneichymedd, though they 
have travelled southward, have moved away much to the west. 
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several districts. The present temperature of West-Central Scotland 
may be taken as 47^; its surface as averaging about 2,500 feet, rising 
occasronally to nearly 4,000 feet above sea-level. In the western part 
of the Southern^ Uplands the temperature is a degree higher, and the 
average for altitude at most not above 1,500 feet. In the Lake Dis- 
trict and the Northern Pennines the temperature is increased by another 
degree, and the heights are, for the one 1,800 feet with a maximum of 
3,162 feet, for the other 1,200 feet and 2,892 feet. In North Wales 
the temperature is 50^, the average height perhaps 2,000 feet, and the 
culminating point 3,571 feet. For the purpose of comparing the ice- 
producing powers of these districts we may bring them to one tempera- 
ture by adding 300 feet to the height for each degree below that of the 
Welsh region. This would raise the average elevation of Central and 
Southern Scotland to 3,400 feet and 2,100 feet respectively ; for the Lake 
District and Northern Pennines to 2,100 feet and 1,500 feet. We may 
picture to ourselves what this would mean, if the snow-line were at the 
sea-level in North Wales, by imagining 8,000 feet added to its height 
and comparing it with the Alps. North Wales would then resemble a 
part of that chain which had an average height of about 10,000 feet 
above sea-level, and culminated in a peak of 11,571 feet; the Lake Dis- 
trict would hardly differ from it ; the Northern Pennines would be like a 
range of about 9,000 feet, its highest peak being 11,192 feet. Southern 
Scotland would be much the same in average height as the first and 
second, and would rise, though rarely, to above 11,000 feet; the average 
in Central Scotland would be about 11,400 feet, and the maximum about 
13,000 feet. Thus, North Wales, the Lake District, and the Southern 
Uplands would differ little in ice-productive power; while Central 
Scotland would distinctly exceed them, but not more than the group 
around the Finsteraarhorn does that giving birth to the Bhone glacier. 

In one respect, however, all these districts would differ from the Alps— 
that, at 8,000 feet, the surface, instead of being furrowed with valleys, 
small and great, would be a gently shelving plateau, which would favour 
the formation of piedmont glaciers. Still, unless we assume the present 
distribution of rainfall to be completely altered (for which I do not know 
any reason), the relative magnitudes of the ice coming from these centres 
(whether separate glaciers or confluent sheets) could differ but little. 
Scottish ice would not appreciably ‘ shoulder inland ' that from the Lake 
District, nor would the Welsh ice be imprisoned within its own valleys. 

During the last few years, however, the lake-hypothesis of Carvill 
Lewis has been revived under a rather different form by some English 
advocates of land-ice. For instance, the former presence of ice- 
dammed lakes is supposed to be indicated in the upper parts of the 
Cleveland Hills by certain overflow channels. I may be allowed to 
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observe that, though this view is the outcome of much acute observa- 
tion and reasoning,^ it is wholly dependent upon the ice-barriers 
already mentioned, and that if they dissolve before the dry light of 
sceptical criticism, the lakes will ‘leave not a rack b^ind.* I must 
also confess that to my eyes the so-called ‘ overflow channels * much 
more closely resemble the remnants of ancient valley-systems, formed 
by only moderately rapid rivers, which have been isolated by the tres- 
pass of younger and more energetic streams, and they suggest that the 
main features of this picturesque upland were developed before rather 
than after the beginning of the Glacial Epoch. I think that even ‘ Lake 
Pickering/ though it has become an accepted fact with several 
geologists of high repute, can be more simply explained as a two- 
branched ‘valley of strike,* formed on the Kirnmerid'ge clay, the 
eastern arm of which was* beheaded, even in prcglacial times, by the 
sea.* As to Lake Oxford,* I must confess myself still more sceptical. 
8ome changes no doubt have occurred in later glacial and postglacial 
times; valleys have been here raised by deposit, there deepened some- 
times by as much as 100 feet; the courses of lowland rivers may 
occasionally have been altered; but I doubt whether, since those times 
began, either ice-sheet or lake has ever concealed the site of that 
University city. 

The submergence hypothesis assumes that, at the beginning of the 
Glacial Epoch, our islands stood rather above their present level, and 
during that period gradually subsided, on the west to a greater extent 
than on the east, till at last the movement was reversed, and they re- 
turned nearly to their former position. During most of this time glaciers 
came down to the sea from the more mountainous islands, and in winter 
an ice-foot formed upon the shore. This, on becoming detached, carried 
away boulders, beach pebbles, and finer detritus. Great quantities of 
the last also w^ere swept by swollen streams , into the estuaries * and 
spread over the sea-bed by coast currents, settling down especially in 
the quiet depths of submerged valleys. Shore-ice in Arctic regions, as 
Colonel II. \V. Feilden'^ has described, can striate stones and even the 
rock beneath it, and is able, on a subsiding area, gradually to push 
boulders up to a higher level. In fact the state of the British region 
in those ages would not have Been unlike that still existing near the 
coasts of the Barents and Kara Seas. Over the submerged region 
southward, and in some cases more or less eastward, currents would 

' P. F. Kendall, Quart Journ. GeoL Soe., Iviii. (1902), 471. 

“ See for instance the courses of the Medway and the Beult over the Weald clay 
(C. Le Neve Foster and W. Topley, Quart Journ. Geol. Soc., xxu (1865), p. 443). 

^ F. W. Harmcr, Qmrt J<yurn\ Geol Soc., Ixiii. (1907), p. 470. 

^ Qmrt Jotim. Geol. Soc., xzxiv. (1878), p. 656. 
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be prevalent ; though changes of wind ^ would often affect the drift 
of the floating ice-rafts. But though the submergence hypothesis is 
obviously free from the serious difficulties which have been indicated 
in discussing the other one, gives a simple explanation of the presence 
of marine organisms, and accords with what can be proved to have 
occurred in Norway, Waigatz Island, Novaia Zemlya, on the Lower 
' St. Lawrence, in Grinnell Land, and elsewhere,* it undoubtedly in- 
volves others. '"One of them — ^the absence of shore terraces, caves, or 
other sea marks — ^is perhaps hardly so grave as it is often thought 
to be. It may be met by the remark that unless the Glacial Age 
lasted for a very long time and the movements were interrupted by 
well-marked pauses, we could not expect to find any such record. In 
regard also to another objection, the rather rare and sporadic occur- 
rence of marine shells, the answer would be^that, on the Norway coast, 
where the ice-worn rock has certainly been submerged, sea-shells are 
far from common and occur sporadically in the raised deltaic deposits 
of the fjords.* An advocate of this view might also complain, not 
without justice, that, if he cited an inland terrace, it was promptly dis- 
missed as the product of an ice-dammed lake, and his frequent instances 
of marine shells in stratified drifts were declared to have been trans- 
ported from the sea by the lobe of an ice-sheet; even if they have 
been carried across the path of the Arenig ice, more than forty miles, 
as the crow flies, from the Irish Sea up the Valley of the Severn, or 
forced some 1,300 feet up Moel Tryfaen.* The difficulty in the latter 
case, he would observe, is not met by saying the ice-sheet would be 
able to climb that hill * given there were a sufficient head behind 
it. * * That ice can be driven uphill has long been known, but the 
existence of the ‘ sufficient head ' must be demonstrated, not assumed. 
There may be ‘ no logical halting-place between an uplift of ten or 
twenty feet to surmount a roche moutonnie and an equally gradual 

' See p. 25, and for the currents now dominant consult Dr. H. Bassett in Professor 
Herdman’s Report on the Lancashire Sea Fisheries, Trails, Biol, 8oc, IdverpooU zxiv. 
(1910), p. 123. 

a See Ice Work, p. 221. and Oeol, Mag,, 1900, p. 289. 

” If, as seems probable, the temperature was changing rather rapidly the old 
fauna would be pauperised and the new one make its way but slowly into the British 
fjords. 

^ Critics of the submergence hypothesis seem to find a difficulty in admitting^* 
downward and upward movements, amounting sometimes to nearly 1,400 feet 
during Pleistocene Ages ; but in the no]*them part of America the upheaval, at any 
rate, has amounted to about 1,000 feet, while on the western coast, beneath the 
lofty summit of Mount St. Elias, marine shells of existing species have been obtained 
some 6,000 foot above sea-level. It is idso admitted that in seyer^ places the pre- * 
d^ial surface of the land was much above its preseniS level. On. the River, 
wateyer be the explanation, foraminifers, radiolafians, and sponge spiqiilcs h&ve been 
found at 700 feet above sea-level, and near Victoria, on the Saskatchewan, even up 
to about l,900ieet. 

^ P. F. Kendall in Wright’s MarCani Ihe Oladal Period, p. 171. 
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elevation to the height of Moel Tryfaen/ yet there is a common-sense 
limitation, even to a destructive sorites. The argument, in fact, is 
more specious than valid, till we are told approximately how •thick 
the nor&em ice must be to produce the requisite pressure, and whether 
such an accumulation would be possible. The advocates of land-ice 
admit that, before it had covered more than a few leagues on its south- 
ward journey its thickness ivas less than 2,000 feet, and we are not 
entitled, as I have endeavoured to show, to pile up^ice indefinitely 
on eijbher our British highlands or the adjacent sea-bed. The same 
reason also forbids us largely to augment the thickness of the latter 
by the snowfall on its surface, as happens to the Antarctic barrier-ice. 
Even if the thickness of the ice-cap over the Dumfries and E^kcudbright 
hills had been about 2,500 feet, that, with every allowance for viscosity, 
would hardly give us a head sufficient to force a layer of ice from the 
level of the sea-bed to a height of nearly 1,400 feet above it and at 
a distance of more than 100 miles. 

Neither can we obtain much support from the instance in ^^pits- 
bergen, described by Professors Garwood and Gregory, where the Ivory 
Glacier, after crossing the bed of a valley, had transported marine 
shells and drift from the fioor (little above sea-level) to a height of about 
400 feet on the -opposite slope. Here the valley was narrow, and the 
glacier had descended from an inland ice-reservoir, much of which was 
at least 2,800 feet above the sea, and rose occasionally more than a 
thousand feet higher.^ 

But other difficulties are far more grave. The thickness of the 
chalky boulder clay alone, as has been stated, not infrequently exceeds 
100 feet, and, though often touch less, may have been reduced by denuda- 
tion. This is an enormous amount to have been transported and distributed 
by floating ice. The materials also are not much more easily accounted 
for by this than by the other hypothesis. A continuous supply of well- 
worn chalk pebbles might indeed be kept up from a gradually rising 
or sinking beach, but it is difficult to see how, until the land had sub- 
sided for at least 200 feet, the chalky boulder clay could be deposited 
in some of the East Anglian valleys or on the Leicestershire hills. That 
depression, however, would seriously diminish the area of exposed 
chalk in Lincolnshire and Yorkshire, and the double of it would almost 
drown that rock. Again, the East Anglian boulder clay, as we have 
said, frequently abounds in fragments and finer, detritus from the 
Kimmeridge and Oxford clays. But a large part of Iheir outprop would 
disappear before the former submergence was completed'; Yet the 
materials of the boulder clay, though changing as it is traced across 
the country, more especially, from east to west, seem to vary little in a 

^ Quart. Journ. Qeol. 8oc.p liv. (1898), p. *206. Earlier pbsenratioiis of some 
upthrust of materials by a g^ier are noted on p. 219'. 
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Vertical direction. The instances, also, of the transportation of boulders 
and* smaller stones to. higher levels, sometimes large in amount, as in 
the transference of ‘ brockram * from outcrops near the bed of the Eden 
Valley to the level of Stainmoor Gap, seem to be too numerous to be 
readily explained by the uplifting action of sbore-ice in a subsiding 
area. Such a process is possible, but I should anticipate it would 
be rather exceptional. 

Submergence also readily accounts for the above-named sands and 
gravels, but not quite so easily for their occurrence at such very different 
levels. On the eastern side of England gravelly sands may be 
found beneath the chalky boulder clay from well below sea-level to three 
or four hundred feet above it. Again, since, on the submergence hypo- 
thesis, the lower boulder clay about the estuaries of the Dee and the 
Mersey must represent a deposit from piedmont ice in a shallow sea, 
the mid-glacial sand (sometimes not very clearly marked in this part) 
ought not to be more than forty or fifty feet above the present Ordnance 
datum. But at Manchester it reaches over 200 feet, while near Hey- 
wood it is at least 425 feet. In other words ihe sands and gravels, 
presumably (often certainly) mid-glacial, mantle, like the upper boulder 
clay, over great irregularities of the surface, and are sometimes found, 
as already stated, up to more than 1,200 feet. Either of these deposits 
may have followed the sea-line upwards or downwards, but that expla- 
nation would almost compel us to suppose that the sand was deposited 
during the submergence and the upper clay during the emergence ; so 
that, with the former material, the higher in position is the newer in 
time, and with the latter the reverse. We must not, however, forget 
that in the island of Eiigen we find more than one example of a strati- 
fied gravelly sand between two beds of boulder clay (containing Scandi- 
navian erratics) which present some resemblance to the boulder clays of 
eastern England, while certain glacial deposits at Warnemiinde, on the 
Baltic coast, sometimes remind us of the Contorted Drift of Norfolk. 

Towards the close of the Glacial Epoch the deposition of the boulder 
clay ceased^ and its denudation began. On the low plateaux of the 
Eastern Counties it is often succeeded by coarse gravels, largely com- 
posed of flint, more or less water-worn. These occasionally include small 
intercalations of boulder clay, have evidently been derived from it, and 
indicate movement by fairly strong currents. Similar gravels are found 
overlying the boulder clay in other parts of England, sometimes at 
greater heights above sea-level. Occasionally the two are intimately 
related. For instance, a pit on the broad, almost level, top of the 
Gogmagog Hills, about 200 feet above sea-level and four, miles south 
of Cambridge, shows a current-bedded sand and gravel, overlain by a 

^ Probably deposits of a distinctly glacial origin (such as those near Hessle in 
Yorkshire) continued in the northezn distiiots, but on these we need not linger* 
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boulder clay, obviously rearranged; while other pits in the iiniiiediate 
neighbourhood .expose varieties and mixtures . of one or the dther 
material. But, as true boulder clay occurs in the valley below,'' these 
gravels must have been deposited, and that by rather strong currents, 
on a hill-top — a thing ^which seems impossible under anything like the 
existing conditions*; and, even if the lowland were buried beneath ice full 
200 feet in thickness, which made the hill-top into the bed of a lake, it is 
difficult to understand how the waters of that could be in rapid motion. 
Rearranged boulder clays also occur on the slopes of valleys ‘ which may 
be explained, with perhaps some of the curious sections near Sudbury, 
by the slipping of materials from a higher position. But at Old 
Oswestry gravels with indications of ice action are found at the foot of 
the hills almost 700 feet below those of Gloppa. 

Often the plateau gravels are followed at a lower level by terrace 
gravels,* which descend towards the existing rivers, and suggest that 
valleys have been sometimes deepened, sometimes only re-excavated. 
The latter gravels are obviously deposited by rivers larger and stronger 
than those which now wind their way seawards, but it is difficult to ex- 
plain the former gravels by any fluviatile action, whether the water from 
a melting ice-sheet ran over the land or into a lake, held up by some tem- 
porary barrier. But the sorting action of currents in a slowly shallow- 
ing sea would be quite competent to account for them, so they afford an 
indirect support to the hypothesis of submergence. It is, however, 
generally admitted that there have been oscillations both of level and of 
climate since any boulder clay was deposited in the districts south of the 
Humber and the Eibble. The passing of the Great Ice Age was not 
sudden, and glaciers may have lingered in our mountain regions when 
palaeolithic man hunted the mammoth in the valley of the Thames, or 
frequented the caves of Devon and Mendip. But of these times of tran- 
sition before written history became possible, and of sundry interesting 
topics connected with the Ice Age itself — of its cause, date, and duration,, 
whether it was persistent or interrupted by warmer episodes, and, if so, 
by what number, of how often it had already recurred in the history of 
the earth — I must, for obvious reasons, refrain from speaking, and 
content myself with having endeavoured to place before you the facts 
of which, in my opinion, we must take account in reconstructing the 
physical geography of Western Europe, and especially of our own 
country, during the Age of Ice. 

Not unnaturally you will expect a decision in favour of one or the 
other litigant after this long summing-up. But I can only say that, in 
J'egard to the British Isles, the difficulties in either hypothesis appear so 


instance, at Stanningfield in the valley of the Lark. 

, . ^hese contain the instruments worked by palaeolithic (Achoulean) man who, in 
this country at any rate, is later than the chalky boulder clay. 

1910. D 
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great that, while I consider those in the " land-ice ’ hypothesis to be the 
more serious, 1 cannot as yet declare the other one to be satisfactorily 
established, and think we shall be wiser in working on in the hope of 
dealing up some of the perplexities. 1 may add that, for these purposes, 
regions like the northern coasts of Bussia and Siberia appear to me more 
promising than those in closer proximity to the North or South Mag- 
netic Poles. This may seem a * lame and impotent conclusion * to so long 
a disquisition, but there are stages in the development of a scientihc idea 
when the Lest service we can do it is by attempting to separate facts from 
fandes, by demanding that difhculties should be frankly faced instead 
of being severely ignored, by insisting that the giving of a name cannot 
convert the imaginary into the real, and by remembering that if hypo- 
theses yet on their trial are treated as axioms, the result will often bring 
disaster, like building a tower on a foundation of sand. To scrutinise, 
rather than to advocate any hypothesis, has been my aim throughout 
this address, and, if my efforts have been to some extent successful, I 
trust to be forgiven, though I may have trespassed on your patience 
and disappointed a legitimate expectation. 
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The Further Tabulation of Bessel Functions. — Beport of ^ Committee, 
consisting of Professor M. J. M. Hill (Chairman), Dr. J. W. 
Nicholson (Secretary), Professor Alfaed Lodge, and Dr. L. N. G. 
Filon. 

The Committee, having now practically completed their proposed calcula- 
tions of the Bessel Functions of type J„ (x), are proceeding to a calculation 
on similar lines of the functions I„ (x) and E„ (x) for various values of 
n and x. The former is the function of which, for the cases n=0 and 
n=:l, extensive tables were published by the British Association in 1889, 
1893, and 1896, and is defined by 

ln(*) = (*»)• 

The function E„ (x) satisfies the same dififerential equation as I, (x) 
and vanishes for an infinite argument. It may be conveniently defined 
by the integral 

K. («•) = f sinh ^ *■ 

X(« + DV2/ J, 

Writing 

v^here T„, are new functions, then it may be shown that T„ is the 
function B hitherto used by the Committee, with its alternate signs 
changed to negative. As the material for the calculation of B is still at 
hand, that of will thus present no difficulty. It is proposed to 
tabulate for all the available values and thence to deduce from the 
tables for (a;), checking the results by a recurrence formula for valid 
when n is half an odd integer. The tabulation of K„ (:r) will then 
follow. 
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The results so far obtained are not sufficiently advanced to appear 
in the present Eeport. 

During the course of the year Dr. Filon has found it necessary 
to resign thfe secretaryship of the Committee, and, at the request of 
the Chairman, Dr. Nicholson has taken up the duties. 

The Committee have .given further consideration to the suggestion 
that they should undertake the publication of a volume containing all 
the tables of Bessel functions and other allied functions now existent, 
and that their work should be directed towards the filling up of serious 
gaps which such a volume would contain. They view this suggestion 
with favour, and seek the necessary permission from the Association. 
A list of the existing tables has been compiled, and is now believed 
to be complete. The Committee are desirous of reappointment, again 
without a grant. 


Exfpenm&nts for Im'promng the Construction of Practical Standards for 
Electrical Measurements. — Rep)rt of the CommitteCy consisting of 
Lord Bayleigh {Chairman)^ Dr. B. T. Glazebrook (Secretary), 
Professors J. Perry, W. 6 . Adams, and G. Carey Poster, Sir 
Oliver Lodge, Dr. A. Muirhead, Sir W. H. Preecb, Professors A. 
Schuster, J. A. Fleming, and Sir J. J. Thomson, Dr. W. N. Shaw, 
Dr. J. T. Bottomley, Bev. T. C. Fitzpatrick, Dr. G. Johnstone 
Stoney, Professor S. P. Thompson, Mr. J, Bennie, Principal E. H. 
Griffiths, Sir Arthur Bucker, Professor H. L. Callendar, 
and Messrs. G. Matthey, T. Mather, and F. E. Smith. 

PAGB 

Appendix. — Order in Council relating to Electrical Standards, doled January 10, 

1910 40 

The Eeport of the International Conference on Electrical Units and 
Standards held in London in October 1908 was printed as an Appendix 
to last year’s Eeport. 

In January 1910 the Board of Trade took action in accordance with 
reooinmendationa of the Report, and an Order in Council relating 
to electrical units, dated January 10, which contains definitions of the 
English standards of resistance, current, and electromotive force in 
conformity with the definitions adopted by the Congress, has been 
issued. This is printed as an Appendix. 

In accordance with a scheme approved by the International 
Scientific Committee appointed by Lord Bayleigh at the London Con- 
ference, international co-operative work on electric standards has this 
year been carried out at the Bureau of Standards, Washington. It 
was arranged that representatives of the Bureau of Standards, the 
Laboratoire Central d ’Electricity, Paris, the Physikalisch-Technische 
Eeichsanstalt, Berlin, and of the National Physical Laboratory should 
take part in the work. The representatives of the Bureau of Standards 
were Professor E. B. Rosa and Dr. F. A. Wolff, and the European 
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delegates were Professor W. Jaeger, Professor F. Laporte, and Mr. 
F. E. Smith. 

Professor S. W. Stratton kindly offered the facilities of the Bureau 
of Standards for the investigation, and, in his capacity as Treasurer of 
the International Committee, was able to secure the funds to defray 
expenses. Towards this object the governing bodies of the American 
Institute of Electrical Engineers, the National Electric Light Asso- 
ciation, the Association of Edison Illuminating Companies, and the 
Illuminating Engineering Society most generously subscribed lOOZ. 
each. Some smaller ccmtributions were also received. 

The primary object of the meeting was to determine the electro- 
motive force of the Weston normal cell in terms of the international 
units of resistance and current. At the same time it was necessary 
to clear up certain outstanding problems on the standard cell and the 
silver voltameter. Previous to the meeting a great deal of experimental 
work had been done at each of the four institutions, and the results 
obtained were compared before deciding on a programme of experi- 
mental work. 

The European delegates took with them from their own laboratories 
a considerable quantity of apparatus and chemicals, together with stan- 
dards of electromotive force, resistance, and mass. The results of the 
meeting are very valuable, «nd a full report is in process of preparation. 

Another careful research on the silver voltameter has been made 
during the year by Professor F. Laporte at the Laboratoire Central 
d’BIectricitd. Professor Laporte shows that the result obtained in 
1908 by Professors Janet, de la Gorce, and himself, is subject to an 
appreciable error, owing to the use of silver nitrate, now known to be 
impure. With carefully prepared nitrate, and using the Eayleigh form 
of voltameter, he obtains 1’11829 milligram per coulomb for the 
electro-chemical equivalent of silver, {He current being measured in 
terms of the Weston cell as 1‘01830 volt at 17® C. and the inter- 
national ohm as realised at the National Physical Laboratory. The unit 
of current was, therefore, the same as that used by Smith, Mather, 
and Lowry in 1908, and the value for the electro-chemical equivalent 
found by Professor Laporte is in very close agreement with the value 
1‘11827 obtained by the British investigators. 

The General Committee at Winnipeg accepted the recommendation 
of the Council and the Committee of Section A in favour of the republi- 
cation of all the Eeports of the Electrical Standards Committee. Suit- 
able arrangements for the work have, therefore, been made, and the 
material is now with the printer, but in consequence of the absence 
of Mr. F. E. Smith in America, and the work of preparation required, 
progress has necessarily been slow. 

With regard to progress in electrical standardising work at the 
National Physical Laboratory, the Lorenz apparatus is practically com- 
plete, and some preliminary electrical measurements will, it is hoped, 
be made in October of the present year. 

The Ayrton-Jones current balance continues to work most satis- 
factorily, and small and gradual changes in e.m.f. of Weston cells. 
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amounting to less tlian three parts in 100,000 have been detected by 
its aid. 

The results of the investigation on cadmium amalgams at the 
National Physical Laboratory were incorporated in a paper read before 
the Physical Society last February. It may be useful to give here the 
limits of temperature between which various amalgams may be most 
usefully employed in the Weston normal cell : — 


Percentage of 
cadmium in the 
amalgam 

G 


Lower limit 

Below 0 C. 

Upper limit 

about 27-7 C. 

7 


99 

*9 

340 

8 


*• 

99 

410 

9 


99 

99 

46*0 

10 


99 

99 

610 

11 


about 0 C. 

99 

560 

12 

• • • • 

„ 8-7 C. 

99 

60*0 

I2i 

• • at 

>» 121 

above GO’O 

13 

• • 9 9 

» 161 

99 

60*0 

14 ^ 

• • • • 

„ 24-0 

99 

600 

15 

• • • • 

„ 32-5 

99 

600 


The degree of reproducibility which is now obtainable with the 
Weston cell far surpasses what it was five years ago. At the National 
Physical Laboratory sixty-seven cells were tested in 1909, and of these 
sixty agreed with the Laboratory standards within one part in ten 
thousand. What is not understood at present is the occurrence of 
strange hysteresis effects in a few cells. The e.m.p. of such cells may 
be normal at. first, but changes comparatively rapidly with time. 
Indeed, a large hysteresis effect in a cell appears to be an indication 
that the e.m.f. will not remain constant with time, whereas its absence 
is in general an indication of constancy. 

In view of the fact that the republication of the Eeports is not yet 
completed, the Committee recommend that they be reappointed, that 
Lord Eayleigh be Chairman, and Dr. E. T. Glazebrook Secretary. 


APPENDIX. 

Order in Council relating to Electrical Standards. 

At the Court at Buckingham Palace, January 10, 1910. Present: 
the King’s Most Excellent Majesty in Council. 

Whereas by the ‘ Weights and Measures Act, 1889, ’ it is, among 
other things, enacted that the Board of Trade shall from time to time 
cause such new denominations of standards for the measurement of 
electricity as appear to them to be required for use in trade to be made 
and duly verified. 

And whereas by Order in Council dated the 23rd day of August, 
1894, Her late Majesty Queen Victoria, by virtue of the power vested 
in Her by the said Act, by and with the advice of Her Privy Council, 
was pleased to approve the several denominations of standards set forth 
in the Schedule thereto as new denominations of standards for electrical 
measurement. 
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And whereas in the said Schedule the limits of accuracy attainable 
in the* use of tlio said denoniinaiionB of standards are. stated ns 
follows : — 

For the 01 im within one hundredth part of one per cent. 

For the Ampere within one tenth part of one per cent. 

For the Volt within one tenth part of one per cent. 

And whereas, at an International Conference on Electrical Units 
and Standards held in London in the month of October, 1908, the 
International Electrical Units corresponding with the said denomina- 
tions of standards were defined as follows : — 

The International Ohm is the resistance offered to an unvarying 
electric current by a column of mercury at the temperature of melting 
ice 14*4521 grammes in mass of a constant cross sectional area and of 
a length of 106*300 centimetres. 

The International Ampere is the unvarying electric current which, 
when passed through a solution of nitrate of silver in wateVi deposits 
silver at the rate of 0*00111800 of a gramme per second. 

The International Volt is the electrical pressure which when steadily 
applied to a conductor whose resistance is one International Ohm will 
produce a current of one International Amp6re. 

And whereas it has been made to appear to the Board of Trade to 
be desirable that the denominations of standards for the measurement 
of electricity should agree in value with the said International Electrical 
Units within the said limits of accuracy attainable; 

And whereas the denominations of standards made and duly verified 
in 1894 and set forth in the Schedule to the said Order in Council have 
been again verified ; 

And whereas the Board of Trade are advised that the said denomina- 
tions of standards agree in value with the said International electrical 
units within the said limits of accuracy attainable, except that in the 
case of the Ohm the temperature should bo .16^*4 0. in place of 15®*4 0. 
as specified in the Schedule to the said Order in Council ; 

And whereas it has been made to appear to the Board of Trade that 
the said denominations of standards should be amended so that the 
aforesaid exception may bo remedied; 

Now, therefore, His Majesty, by virtue of the power vested in Him 
by the said Act, by and with the advice of His Privy Council, is pleased 
to revoke the said Order in Council dated the 23rd day of August, 1894, 
and is further pleased to approve the several denominations of standards 
set out in the Schedule hereto as denominations of standards for the 
measurement of electricity. Almeric Fitzboy. 

‘ Schedule above referred to. 

‘ I. Standard of Electrical Resistance. 

* A standard of electrical resistance denominated one Ohm agreeing 
in value within the limits of accuracy aforesaid with that of tlie Inter- • 
national Ohm and being the resistance between the copper terminals of 
the instrument marked ** Board of Trade Ohin Standard Verified, 1894 
and 1909,** to the passage of an unvarying electrical current when tliO 
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coil of insulated wire forming part of the aforesaid instrument and 
connected to the atorefeaid terminals is in all parts at a temperature 
oflfeo-4C. . 

‘ II. Standard of Electrical Current, 

‘ A standard of electrical current denominated one Ampere agreeing 
in value within the limits of accuracy aforesaid with that of the Inter- 
national Amp6re and being the current which is passing in and through 
the coils of wire forming part of the instrument marked “ Board of 
Trade Ampere Standard Verified, 1894 and 1909,*' when on reversing 
the current in the fixed coils the change in the forces acting upon 
the suspended coil in its sighted position is exactly balanced by the 
force exerted by gravity in Westminster upon the iri&oplatinum weight 
marked A and forming part of the said instrument. 

« 

‘ III. Standard of Electrical Pressure. 

* A standard of electrical pressure denominated one Volt agreeing 
in value within, the limits of accuracy aforesaid with that of the Inter- 
national Volt and being one hundredth part of the pressure which when 
applied between the terminals forming part of the instrument marked 
“ Board of Trade Volt Standard Verified, 1894 and 1909,** causes that 
rotation of the suspended portion of the instrument which is exactly 
measured by the coincidence of the sighting wire with the image of the 
fiducial mark A before and after application of the pressure and with 
that of the fiducial mark B during the application of the pressure, these 
images being produced by the suspended mirror and observed by means 
of the eyepiece. 

‘ In the use of the above standards the limits of accuracy attainable 
.are as follows : — 

‘ For the Ohm, within one hundredth part of one per cent. 

‘ For the Amp&re, within one tenth part of one per cent. 

‘ For the Volt, within one tenth part of one per cent. 

‘ The coils and instruments referred to in this Schedule are deposited 
at the Board of Trade Standardising Laboratory, 8 Eichmond Terrace, 
Whitehall, London.* 

Establishing a Solar Observatory in Australia. — Report of the Committee, 
consisting of Sir David Gill {Chairman), Dr. W. G. Duffibld 
{Secretary), Dr. W. J. S. Lockyer, Mr. P. McClean, and 
Professors A. Schuster and H. H. Turner. 

During the past year the movement for the establishment in Australia 
of a solar observatory has made considerable progress, the annual 
upkeep having been promised by the Commonwealth Government pro- 
vided that a sum of 10,0001. be forthcoming from private sources for its 
erection and equipment. 

The Secretary was in Australia during the early part of the year 
1909-10, and he has already reported^ the formation of the Solar 
^ Winnipeg Report,. 1909. 
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Physics Committee of the Australasian Association for the Advancement 
of Science, as well as the favourable reply from the Minister of Home 
Affairs of the Fisher Ministry in response to their deputation upon the 
subject, shortly before the Deakin Ministry came into power. 

In order to demonstrate the strong feeling throughout Australia that 
this work should be undertaken, a public meeting was convened by the 
Solar Physics Committee in the Melbourne Town Hall on October 26, 
1909. Delegates were appointed by the Councils of the Universities 
of Sydney, Melbourne, Adelaide, and Hobart, the observatories of Mel- 
bourne and Adelaide, the Eoyal Societies of New South Wales, Victoria, 
and South Australia, and the Astronomical Societies 6f Sydney and 
Adelaide. The meeting was presided over by the Earl of Dudley, 
Governor-General of Australia, who concluded his opening address with 
the words : — 

‘ It will be little short of a national misfortune if, for the sake of a 
few thousand pounds, Australia fails to take the place amongst the 
nations of the world in scientific research for v^hich her geographical 
position marks her out. The country appears destined by Nature for 
the work, and it is doubtful whether it can be done anywhere else so 
well as here. The location of the new station in Australia would mean 
that three out of the four necessary links in the chain of observatories 
would be within the Empire, and that all four — ^the American, the 
British, the Indian, and the Australian — would be run by English- 
speaking peoples. It would also show that Australia recognised her 
responsibilities and her opportunities, and had taken her place amongst 
the nations of the world, at any rate in the realms of science. * 

The following resolution was put to the meeting and carried unani- 
mously : ‘ That the establishment of a Solar Observatory in Australia is 
desirable, and that the Federal Government be strongly urged to assume 
the responsibility of carrying it into effect. * Sir Thomas Gibson- 
Carmichael, Governor of Victoria, Sir George Eeid, High Commissioner 
for Australia, Sir John Madden, Chancellor of the Melbourne Uni- 
versity, Professors David and Henderson, Mr. Baracchi, Government 
Astronomer of Victoria, Mr. Hunt, Commonwealth Meteorologist, and 
others spoke in favour of the establishment of the observatory. 

In response to a question asked in the Commonw^ealth Parliament 
concerning the Government's intention of undertaking this work, the 
Prime Minister, Mr. Deakin, replied : ‘ . It appears to me that 

the Commonwealth ought to do its share in this matter. I propose, 
therefore, to ask my honourable colleagues to place on the Estimates a 
sum sufficient for the maintenance of such an observatory. If neces- 
sary, we may go further, but it is desirable that in the first instance the 
wealthy men of Australia should have their attention called to the 
opportunity now presented them for the erection and equipment of an 
observatory whose results would be valuable to the world at large, and 
incidentally to Australia. The Commonwealth Government would be 
Jirepared to maintain it for the sake of science and Australian meteoro- 
logy* November 4, 1909. 

Mr. Deakin subsequ^tly stated that the Cabinet had approved of 
n. proposal upon the above lines for submission to Parliament. The 
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cost c)t iiiaintcnance of a solar observatory at a suitable spot in the 
interior of the continent was estiinaied at about 1,500Z. per annum 
for the earliest years, ‘ with probably an expanding outlay as the work 
developed. * 

The Ijabour Ministry under Mr. Fisher has now returned to power, 
and it is thought that it will be no less sympathetic than Mr. Deakin’s 
Ministry. Towards the sum of 10,000Z. that is required for the con- 
struction and equipment, about 4,()00Z. has been subscribed in money 
and apparatus, so that as matters stand at present the sum of 6,000L 
is alone required to enable the whole world to be linked up by a chain 
of observatories, and the scheme of International Co-operation in Solar 
Eesearch to be carried completely into effect. 


Seismological Investigations. — Fifteenth Report of the Committee^ con- 
sisting of Professor H. H. Turner (Chairman)^ Mr. J, Milne 
(Secretary), Mr. C. Vernon Boys, Sir George Darwin, Mr. Horace 
Darwin, Major L. Darwin, Dr. K. T. Glazebrook, Mr. M. H. 
Gray, Professor J. W. Judd, Professor C. G. Knott, Professor 
R. Meldola, Mr. R. D. Oldham, Professor J. Perry, Mr. W. E. 
Plummer, Professor J. H. Poynting, Mr. Clement Reid, and 
Mr. Nelson Richardson. (Drawn up by the Secretary.) 

[Plates I and IL] 
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I. General Notes. 

The following notes, which have been brought together to form the 
liiteenth Annual Report of this Committee, refer for the most part to 
work which is in progress rather than to work which has attained a stage 
approximating completion. 

Your Committee ask to be reappointed with a grant of 60Z. 

Registers . — Since the meeting of last year Circulars Nos. 20 and 21 
have been issued. They refer to observations made at Shide, Kew, 
Bidston, Edinburgh, Paisley, Eskdalemuir, Haslemere, West Brom- 
wich, Stonyhurst, San Fernando (Spain), Valetta, Beirut, Ponta 
Delgada, Cape of Good Hope, Mauritius, Cairo, Bombay, Kodaikanal, 
Alipore, Colombo, Irkutsk, Tokio, Batavia, Toronto, Victoria, Balti- 
more, Trinidad, Chacarita and Pilar (Argentine), Honolulu, Perth, 
Sydney, and Christchurch. 
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Visitors . — Altliough many visitors have called at Sliide Observatory 
merely to satisfy curiosity, there have been a number who have visited 
this station with the express object of obtaining information whiclFthey 
could turn to practical account. The following gentlemen spent two 
days at Shide to study the routine of a seismdlogical observatory : N. K. 
Fennirnore (St. Helena), C. E. Pain (Seychelles), P. Marx (Ascension), 
J. G. Meats (St. Vincent, Cape Verde), H. G. Thomas (Cocos), 
C. E. Holmes (Fernando Norhona), R. Eanldne (Fiji), J. J. Shaw (West 
Bromwich), F. Ryan (Electra House, London), the Rev. A. L. Cortie, 
S.J. (Stonyhurst). Other visitors practically interested in seismology 
were P. E. Norris (Guildford), G. W. Walker (Eskdalemuir), W. E. 
Cooke (Perth), Major A. E. Galbraith, R.E. (Osborne), Lieut. W. A. 
Moore, R.A. (Freshwater), Professor P. G. Baily (Edinburgh), Pro- 
fessor H. H. Turner (Oxford), and M. H. Gray (Abbey Wood). 
W. R. Hearn (Consul-General, San Prancisco) and Professor E. P. 
Pinto Basto (Coimbra) both gave assistance towards obtaining material 
for a catalogue of destructive earthquakes. In addition to these indi- 
vidual visitors, Shide was visited by several parties, the Lymington 
Natural Science Society, some twenty visitors from Rouen, Professor 
V^lain with his assistants and a number of students from the Sor- 
bonne. These latter took a keen interest in everything they saw, and 
were particularly struck with the method followed by the British 
Association in making seismological observations as contrasted willi 
the method which is now in process of extension in their own country. 
From Japan we were visited by Count Otani Kodzui and two of his 
assistants, who had just returned from Central Asia, where incidentally 
they had observed large earthquakes. Their records were compared with 
those obtained at European and other stations. Professor H. Nakano 
very kindly offered to give us such assistance as he was able in obtaining 
more complete records from Japan. I may add that for a considerable 
tune past we have been indebted to Mr. J. Rippon, of the West India Cable 
Company, for registers of earthquakes which have occurred in Jamaica. 

II. New Stations. 

Installations are now in working order at West Bromwich and 
Guildford, and shortly we exfiect to receive a large series of records 
which have been made from Melbourne. Through the kind co-opera- 
tion of the Eastern, Eastern Extension and Pacific Telegraph Company, 
instruments will very shortly be established at St. Vincent (Capo Verde 
Islands), Ascension, St. Helena, Seychelles, Cocos and Fanning Islands. 
Other cable companies are considering the advisability of establishing 
instruments at certain of their stations, whilst, largely in consequence of 
the interest taken in seismological observations by Sir Everard im Thurn, 
an instrument will very shortly be shipped to Fiji. Inquiries have 
also been received respecting the installation of seismographs in several 
other colonies. New recording instruments in which the paper moves 
at the rate of 240 mm. per Hour have been adopted at the Royal Obser- 
vatory, Edinburgh; by the Geographical Society, Lima, Peru; and at 
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Stonyhurst College, near Blackburn. New instruments with quickly 
moving record-receiving surfaces have been sent to the Institute y 
Observatorio de Marina, San Fernando, Spain ; the Eio Tinto Company, 
Limited; Huelva, Spain; Cardiff; and Adelaide. 

West Bromwich^ Hilh Top . — ^The instrument established by Mr. 
Shaw at this station has two pendulums : A, with the boom-point to the 
east and weight to the west; B, with boom-point to the south and 
weight to the north. These are suspended from the walls of ;i cellar 
excavated in hard gravel. In descending order the strata beneath are 
105 feet of clay and red sand, 108 feet of clay, clunch, and coal, 60 feet 
of white rock, 63 feet of rock binds, and 31 feet of coal. The weights 
are 100 kilos, each. Period 16 seconds. The weight on A is 36 inches 
from the boom-point, whereas the weight of B is 54 inches from (he 
boom-point. 



Both booms are fitted with multiplying levers (ratio, 20: 1) giving 
a total sensibility for A 0"'l tilt = l mm. amplitude; and for B 0"'15 
tilt = l mm. amplitude. 

Tie records are taken on smoked paper travelling five inches per 
hour. 

The time is recorded by electric signal each minute, and the govern- 
ing clock compared with Greenwich daily. Average variation about one 
second per diem. 

Guildford, Woodbridge Hill . — ^This instrument was designed and 
put up by Mr. F. E. Norris, The mast rises 4^ feet above the top of 
a concrete column, which is sunk 5 feet in London clay. There is a 
north boom (A) and a west boom (B) recording without multiplying 
levers. Len^h of boom, 3 feet; weight at outer end, 100 lb. 1 mm. 
displacement =:1"*88 arc. 
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Instruments in Jamaica (Jor local shocks). , 

1. Chapelton {M. Maxwell Hall). — A duplex-j^endulum seismometer. 
Heavy weight, about 30 lb. Multiplication about 10 for horizontal 
movements only. Kecords on top upon a smoked-glass plate. 

2. Kingston (Brennan). — ^Made after the pattern of Gray, of Glas- 
gow, A heavy weight ring about 9 inches diameter, 25 lb. weight, 
acts as a pendulum, with ‘ dampers ’ to prevent continued oscillation 
termed ‘ friction pointers. ’ Multiplication about 12. Eecords upon 
a smoked-glass plate below, same as described in Milne’s book on 
earthquakes. All enclosed in a case free from wind currents. Length 
of suspension about 6 feet. 

Verbech's Ball and Tlate Seismometer. — ^Described in Milne’s book. 
Consists of two plates of glass 2 feet by 18 inches by ^ inch, about 25 lb. 
each, separated by three ^--inch steel bars horizontally fixed. Eegisters 
on the lop surface of top plate. This will give the actual horizontal 
movement of the ground, and is intended for large earthquakes. Can 
l egister a movement of about 2 or 3 inches. Fixed firmly to the ground 
and protected from air currents. 

III. Distribution of Earthquakes in 1909. 

The dash-dot lines on the accompanying chart (Plate I.) are parallel 
to the axes of districts from which large earthquakes have originated. It 
will be observed that they follow the principal ridges and troughs on the 
earth’s surface, but not necessarily to their extremities. 

In the Pacific the lines P, Ej, A^, Aj, B, Di, and follow the 
lines of troughs, while the remaining lines in the same ocean follow 
ridges. In the Atlantic the eastern portion of and H are ridge lines, 
whilst the western portion of is the portion of a trough. 

In Africa Kg is a ridge, whilst 0 and its northerly continuation to 
the Jordan depression is partly a trough. 

In the Indian Ocean part of G^ and Gg are parallel ridge lines, 
whilst Eg, Fg, Ml, and E are troughs. 

The lines in Europe and Asia follow ridges ; K^ is the Tian Shan- 
Altai system, which is continued to the north-east by the Stanovoi- 
Yabolonoi ranges. From this north-eastern extension, however, but 
few earthquakes originate. Kg is the Kwen Lun system, which ends 
abruptly at the great plain of China or turns at right angles near the 
great bend of the Hoango Ho and follow's the fold of the Khingan 
Mountains to the northern bend of the Amur. K^, K^, Kg is the 
Alpine, Balkan, Caucasian, Himalayan system, wliich turns sharply 
round the eastern bend of the Brahmaputra, and as .the Arakan Yoma 
range runs down to Cape Negrais, to be continued by stepping stones, 
the Andamans and Nicobars, to join the Sumatra-Java volcanic ridge. 

The number of earthquakes which have originated from each of 
these districts in 1909 was A, 4; B, 3; C, 0; D, 6; E, 18; F, 24; 
G, 3; H, 2; J, 0; K, 26; L, 0; M, 13; N, 0; O, 0; P, 0. The total 
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numbei^ bt Earthquakes since 1899 from these same districts, tlierE- 
fore, becomear A 40; B, 56; 0, 30; D, 28; E*, 133; F, 176; G, 26 j 
H, 36; I, 6; J, 6; E, 141; L, 2; M, 86 (this includes small dii3- 
turbances); 0, 1; P, 0. 

The most pronounced megaseismic activity is at the present time 
along a band running from the south extremity of the Philippines and 
Java in an east-south-east direction towards the middle of the Pacific. 
In the islands which stud this band with their intervening troughs 
we see the outcrops of mountain ranges with Himalayan proportions. 
It suggests a continent in the making. 


IV. A New Departure in Seismology. 

In the British Association Report, 1908, p. 64, I showed that 
after the earthquake of January 14, 1907, which devastated Kingston, 
Jamaica, 61 of the after-shocks were recorded by the British Association 
type of instrument at several stations in Great I3ritain. The time taken 
for these to travel from Jamaica to Great Britain, a distance of 67^, 
was in all cases practically 43 minutes. I am not aware that any one 
of these 51 shocks was recorded by other types of instruments either in 
Britain or Europe. Previously to this, however, very large shocks had 
been recorded as thickenings of traces near to the antipodes of their 
origin, but this was the first time that small after-shocks bad been noted 
at places far removed from their epicentral areas. We have here not 
only an indication of the high degree of sensibility possessed by. a 
certain type of instrument, but a suggestion that a new field for ex- 
ploitation had been discovered. Observations corresponding to those 
made on the shocks from Jamaica have been frequently repeated, with 
the result that the registers from stations possessing different types of 
instruments show considerable variation in the number of records which 
they yield. For example, between July 1 and December 31, 1909, we 
find that in the Isle of Wight 279 earthquakes were noted. These are 
assumed to be of true seismic origin, either because each finds a cor- 
responding record at several other stations, or that they were noted at 
times when wo should expect the surviving efforts of large earth- 
quakes to arrive in Great Britain. During this period, at Hamburg, 
Strassburg, and Laibach, where other types of instruments are in use, 
the number of records were respectively 123, 64, and 42. At these 
latter stations, like many others in the worlds we find either instruments 
recording on smoked paper or instruments which recorded photo- 
graphically. In the former the writing pointers are connected with the 
bob of a pendulum by a system of levers which gives a high multipli- 
cation, whilst with the instruments which record photographically the 
source of light is at a considerable distance from the record-receiving 
surface. With the first type of instrument a slackness in joints, 
together with elasticity and inertia of the levers, results in a loss of 
motion. Where the multiplication is high the makers of these instru- 
ments tell us that this amounts to fivE per cent. This means that no 
record whatever can be obtained until a certain amplitude of motion 
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lias been reached. This accounts for the fact which has So frequently 
been confirmed by my own experiences that this type of instrument 
fails to record very small movements. Why the second type of ffistini- 
ment carries the same objection is not so clear. We frequently notice 
til at the traces from lliese instruments arc not only broad, but they are 
wanting in definition. Small movements may possibly be lost in the 
ill-defined edges of the trace. 

On December 28, 1908, Messina and Eegio were ruined. Eight of 
the after-shocks reached tlio Isle of Wight, but only two of these seem 
to have been recorded at Laibach, Gottingen, and Hamburg, which are 
nearer to the origin tlian the Isle of Wight. 

A similar story is told in all the registers published since 1907. 
Earth messages appear to be passing beneath observatories all over 
the world, but their existence is not recognised, because the instruments 
generally used are not capable of recording the same. To exploit this 
new department in seismology old types of instruments will have to be 
improved or new ones adopted. 

V. Changes in Level accompanying certain Earthquakes. 

All geologists are familiar with the enormous mass displacements 
which have accompanied very large earthquakes, particularly in the 
vicinity of their origin. It does not, however, appear to have been re- 
cognised that small changes in level may sometimes be detected at great 
distances from the same. Evidences of such changes are occasionally 
to be seen in the records obtained from horizontal pendulums. As an 
illustration of this I will refer to the earthquake of January 22, 1910, 
which had its origin to the north of Iceland. With the maximum motion 
of this disturbance at Shide, in the Isle of Wight, the booms of five 
horizontal pendulums were suddenly displaced from their normal posi- 
tion. Those oriented east and west were swung to the north, whilst 
those at right angles to the west. Pendulums in rooms 80 yards apart 
were displaced similarly. In their new positions they were all free 
to swing. The displacement took place at 8 a.m., but at 12.45 they 
crept back somewhat intermittently towards their original zero. This 
they reached at 4 p.m. The behaviour of pendulums at Bidston and 
West Bromwich suggested a displacement similar to that at Shide. In 
the seismograms which I have accumulated during the last fifteen ye»rs 
I find many repetitions of a similar phenomenon. 

VI. Changes in Level due to Tidal Influence. 

Towards the end of last year it occurred to Professor Milne that 
the conditions under which the earthquake records were made at 
Bidston might be utilised to determine the amount of deformation of 
Ihe earth's surface due to the accumulation and removal of a heavy 
load of tidal water. 

A few years ago, in the basement of the Victoria Club at Eyde, 
Professor Milne made some observations with this in view. Contrary to 
expectations, it was found that when the tide rose the strand rose 
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also. This was attributed to tne banking up of drainage from the 
land and the consequent bulging up of the same, it was, however, 
pointec! out by Sir George Darwin that the greater quantity of water 
in the English Channel might more than counterbalance the eiiect of 
the smaller volume in the Solent. 

In the Mersey, as shown by the tide gauges on the Liverpool 
Landing Stage, the variation in the height of the tide can considerably 
exceed 10 feet, and in the Dee, at Hilbre Island, the oscillation is 
2 )ractically the same. The difference in the time of high water at 
these two stations is about half an hour. Consequently, as a glance 
at the rough map of the coast-line will show, there is a tendep^y for^ 
the load to balance on the east and west sides, while on the n0^.and 
south, apparently, the difference would be most marked. In tb^ese 
circumstances it is a little difficult to determine what would , be the 
most appropriate azimuth to mount the pendulum, but as the boom in 
the original seismometer was placed north and south, in the new 
instrument the direction was made east and west. The seismometer 
can, however, be turned through any angle if it be felt desirable to 
continue the investigations. 

The instrument used was designed by Professor Milne and his 
assistant, Mr. S. Hirota. All the observations were made and discussed 
by Mr. W. E. Plummer, Director of the Bidston Observatory. 

The boom differs in some essential particulars from the type 
ordinarily used in the Milne seismometer. It is divided into two 
parts : one, nearer to the stand, consists of a stout brass rod, carry- 
mg a weight of about seven pounds. At the extremity of this rod, which 
is only about 30 inches in length, is placed a light magnifying 
sllyJe, independently carried, and attached to the boom proper by 
means of a magnetised needle, capable of moving between a slender 
iron fork. The sensitiveness of the instrument can be increased at 
will by reducing the distance between the pivot on which the magni- 
fying style worl^ and the end of the boom. In the original construction 
the multiplying arm was 10 inches long, rotating about a centre 
1 inch from the end of the boom, consequently the displacement was 
magnified ten times. The arrangements for photographing the move- 
ment were of the ordinary character. The sensitised paper was paid out 
at the rate of 5 millimetres an hour, so as to make the small amplitude of 
theoscillation apparent. The tidal ffisplacements were sufficiently notice- 
able, and the accordance with the time of high water was satisfactory. 
To increase the sensitiveness of the instrument so as to make the motion 
more distinct and easily measured, and to remove any danger of the 
needle failing to engage the steel forks, it was felt desirable to adopt 
a different method of connection. With this view. Professor Milne sug- 
gested that the magnetised needle should be removed and the multiplying 
piece mounted as a bifilar pendulum, an arrangement which allowed the 
centre of motion to be brought much nearer to the end of the boom and 
gave a multiplication of about forty times. The method of photographing 
tne point of hght was changed, and a thin strip of black paper substituted. 
This apparatus has been in use since March 1910, and generally works 
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satisfactorily. The diagram (Plate II.) shows the character of the photo- 
graphs that are now being taken. The instrument is not well adapted for 
the record of earthquake waves, but two small tremors are showir; the 
second one is not to be found on the ordinary earthquake film. 

Some difl&ciilties have been introduced by the greater sensitiveness, 
and some were made more apparent, but these will probably disappear 
with greater experience. One difficulty was to determine the linear dis- 
placement of the boom due to an angular tilt of the instrument, for the 
smallest angular motion which it was possible to make with accuracy 
moved the multiplying style off the scale. It seemed necessary to reduce 
the sensitiveness by a known factor — that is, by increasing the distance 
between the supports of the bifilar portion. There are objections to this 
plan, and up to the present the results have been left in the form of the 
actual measured displacement. Another difficulty arose from a long 
slow movement of a.yery mffiute order in one direction, probably masked 
in the less sensitive instrument, but now distinctly noticeable in a con- 
tinued series of observations. To explain this creeping it may be men- 
tioned that the whole seismometer is mounted on a slate slab on the top 
of a drain-pipe, two feet in diameter. This form of stand was preferred 
by Professor Milne, because it avoided the drying of mortar or cement, 
which, io^a brick-built pier. Would take a very considerable time. The 
observed creeping may be due to some motion of the stand or of the hill 
on which the Observatory is built, akin to the annual variation in the 
azimuthal error of the transit instrument. While the instrument has 
been in use the temperature has been increasing. Observations in the 
second half of the year may clear up this point. 

It must not, however, be overlooked that one possible cause for 
this creeping may be found in the seasonal shift in the direction of 
the north-south barometrical gradient, accompanied by a seasonal 
change in the mean sea-level. In summer time the region of high 
barometrical pressure lies to the north of Great Britain, whilst in 
winter it lies considerably to the south. 

The amplitudes on the diagrams seem sufficiently large to warrant 
an attempt to determine the tidal constants by means of harmonic 
analysis in the same way that the records of a tidal gauge are used. 
It may be said here that it was hoped originally to deternline from the 
residuals between the computed and observed curves the direct effect 
of the moon*-s tide-generating force. At the present moment such an 
inquiry is no doubt rendered difficult owing to the slow creeping of 
the pendulum towards the north. The problem resembles that of trying 
to find the height of the tides from readings on a scale that is continually 
sinking into the ground, and at a rate which cannot be determined and 
which may not be uniform. There are also other practical difficulties 
connected with the winding of the clock, attending to the illumina- 
tion, &c. It is by no means certain that after a disturbance the boom 
returns to the position originally occupied with no greater, error than 
the small quantity sought. The discussion of the results, so far as they 
have gone, is useful as emphasising these difficulties, and with that view 
they are printed here. The observations from April 14 to April 28 
seemed as free from objection as any that have been made, and as a 
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first attempt it was arranged to derive the several tides in the manner 
described by Professor Sir G. H. Darwin. Clearly, if the main tides 
could not be recognised, it was hopeless to look for more recondite 
effects. There is a slight want of definiteness in the edge of the plioto- 
graph; but this defect has been to some extent removed, it is hoped, 
by measuring both sides and using the mean. The curve was read off 
to a tenth of a millimetre, and that unit has been used throughout. 

The results of the harmonic analysis are given in the following table. 
About these Sir George Darwin writes as follows : * Since the oscilla- 
tions of the pendulum are due to the weight of sea-water, it seems best 
to compare them with the tidal constants, as derived from ten years of 
observation at Hilbre Island.^ This place being near the mouth of 
the Dee, seems to afford a better means of comparison than does Liver- 
pool. The constants for Liverpool, however, differ but slightly from 
those at Hilbre Island. It is further desirable to compare the results 
with those derived from the equilibrium theory of tides for a place 
in lat. 530 24', approximately that of Bidston. I gave in Table B 
of the Eeport on Tides to the British Association for 1883 (‘ Scientific 
Papers,’ vol. i., p. 25) a theoretical scale of importance of the several 
tides expressed in terms of the principal lunar semidiurnal tide M 2 as 
unity. But this table takes no account of the latitude of the place of 
observation, merely giving the relative importance of the several “ co- 
efficients.’ What we require is to know what would be the deflections 
of the pendulum at Bidston if it w^ere erected on an absolutely unyield- 
ing soil, and were only affected by the tide-generating forces due to 
moon and sun. The values given in that table for the semidiurnal tides 
may be quoted directly therefrom, and give the results in terms of Mg 
as unity. But to reduce the diurnal tides to the same measure for this 
latitude, we must multiply the tabular values by sin 2A sec % where A 
is latitude. In this way we obtain a scale of relative importance for the 
lunisolar tide-generating force at Bidston. 


Lunar semidiurnal Ma 

x’o mm. 
rH = 17*52 
[K = 318° 

Hilbre 
Island 
9*758 ft. 
319° 

Tide-generating 
force at Bidston 
1*000 

0° 

Solar semidiurnal S^ 

(?: 

7*46 

327° 

3*128 ft. 

3° 

0*465 

0° 

Lunisolar semidiurnal Ka . ' 

(?: 

2*03 

327° 

0*890 ft. 
358° 

0*127 

0° 

Lunisolar diurnal Ki 

(?: 

6*64 

346° 

0*391 

188° 

1*572 

0° 

Solar diurnal P . . ^ 

[?: 

1*88 

346° 

0*146 

174° 

0*520 

0° 

Lunar diurnal 0 . 

1 ?: 

1*86 

237° 

0*370 

41° 

1*118 

0° 


Since the series of observations only extended over a fortnight, it was 
necessary to assume that the phase of Kg was the same as that of Sg* 
and the amplitude about ^\ths. Similarly the phase of P is assumed 
to be identical with that of K^, and the amplitude one-third. Hence in 

* See Baird and Darwin, Proc. Roy. Soc. vol. xxxix. (1885), p. 196, CqI. 33i 
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ilie case of the pendulum there are really only four independent evalu- 
ations, and the values of and of P might have been omitted as'^far as 
concerns the provision of a means of comparison between the pendulum 
and the tide. 

‘ A fortnight is much too short a period of observation to afford 
trustworthy values for the deflections of the pendulum, and therefore we 
should not place implicit reliance on the exact numerical values obtained. 

‘ The phase of for the pendulum is virtually identical with that of 
the tide, but this exactness of coincidenie is probably to some extent 
accidental. The high tide, so to say, for the solar tide Sa, differs in phase 
from that of the water by 36^ or Ih. 12m., and the amplitude is 
considerably greater relatively to than is the corresponding ratio for 
the sea. 

‘ The phases of the diurnal sea-tides at Hilbre Island are very 
abnormal, for whereas it might have been expected that they should all 
come out nearly the same, the phases of and O differ by 147°. The 
result is, however, derived from so many years of observation that it is 
certainly correct and is, moreover, confirmed by the tidal constants for 
Liverpool. In the case of the pendulum we observe a similar abnor- 
mality, for the phases of and O differ by 109®. It is, however, 
remarkable that these tides are almost inverted with reference to the 
sea-tides. One may conjecture that there are perhaps nodal lines for 
these tides at some short distance out to sea, and that the bulk of the 
sea which produces the flexure is in the opposite phase from that which 
gives the visible tide at Hilbre Island and Liverpool. The amplitudes 
of Kj and O’ are also very discordant, both in absolute amount and 
between themselves. In the sea Kj and 0 have nearly the same ampli- 
tude, but with the pendulum that of is three times as great as that 
of O. This would result if the supposed node of were nearer the 
shore than that for 0, because if this were so there would be a larger 
weight of water, oscillating in a phase opposite to that of the sea in 
shore, to produce flexure in the case of than in that of 0. How- 
ever, the series is much too short to justify any confidence in such 
conjectures. 

‘ The last column gives the relative importance of the tide -generating 
forces for the several tides, and it will be seen that the force for Kj is 
much larger and that for 0 somewhat larger than that for M^. We 
see that both in the sea and in the case of the pendulum there is an 
enormous reduction of amplitude for diurnal tides as compared with the 
semidiurnal ones, but the reduction is markedly less for the pendulum. 
If these values should be confirmed, we may perhaps suspect that the 
direct lunisolar tide-generating force is rendering itself evident in the 
Kj tide, and such a conjecture would accord with the phase of Kj 
approaching 360^ without the intervention of the nodal line at sea 
suggested above. However, as already pointed out, it is too soon to 
draw any conclusions with confidence. ' 

Whatever may have yet to come from this new departure in observa- 
tions bearing upon Earth Physics, the work already accomplished is 
suggestive of certain conclusions. 

We see that an observatory near to a shore line, in consequence o! 
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the diurnal tilting to which it may be subjected, is unsuitable for certain 
investigations. This, however, was pointed out by Sir George Darwin 
in his Eeport to the British Association in 1882. The discussion suggests 
precautions in the determination of the nadir at an observatory on the 
sea-coast, and probably the deepest mine in central Britain is still 
unsuitable as a place in which to measure the effects of lunar gravitation. 

The deflections accompanying tidal loads observed at Bidston indi- 
cate a relationship between the yielding of areas represented by rocks and 
other materials and loads which are fairly weU measureable. 

These deflections which accompany a 10-foot tide amount at Bidston 
to approximately 0"*2. This yielding may be truly elastic, or it may 
possibly be partly due to the sagging of a surface like that of a raft under 
the influence of load. This latter idea falls in line with seismological 
observations, which show day after day that the large waves of earth- 
quakes, whether passing beneath the alluvial plains of Siberia or beneath 
the crystalline rocks of North America, do so at a uniform speed. 
Seismology suggests that we live on a congealed surface, which, whether 
it is thick or thin, light or dense, apparently responds in a uniform 
maimer to undulations which pass beneath it. 


VII. Megaseismic Activity and Rest. 

From historical records it has been shown tiiat there are reasons for 
supposing that when there has been marked seismic activity in one 
portion of the world there has been a corresponding activity in some 
other part (see this Eeport, Section VIII., and also British Association 
Eeport, 1909, pp. 66-58). Although the records on which this con- 
clusion is based only refer to disturbances which have affected land areas 
and seaboards, it suggests that periods of marked seismic activity are 
governed by general conditions. We now possess a second register, 
collected by stations which have co-operated with British Association 
stations during the last eleven years, which refer to reliefs in seismic 
strain in all portions of the globe. These I have divided into two classes. 
First, those which have only been recorded in a single hemisphere ; and, 
second, those which have been recorded in the whole world. To the 
latter, which crossed an equator, I have given an intensity twice that of 
those which only disturbed instruments in a hemisphere. Earthquakes 
which have only been recorded throughout a single continent, no matter 
how much damage they may have caused, have been omitted. When 
these two classes are taken en bloc and arranged chronologically, it is 
at once seen that they have occurred in groups, and to each of these 
groups a value can be given dependent upon the number of shocks it 
contains and their relative intensities. From centre to centre of each 
group there are intervals, which usually vary between 10 and 30 days. 
An interval of 20 days is common, but it rarely reaches 40 days. On 
the accompanying diagram (see fig. 2) I have plotted the average inten- 
sities or values of groups which have been followed by 8, 9, 10, to 34 
days of rest. For example, groups with an average intensity of 4*5 were 
followed by 10 days of rest, whilst groups with intensities of 5*4 have 
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a rest period of 20 days. The mean line through these various deter- 
minations indicates that activity and rest are directly propo^ional. 
After marked efforts to bring about adjustments in the crust of our%arth 
there are long periods of quiescence and vice versa. A definite time- 
interval is required to bring about a condition for hypogenic activity. 


VIII. A Catalogue of Large Earthquakes. 

In the British Association Beport for 1908 I drew attention to the 
fact that existing catalogues of earthquakes consisted of materials ex- 
tremely heterogeneous in their character. Earthquakes which had only 
shaken a few square miles were included with those which might have 
shaken the whole world. Further than this the heterogeneity varied 



Fig. 2. 


in different historical periods. Ancient records only referred to laige 
earthquakes, while, as we approach modern tiines, this type aiS' 
turbance was eclipsed by numerous entries relating to tremors which 
hud only a local significance. If we take this as a fact we see in it an 
explanation why the numerous analyses of earthquake statistics have 
failed to reveal any striking results respecting the distribution of earth- 
quakes either in regard to space or time. 

To obtain materials which might throw light upon seismic frequency 
and periodicity, it would be necessary to draw up lists for districts and 
one for the world from which seismic trivialities were so far as possible 
excluded^ With this object in view, I have Inade certain progress with 
a catalogue which only refers to earthquakes which have been ac(^im 
panied by destruction, or by changes of the earth’s surface, or which 
have extended over large areas. In many instances these disturbances 





66 


BEPORTS ON THE STATE OP SCIENCE. 


have resulted in adjustments in the earth *s crust of geological import- 
ance. Taken in groups tliey indicate marked periods in the relief of 
seismic strain. 

As an incentive to continue this new typo of register, although in 
1908 but a small portion of it had been completed, I called attention to 
the fact that it showed : — 

First, that about 1650 there had been a period of marked seismic and 
volcanic activity in the world. 

Second, that although the periods of seismic activity in Italy and 
Japan were each separated by irregular intervals of time, the years in 
which there had been marked activity in one of these countries closely 
corresponded with the years when there had been marked activity in the 
other. Should further analyses confirm this conclusion, the suggestion 
is that the relief of seismic strain in one part of the world brings about 
relief in some other part, or that relief is governed by some general 
internal or external agency. 

The first entry in the catalogue is A.n. 1, and they are continued to 
A.D. 1900. This portion of the catalogue, which I propose to issue as 
Part I., will contain about four thousand entries. 

I recognise its incompleteness, and trust that the lacunce will 
shortly be filled up and brought together as a supplement. 

When examining this catalogue it must be remembered that it only 
refers to disturbances which have originated oti land surfaces and along 
seaboards. Further, it must be borne in mind that the historical records 
of different countries extend over very different periods of time. 

The sources from which materials have been drawn are briefly as 
follow : — 

Well-known catalogues like those of Mallet^ Perry, and Fuchs have 
formed a foundation. Next came Japanese catalogues of earthquakes, 
together with abstracts from records published in China; in these much 
information is given not obtainable elsewhere. The translations of the 
latter made by Mr. S. Hirota and Professor E. H. Parker were particu- 
larly difficult. In the former of these (see Report 1908) certain slight 
errors have been found in the materials from which the translations 
were made. For dates between a.d. 46 and a.d. 194 one or two days 
should be added, while for dates between a.d. 200 and a.d. 1590 three 
to ten days should be subtracted. The resulting dates are for the most 
part those on which earthquakes were notified, and not necessarily those 
on which they occurred. Numerous lists and monographs on the 
earthquakes of particular countries have been translated. Three of 
these accompany this Report. Many documents were obtained from 
various parts of the world where Great Britain is represented, by the 
kind co-operation of the Foreign, Colonial, and India Offices. Much 
time was spent, but, I regret to say, not very profitably, in examining 
the files of our more important newspapers and periodicals. Better 
results came from foreign journals and the publications of learned 
societies. These and other references to source^ of inforination will be 
detailed jn the patalogue. 
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IX. Caialofjiic of Destructive Earthquakes in the liussian Empire, 
By Musiikktoff and Orloff.' 

Abstracted by Mr. W. A. Taylor. 

In the original catalogue we find 2,574 entries. From these the 
following have been abstracted as representing earthquakes of sufficient 
intensity to have caused destruction. 

In many instances the dates for earthquakes which occurred in 
Chinese territory do not agree with those given by Omori, Hirota, and 
Parker. An alternative date is marked 0. For registers prepared by 
these three writers see vol. xxix. of the Reports of the Imperial Earth- 
quake Investigation Committee of Japan in Chinese idiographs. Reports 
of the British Association, 1908, p. 82, and 1909, p. 62. For Chinese 
lists we have also the ‘ Catalogue G6n6ral des Tremblements de Terre,' 
&o., presented to the Acad6mie des Sciences by Ed. Biot in 1839, and 
the recent work by the late Le R. P. Pierre Hoang (see * Variates 
Sinologiques, ' No. 28, published by the Mission Catholique, Shanghai, 
1909). Dates from the latter are marked H. In many instances the 
Chinese dates may not refer to the time of an earthquake, but to the 
time at which it was notified in Pekin or some other city. 

I = Earthquakes which have produced slight damage. 

11 = Earthquakes which have destroyed a few buildings. 

Ill = Earthquakes accompanied by widespread destruction, 

W.B. refers to dates according to the tables of W. Bramsen, ‘ Trans. 
Asiatic Society of Japan,* vol. xxxvii. Names of Provinces are in 
parentheses. Places of greatest destruction are in italics. 


A.D. 

341 

715 

775 

803 

809 

893 

894 


995 

1000 

Mar. 29. 

1045 

1091 

nil 

1114 

Mar. 12. 

1124 

1131 

1139 

1143 

April 

1166 

Oct. 26. 

for 14 months. 

1168 

1170 



Armenia. I 

Isnik-Membeji in Armenia, Constantinople. Ill 

Mozan and Daralagoz, Siyunik Prov. Ill 

Khogot Mountains. II 

Town of Bvin (Tovin) ? Ill 

Town of Dvin. Ill 

Environs of Erivan. Ill 

Greece, Thrace, Byzantine Province, Constantinople. II 

Armenia, Towns of Chapajar, Alhdkh and Amit III 

Throughout the known world. Ill 

Erzin^an^ Ami and Ekeghiaz Prov. Ill 

Edessa and Antioch, III 

Van in Armenia. II 

Samosata, Ghizn-Mansur, Khesun, Marasli, Kaben and Sis. 

Khorassan. Ill 

Ani in Armenia. II 

Ganja (Eli8avct}x>l), Kapassi-dagh. Ill 

Tangut country in Tibet. II 

Syria, between Aleppo and Malatieh. Ill 

Erzingan. Ill 
Kief. Ill 


III 


1 

1893. 


Memoita of the Imperial Busaian Oeographkdl Society, vol. xxvi., St. Petersburg, 
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A.D. 

1196 

May 3 

V 

or 4. 

1210 

Jan. 11. 

1230 

May 3. 

1268 

1283 


1287 

1308 

1319 

May. 

1348 

Jan. 25. 

1363 

1374 

Dec. 8. 

1378 

April 10. 

1440 

Oct. 26. 

1443 

1458 

June 5. 

J467 

June 9. 

1474 

Oct. 27. 

1474 

Dec. 11. 

1477 

Mar. 19. 

1477 

May 13. 

1478 

Aug. 

1481 

Mar. 10. 

1482 

1485 

May 26. 

1488 

Sept. 28. 

1494 

Mar. 24. 

1495 

1497 

April 10. 

1501 

Jan. 19 
to Feb. 4. 

1601 

Mar. 5 to 
April 2. 

1502 

Oct. 17. 

1506 

July 10. 

1505 

Oct. 16. 

1506 

April 26 
and 27. 

1506 

Aug. 28. 

1607 

Nov. 4 
to 6. 

1511 

Nov. 17. 

1512 

Oot. 7 
and 8. 

1515 

June 17 
to July 17. 

1617 

July 12. 


(1198 according to Likosten and Frigius). Poland, tho Erzgebirge 
and the greater part of Oermany. II 
Mshkavank in Armenia. 1 

Vladimir, Kief, Pereyaslavl, Novgorod and environs of Hostof, 
Suzdal and Vladimir. I 
Erzingan. Ill 
Mtsket in Caucasus, II 
Erzingan. II 
Karabagh in Caucasus. II 
Ararat I^v. and Ani in Armenia. Ill 

Hungary, Tyrol, S. Italy, Rome^ Veni'^e, Bfile, Carinthia, Poland 
and Germany. I 
Mush in Armenia. II 
Erzirigan. II 

Ninghsia, Shanhan (Kansu), China. II (Hoang, April 30) 

Fortress Chuanglang in Lan-ohou-fu, Shanhan (Kansu). II 
(Omori has Liang. There is a Lanchou-fu and a Lianchou in 
Kansu). (Chuanglang of Liangchoufr ). 

Bohemia, Silesia, Poland, Hungary. I 
Erzingan. Ill 

Hsuanhua-fu (Chi-Ii), Tatung-fu (Shansi), especially Peiyuan and 
Shochou. (W.B. Juno 27.) 

Hoching (Yunnan). II 
Lingchou (Shansi). II 

(Omori has an earthquake on November 24 and December 11 at 
Lingchou in Ninghsia-fu) (Kansu). 

Ling-tao in Kungchang-fu, Shanhan (Kansu). II 
Liang-chou-fu, Yulin-fu, I^n-chou-fu and Ninghsia-fu in Shanhan 
(Kansu), Yichou-fu (Shantung). II 
Fort. Yangching (Szc-chuan). II (O. Chentu). 

Nanking, Fengyang-fu, Huaian-fu, Yangchou-fu, Hochiu in Chang- 
nan (sic Kiangsu and Anhui 7), Yangehou-fu in Shantung and in 
Honan. I 
Erzingan. HI 

Tsunhuachou Shintian-fu (Chi-li). II 
Hanchou and Mouchou in Huangtai (Sze-chuan). II 
Chuching-fu (Yunnan). (Hoang, September 16.) Ill 
Ninghsia-fu in Shanhan (Kansu). Ill 

Chenting-fu (Chi-li), Ninghsia-fu, Yulin-fu, Chenfan-hsien, Linchou 
in Shanhan (Kansu), Taiyuan-fu, Tungmo (Shansi). I 
Repeated shocks in various parts of Shanhan (Kansu and Shensi), 
(Honan) and (Shansi). Chaoyi-hsien (Shensi). II 

Puchou-fu (Shansi). I 

Nanking, Hsuchou-fu in Chang-nan (Kiang-su), Taming-fu, Shunto- 
fu (Chi-li), Chinan-fu, Tunchang-fu, Yenchou-fu, Puchou 
(Shantung). Ill 

Ninghsia-fu in Shanhan (Kansu). II 

Nai^ng, Puchou-fu, Anyi and Wanchuan (Shansi). II (0. Octo- 
ber 9, 10 and 16.) 

Yunnan-fu and Mumihuan (Yunnan). II 
Fortress Aoshanwei, Laichou-fu (Shantung). II 

Yunnan-fu, Anchou, Hsinhsingchou (Yunnan). II 
Tali-fu (Yunnan), Hoching and Ghitnchwin. II 

Fortress Tengchungwei (Yunnan). II 

Fortress Yungningwei (Yunnan). Ill 
Hsinhsing-ohou, Tunghai, Hosi, Hsio (Yunnan). Ill 
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A.D. 

1520 Aug. 18. Fortress Ghingtuwei (Yunnan). II 

1523 Jan. Fenyang-fu in Ghangnan (Kiangsu), (Shantung), (Honan) and 
Shanhan (Kansu). 1 

1523 Aug. 14. Fortress Tinghaiwei (Chekiang). II 

1526 May 21. Tengohung (Yunnan), Annanwei (Kweiohou). I 

1555 Jan. 23. (Shansi), Slmnhan (Kansu) and (Honan), Huaohcmt Weinan-Jisien, 

Chao-i’haien, Sanyuan-hskn and Puchou fu (Shansi). (Hoang, 
1556, January 23.) Ill 

1556 April 1. (Shansi). Ill 

1558 Nov. 24. Huachou (Shansi). II 

1561 Feb. 21. Fortress Shantanwei (Kansu). II 

1561 June 5. Taiyuan-fu, Tatung-fu (Shansi), Yulin-fu, NingJutia-fu, Kuyuan 

in Shanhan (Shensi and Kansu). (Hoang. August 4.) HI 

1562 Ninghsia-fu in Shanhan (Kansu). II 

1568 April 1. Chingyang-fu, Huan-fu, Hangchung-fu, Ninghsia-fu in Shanhan 
(Kansu and Shensi), Anyi and Puchou-fu (Shansi), Yunyang in 
Huhuan (Hupeh) and (Honan). I 

1568 May 2. Fenghsiang-fu, Hsian-fu, Pingling-fu and Chingyang-fu in Shanhan 
(Shensi and Kansu). JI 
1574 Mar. 10. Chang ting (Fou-kicn). II 

1577 Mar 12 

and 17. Tcngyuehting (Yunnan). Ill 
1580 Sept. 5. Chingfmg-lu (Chi-li). II 

1584 Juno 17. Erzingan. Ill 

1590 June 27. Lingtao (Kansu). (0. July 7.) II 

1591 Nov. 11. Shantanwei (Chi-li). H 

1596 Nizhni-Novgorod. Ill 

1598 Amasia and Chorum. Ill 

1603 May 20. Chunghsien-hsion in Chontiang-fu (present Anlu-fu in Hupeh). 

(0. and H. May 30.) 11 

1604 Oct. 15. Kungchang-fu and Litsuan-hsien in Shanhan (Kansu). (O. and II. 

October 25.) II 

1605 July 3. Luchuan (Kwangsi). (0. July 14.) II 

1609 July 2. (Kansu), especially Kunei and Tsingsliui, (O. July 13.) Ill 

1612 May 24. Tali-fu and Chuching-fu and Wuting (Yunnan). (0. July 2, 

H. Juno 3.) Ill 

1615 Feb. 19. Yanchou-fu in Changnan (Kiangsu). (0. March 1.) II 
1620 Feb. 24. In Yunnan, ("haoching-fu, Huichou-fu (Kwantung), Chingchou-fu, 
Chengtan-fu (Hupei). (O. March 5.) I 

1622 Mar. 8. Chinan-fu and Tungchang-fu (Shantung). (O. March 18.) Ill 
1622 Oct. 15. Pingliang-hsien and Lungte-hsien (Kansu). (O. October 25). Ill 
1624 July 7. Paoting-fu (Chi-li). (O. July 20.) II 

1626 Juno 18. Pekin, Chinan-fu, Tungchang-fu (Shantung), Honan-fu (Honan), 

Tiantsin-fu, Hsuanhua-fu (Chi-li), Tatung-fu (Shansi). (O. 
Juno 28.) Ill 

1627 Jan. 6. Ninghsia-fu in Shanhan (Kansu). II 
1627 Feb. 6 

to Mar. 8. Ninghsia-fu. Ill 

1631 July 11. I.ingtao-fu and Kungchang in Shanhan (Kansu). (0. July 22.) Ill 
1641 Feb. 5. Tabriz in Persia, and environs. HI 
1648 April 2. Town of Van, Anncnia. HI 
1667 Shemakha in Caucasus. HI 

1669 Jan. Shemakha and Lacha, Caucasus. Ill 

(Perhaps the same as 1667.) 

1670 Shemakha. H 

1670 Deo. 22 

and 23. Shemakha. Ill 

1670 Jan. 22. Shemakha. 11 

1671 Aug. 8. Shemakha. II 

1679 June 4 

to 12. Erivan and neighbourhood as far as Ararat, (v. Hoff, 1680.) Ill 
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A.D. 

108<' Various parts of Europo and Asia, especially Italy and roland. 1 

1700 Juno or 

July Nerchinsk in Siberia. I 

1716 Dzungaria,Baikal and Zaisan,^ lesu on southern flank of Tian-shan. Ill 

1718 Juno 8. Singansan or Sinsusu (cap. of Shansi?) and in Tongwei and Tin- 

^ miuchin (Si-ngan, cap. of Shensi?) (June 10, Chinan, in Chanchou, 

Tungwei, Kungchang-fu (Kansu) H.) II 

1719 July. Northern China. Ill 

1720 June 11. Pekin. (O. West of Pekin.) II 

1724 May 31. Pekin and many parts of (Shansi). Ill 

1725 Jan. 21. Chita in Transbaikalia and west to B. Selunga. I 

1731 Nov. 19. Pekin and neighbourhood. Ill 

1737 Oct. 6. Around Avacha in Kamchatka and Kuriles. Ill N.E. 4^ X 1^.5. 
1737 Sept. 23 
and 

Oct. 23. (Perhaps identical with preceding). Nizhno-Kamchatka fort. 11 
1737 Dec, 6. Kamchatka and the Kuriles. II 
1742 Peb. 7. Bering Island. II 

1742 June 16. Irkutsk. I 

1742 June 16. Bering Island. Ill 

1765 Nov. 1. The Lisbon Earthquake. HI 
1756 Kamchatka. Ill 

1758 Dec. 7. Russian Lapland, Kola town. II 

1761 Dec. 9. Kolyvan factory and Ubinskaya fort and Chagirskaya fort, W. 

Siberia. I 

Province Pasin (Bassen) Armenia. II 
1769 Oci, 24. Irkutsk and Sclenginsk. 1 
1772 Feb. 18. 7 o^vn of Kola, Russian Lapland. I 
1772 Dec. 5. Irkutsk, Selenginsk and Kiakhta. I 
1776 Dec. 9. Barguzin fort, Transbaikalia. I 
1779 Aug. 1. Irkutsk, Balagansk, Sclenginsk. I 

1783 The Calabrian Earthquake, shocks felt this year also in parts of 

Asia, especially the Altai. 

1784 early in 

August Erivan, Armenia extending to Erzerum, Mush and Qytghi, 111 
1786 Feb. 27. Upper Silesia, Bohemia, Hungary and Poland. I 
1788 July 22. Aleutian Islands in Unga. Ill 
1788 in Spring. Prov. of Balu (Palu?). Ill 

1790 April 6. S. Russia, Galicia, Transylvania, the Bannat and Rumania, and felt 

as far as Constantinople. Ill 

1791 April 15. Nizhne-Kamchatsk. II 

1792 Aug. 23. Pctropavlovsk, Nizhnc-Kamchatsk, Paratunka and all east coast 

of Kamchatka. II. N.N.E. 4® x 1®. 

1798 May 23. Perm, Kungur and villages of Perm, Kungur, Oca and Verkhoturyo 
• districts. 1 

1802 Oct. 26. From Ithaca and Constantinople to St. Petersburg and Moscow, 
especially in lYallachia, Moldavia and the south of Transylvania, 
III 

1802 Aleutian Islands. II 

1803 Jan. 8. Bclostok, Grodno Government. 1 

1803 Oct. 29. Tiflis. I 

1804 Oct. 11. Tiflis. I 

1806 April 22. Irkutsk. I 

1806 Aug. 8. Krasnoyarsk. HI 

1809 Mar. 10. Viatka and district. I 

1814 Sept. 3. Irkutsk, Tunkinah fort and surrounding villages. Ill 

1814 Dec. 17. Irkutsk and felt as far as Troitskosavsk, 345 miles distant. 1 
1817 April. Chang-li (Sze>chuan). HI 

1819 Jan. 29. Tiflis. I 

1820 Mar. 7. Irkutsk and around the Turanah frontier post. I 

1821 Nov. 17. Almost all the south of Russia, especially in Jaaay in Rumania, 

Pubossari, Nikolaicf, Olviopol, Ochakof. 1 
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A.D. 

1827 May. Kiiensk in Irkutsk Government and in Potropavlovsk village, 
53 miles from Kironsk. 1 

1827 Oct. 21 

to 23. Tiilis and Stavropol, Caucasus. I 
1827 Nov. 16. Santa F6 do Bogota followed by earthquake in Okhotsk on the 
17th. I 

1827 June. . Commander Islands. Ill 

1828 Aug. 7 

to 14. Old Shemakha, Shusha and many villages in the Caucasus. Ill 

1828 Mar. 7 

to 19. Irkutsk, Troitskosavsk, Kiakhta, Turansk frontier post. Ill 

1829 Nov. 26. Bukharest in Wallachia (Centre), WaUachia, Moldavia and Bes- 

sardbia, and felt over all S.W. Bussia, Galizia, Bukovina and 
Transylvania. Ill 

1829 Nov. 31. Barnaul and Suzun smelting- works. I 

1830 Mar. 9. Tifiia, Oeorgief district, Kizlar, Mozduk, Ekaterinodar, Andreiel 

village, Tarka. Ill 

1830 June 25. Vnezapnaya, Caucasus. II 

1830 June 26 Huaiching-fu (Honan) and jmrts of (Chi-li), south of Pekin. (H. 

and 27. Juno 12-13.) Ill 
1830 Dec. 4. Anapa and Taman Peninsula. I 

1830 Dec. 26. 230 miles from Pekin, perhaps identical Avith Juno 26. Ill 

1831 May 19. Turkinsk mineral springs, near Lake Baikal. I 

1832 Jan. 22. Bokhara, Kokand, Badakshan and Upper Oxus. Ill 

1834 Feb. Anapa, Bugaz and shore of Abkhasia. 1 

1834 July 10 Changte-fu (Honan), especially in the district of Wungang, west- 

to 22. wards to (Shansi), northwards to (Chi-li) and oast to (Shantung). 
(O. Juno 28-July 19.) Ill 

1835 April 21. Bessarabia and Bukharest. I 
1835 July 20. Ijemborg. I 

1835 April 14. Pribylof Islands. HI 

1838 Jan. 23. S.W. Russia, Wallachia, Moldavia, Transylvania, Hungary and 

Balkan Peninsula. HI 

1839 June 28 

and 29. Village Fedorovka, Saratof Government. II 

1839 Aug. 18. Irkutsk and along the Selenga R. HI 

1840 July 2. In the departments of Surmala, Sharur and Nakhichevan in the 

Talyshef Khanate and the Ordubat district. HI 
1840 July 6-8. Ararat, Sharur and Nakhichevan districts. HI 
1840 July 27. Ararat ami Sharur. HI 

1840 Dec. 7. Sharur and Nakhichevan. II 

1841 May 18. Village Kevragh, also in Nakhichevan. II 

1841 May 18. Pctropavlovsk and Ostrovnoe. H 

1841 Sept. 22. Nakhichevan and neighbourhood. I 

1841 Doc. 25. Anapa, Nikolaievak and Vitaz. I 

1842 Jan. 2. Baku and neighbouring villages. HI 

1843 Oct. 2. Bbssarabia, Baltain Podolia, Soroki in Bessarabia and Odessa. I 

1845 May 24. Akhaltsyk and district. II 

1846 Jan. 11. Nakhichevan. I 

1846 April 23. Javarisi, Kutais Government. II 

1846 Aug. 18. IrkvAek and Kirensk. 1 

1847 May 15 Kushva, Verkhnaturye, Nizhneturye and Bisert mines and Avorka 

or 16. in the Urals. I 

1848 Sept. 22 

to 25. Shemakha. I 

1849 Jan. 29. Ishim in Tobolsk Government. I 

1851 April 13. Nakhichevan district in Erivan Government. I 

1851 Nov. 28, Okhotsk Dept, along coast of the sea of Okhotsk from the Taui to 

the Tuman post, 470 miles. H N.E. 3® x 1®.6. 

1852 June. (Kansu), China. Ill 

1852 July 24. Erzerum. Ill 
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1863 Jan. 18. Demijan monastery and village of Chubukhly, Tiflis district and 

c Sevanga Island. II 

1853 April 14. Shanghai; village 30 niiles from Shanghai completely ruined. II 
1856 July 11. Shemakha. Ill 

1866 Aug. 14 Southern part of (Chi-li), China ; Yvching^ 20 miles from Pekin 
to 17. destroyed. Ill 

1867 Dec. 24. Semipalatinsk Province and Tomsk Government, especially Kok- 

pektinsk and Ust-Kamennogorsk. I 

1869 June 2. Erzerum and neighbourhood, especially in the mountains Palenjukan 

and Yarlydagh III 

1869 June 12 

and 13. Shemakha. Ill 

1869 Juno 26. Shemakha and Erzerum. I 

1859 July 13. Tiflis and Erzerum. 1 

1860 Nov. 4. Belli Kliuch, Caucasus. 1 

1861 Feb. 16. Sunday Islands. II 

1861 Feb. 22. Copper Island, Bering Sea. I 
1861 Mar. 6. Shemakha. I 

1861 Deo. 17. Alkan-zhurt? and Samosha stations in the Caucasus. I 

1862 Jan. 12 Irkutsk, Selenginsk, Vorknoudinsk, Chita, Petrovsk, Nikolaievsk, 
to 31. Upper and Lower Angora Districts. E.S.E. 9®.6 X 7®. II 

1862 April 28. Selenginsk. I 

1862 Dec. 19. Lenkoran, Shemakha and Shusha. 1 

1862 Nov. 29. Shemakha. I 

1864 Jan. 3. Environs of Ardebela, Persia. Also felt at Lenkoran, Karabagh 

and Shirvan. Ill 

1864 Jan. Hankow, China. Ill 

1865 Mar. 22. Merke in Turkestan Province. I 

1865 May 22. Selenginsk, Irkutsk, Verkbnoudinsk. I 

1865 May 27. Poretskoe, Simbir Government. II 

1865, Sept. Around the Taishan Mountain (in Shan-Tung), China. HI 

1866 Mar. 8. Vorbnoudinsk and Irkutsk. I 

1866 Aug. 25 

or Sept. 6. Petropavlovsk and Lyersny. I. II 

1866 Nov. 4. Soroki, Bessarabia. I 

1867 May 6. Pekin. I 

1867 May 7 

and 8. Selenginsk. I 

1867 July 23. Tclaf, Shemakha, Mukhravan, Zumabad and Eliza vetpol. I 

1868 Feb. 4. Tashkent. II 

1868 Feb. 18. Akhalkalaki, Kvirila, Toporovan, L, and Ardahan in Kars Pro- 
vince. I 

1868 Feb. 25. Erzerum, Alexandropol, Akhalkalaki. II 

1868 Mar. 18. Telaf, Delizhan, Shusha, Jebrail, Zakatali, Shemakha. Belasuvar. 
Chatakh. I 

1868 Mar. 21. Grozny and Oorachevodsk station. 1 
1868 April 4. Tashkent. II 

1868 April 11. Kars and Nizhni-Pasin, Erzerum, Tiflis. II 

1868 June 30. Tsogonoi village, Tersk Province. II 

1869 Deo. 10. Khojent. I 

1869 Sept. 2. Shemakha and the Kuban district over 2,200 square miles. Most 
vi< ' bin Sundi, 12 miles from Shemakha. Ill 
1869 Nov. 1. Vallt^ _ j the Barguzin river. Lake Baikal. I 

1869 Deo. 26. Tiflis, Alexandropol, especially villages Malye, Jamzhili and Jan- 

shtan. Ill 

1870 April 11 

to 21. Batang (Sze>ohuan), China. Ill 

1870 July 7 

and 8. Eastern shore of Black Sea. I 

1871 Mar. 4. Irkutsk Government and Transbaikal Pi-ovinco and North Mon- 

golia. I 
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1871 Deo. 11. Gulija, 56 miles west of Eri van, and in tho Echmiadzin district. II 

1872 Jan. 28 • 

to Feb. 19. Shemakha and neighbourhood. Ill 

1873 Oct 15. Monastery Kopcnkovat, Uman District, Kief Government II 

1874 Aug. 24. Nazran fortress, 16 miles from Vladikavkaz. I 

1875 July 25. Sebastopol and neighbourhood. 1 

1875 Aug. 7. Shemaldia and its district III - 

1875 Aug. 17. Grubesheva, Lemberg Government. I 

1877 Aug. 8. Oni and Utseri on Kiver Bion. I 

1878 Mar. 28. Bakhti fort in Scrgiopol district 1 

1878 Mar. 31. Gorachevodsk convict settlement in the Caucasus. 11 

1878 May 4. Village Ullu-gatam in S. Daghestan. II 

1878 July 16 Fort Kishan-aukh, Teisk Province and neighbourhood. I 

1879 Jan. 8 Ala^hix, Tersk Province. I 

1879 Mar. 22. Ardebela, vUlagos on S. and S.W. foot' of Savalan mountain, Armu* 
dagh and other x^laces on road from Teheran to Tabriz. Ill 
1879 Juno 29. Dep. (Kuangsu), China. Ill 

1879 Oct. 9. Varenska, Gostagaievska, Troitzkaya and Kurgan stations in Trans- 
kuban Province. 1 

1879 Oct 28. S. Hungary and felt in Transylvania, Scrvia, Rumania and 

) Bessarabia. Ill 

1880 Oct. 22. Shemakha. 1 

1880 Deo. 2. Ferny, extending to Kurumdof and Karakul I 

1880 Dec. 25. Odessa and felt in Bessarabia and Rumania. 1 

1881 Jan. 31. Petrovsk, Transbaikalia. I 

1881 May 30. Van, village of Tegvi and environs. HI 

1882 July 19. Temir-khan-Shura, Caucasus. I 

1883 May 3. Tabriz and most of Azerbaijan. I 
1883 Nov. 3. Karakoyunli, 30 miles from Erivan. II 
1883 Nov. 14. Tashkent and Osh in Fergana. 1 

1883 Nov. 18 

to 24. Sultanabad, 20 miles from Osh, and Osh. II 

1884 Jan. 26. Tali-fu (Yunnan). II 

1884 Deo. 19. Shusha. 1 

1885 Jan. 12. Villages Kabansk and Barguzinsk, east of Lake Baikal 1 
1885 Middle 

of May. Village of Sikukli, N.W. of Dorbent 11 
1885 Middle of 

June. Village Shishkina, 33 miles from Orenburg. II 
1885 Aug. 3. Sukuluk, Belovodsk and Karabalti and extending to Tashkent, to 
Verny and to Hi. Ill 

1885 Oct. 9 

to 25. Tokmak district, Semreachie. 1 

1886 Jan. 4. Chembar, Penza Government. 1 

1886 Juno 27. Shemakhcu 1 

1886 Nov. 8. Tokmak and Verny. I 

1886 Nov. 29. Tashkent. 11 

1887 Jan. 14. Semipalatinsk, Usk-Kamennogorsk, Altai district and Biisk dis- 

trict. I 

1887 June 9 Verny, Sophiisk, Kopal, Gabrilovka, Aksu, Karakul (Przhevalski), 
to 28, valley ot the 111 HI 
1887 July 16. Batum, Ozurgeti and I 

1887 Sept. 9. Russian Turiustan, Verny. 11 

1888 April In (Yunnan), especially the towns Chenshui and Peiyuang^ 

ting. 111 

1888 May 15. Russia, Erivan. 1 

1888 Sept. 16, Russian Turkistan, Verny and Pishek. I 

1888 Sept. 22. Ardahan, Okan, &o. 11 

1888 Sept. 23. Transcaucasia, Batum. 1 

1888 Sept. 23 

to 26. Kan and other places in the Kan Province, II 
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18{t8 Nov. 28. Tashkent, Khojnnt and places cast of Tashkent. 
1888 Nov. 29. Vcrny and KopaL I 
1888 Doc. 3. Vemy. I 


A List of Destruclivc Earihquahes in Iceland.^ 

Abstracted by C. A. Goscii, Esq., from ‘ Landskjdlftar d Islandi,* 
by Thorvald Thoroddsen, Copenhagen, 1899-1905. 

The work from which the following abstract has been made was 
issued by the Icelandic Literary Society in two parts, of which the first, 
pp. 1-200, was published in 1899; the second, pp. 261-266, in 1905. 

The relative * destructivity ’ is indicated by the numerals I, 11, and 
III, see p. 57. 

Earthquakes in Iceland appear to be closely connected with local 
volcanic activity, and it is therefore convenient to group them accord- 
ing to the volcanic areas in which they originate, as Mr. Thoroddsen 
has done. Occasionally, however, an earthquake extends from one area 
to another, so that by this arrangement the same seismic disturb- 
ance may have to be mentioned in more than one list. The prin- 
cipal earthquajje area in Iceland is that of the Sudurland, the southern 
part of the island, and particularly the Sudurland underland, ^ whicli 
means the lowlands in that part of Iceland. This district lies between 
tliB central plateau and the south constf and Is bounded to the east by the 
mountains about the Myrdals jdkull, near the southernmost point of 
the island ; and to the west by a ridge, which on the western side slopes 
down to the Faxa Bay (Paxa fl6i or Eaxa fjbrdr). It is an alluvial 
plain, which fills up a prehistoric bay of the sea, in which isolated 
rocks and mountains represent ancient islands. The extent is given 
by Mr. Thoroddsen as ‘ 70 sq. miliir,' or about 1,300 English square 
miles. The principal seat of volcanic activity here is Hekla, at the 
north-east corner of the district. The localities mentioned in Mr. 
Thoroddsen *s list of earthquakes in the Sudurland are situated partly 
in Arnessysla, partly in Eangarsysla; ‘ sysla ’ being the appellation for 
certain administrative divisions. Arnessysla is the westernmost, the 
furthest from Hekla, and comprises the following subdivisions frequently 
mentioned — ^viz., Olfus, the westernmost, west of the river Olfusd, 
next Fl6i between the sea and the lower courses of Olfusd and Thjorsd; 
to the north of these, inland, are Grimsnes Tliingvallasveit, Bishops- 
tungur, Skeid, and, finally, reaching up to the edge of the highland 
ice, the so-called Hreppar— viz., Eystrihreppur or Gnupverjahreppur 
and Hrunamannahreppur or Ytrihreppur. The river Thjorsd divides 


1 A second abstract of this work has been received from the Hon. S Allan John- 
stone, British Minister in Denmark. Although in both cases these registers represent 
the selection by mdependent workers of earthquakes which were destructive, the one 
confirms the other. ’ 


* Thoroddsen’s paper the names are mostly given in the Dative case. 

abstract they are treated as would bo English names 
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Afile^Sysla from liangarsysla, wliich comprises the districts of Holt, 
Land or Laiidsveit, Itangarvellir — the nortliern extremities of the two 
latter embracing tlio foot of Hekla — further to the east Hvolhreppur 
and Fliotshlid; finally, on the sea coast, J^andeyjar and Eyafjallasveit. 

The earthquake area of the Faxafldi lies on the west coast of 
Iceland, and comprises the districts bordering on that bay with the 
peninsula which forms the south-west corner of the island, terminat- 
ing in Eeykjanes, near which, in the sea, is the principal seat of volcanic 
action here. In this area are B6rgarfj6rdr, Eeykjavik and Krisuvik in 
Guldbringasysla, which borders on 6lfus in Amessysla. 

The earthquake area of the Nordurland or North Country, com- 
prises the whole northern coast of Iceland from Hunafldi eastwards, 
and the centre of volcanic action here is the Myvatnsveit, the district 
round the lake of Myvatn, where a number of craters exist. 

The north-west part of Iceland, which forms a peninsula con- 
nected with the main island by a narrow neck, is rarely visited by 
earthquakes, at least noteworthy ones, and the same is the case with 
the east coast. Nor are many earthquakes recorded from the central 
part of the island or from the vast icebound, volcanic complex of 
mountains called the Vatna Jokull, which fills up the south-east comer 
of Iceland. The absence of more numerous records may, however, 
be due to the desolate almost inaccessible character of the region. 

^ A List of Dcsirudivi Earthquakes in the Svdurland. 

1013 'Great earthquakes.* No date or particular locality is indicated. 11 
1151 No direct mention of an earthquake, but only that houses were destroyed 
and people killed in connection with an eruption of a volcano in the interior, 
thoTrolladyngjur, literally the habitations of the gnomes, a name applied to 
several mountains in Iceland. No particular locality or date is given. JI 
1157 Earthquake in connection with eruption of Hekla, January 19. 11 

1164 Earthquake in Orimsnes ; no date given. II 

1182 Earthquake; no date or locality indicated. II 

1211 Great earthquake, July 7 ; the locality is not particularly indicated, but it is 
stated that on the day before there had been an eruption in the sea south of 
Reykjanes, resulting in the formation of some new ‘ Eldcyjar * or Fire 
Islands. A group of islands of that name is still in existence. II 
1240 Great earthquake throughout the south country ; eruption off Reykjanes. 
No date. I 

1294 Great and widespread earthquake in Fliotshlid and Rangarvellir ,* connected 
with an eruption of Hekla. No date is given. Ill 
1300 Several earthquakes about Christmas time through the south countiy, con- 
temporaneously with an eruption of Hekla, which commenced July 10 and 
lasted nearly 12 months. II 

1308 Great earthquake throughout the South Country. No date. II 

1311 Earthquake in the night between January 10 and 11. No particular locality 

indicated, but it is stated that on January 25 there was an eruption in 
the Austurjokulls. I 

1339 Severe earthquake throughout the South Country, May 22. It was felt 
mostly in Skeid, FI51 and Holt. HI 
1370 Earthquake in the South Country about Olfus. No date. II 
.389-90 Earthquake in the South Country ; no particular place or date mentioned. 

There were eruptions from Hekla, Trolladyugjar and Sidu Jokull. II 
391 A great earthquake throughout the South Country, particularly in Griinsnes, 
Clfus, and F16i. HI 

510 Earthquake at Skalholt, about 20 miles west of Hekla, in connection with 
an eruption of the volcano on July 26, 1 
1010 . 


F 
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1546 iDal'thqilake ai the end of May, mostly in Olfus. II 

156g Earthquake shocks at Candlemas eve (March 2) ; no locality mentioned. I 

1554 Severe earthquakes which lasted through half a month, so that people had to 
live in tents. No particular locality mentioned, but it is BtaM that at the 
same time an eruption of Hekla was going on, which lasted six weeks. The 
date is given as between Orossmass (the Festival of the Invention of the 
Cross, May 3) and * fardag,’ which means the last four days of May. I 
1678 Earthquake in Olfus in the evening of All Saints’ Day (November 1 ), supposed 
to be caused by an eruption of Hekla, which was going on during that 
autumn. II 

1581 Great earthquake in the month of May (between Crossmass and fardag), 
particularly in Rangarvellir and Hvolhreppr. Ill 
1584 ‘ Great earthquake in Iceland, but it is not known in what part it happened ; 

most probably, however, in the South Country.' II 
1597 Several severe shocks of earthquake at Skalholt on January 3, in connection 
with an eruption of Hekla. In the same spring, after the eruption of 
Hekla, there was a destructive earthquake in Olfus II 
1613 An earthquake in the South Country, particularly sew re in Skeid. 11 
1619 Earthquakes after midsummer, also eruption of Hekla ; no particular date or 
locality mentioned. I 

1624 Continual earthquakes all through November, particularly in Floi. II 
1630 Three earthquakes during the winter, one on February 21, throughout the 
South Countiy. Damage done at Skalholt, &c. II 
1638 An earthquake in the South, did damage at Olfus ; no date given. IJ 
1657 Great earthquakes in the South and in the West, mostly in Floi and in 
niotshlid, where damage was done, March 16. Ill 
1671 Great earthquake in the summer in Grimsnes and Olfus. Ill 
1693 Strong earthquakes all over the Sudurlandunderland, which were also felt at 
sea, connected with am eruption of Hekla which commenced Februaiy 13. I 
1706 In the course of the winter there were several earthquakes — ^viz., two in the 
evening of January 28, one in March, one on April 1, and the most severe 
on April 20 in the morning which wrought great destruction in Olfus. It 
was also felt in M6i and even, though weaker, in the Faxafl6i area. Ill 

1724 Earthquakes in the month of August, mostly in Arnessysla. This disturbance 

reached Krisuvik in the Faxahdi area and was felt strongly at Boykjanes 
Skaga. II 

1725 Between April 1 and 2 there were terrible earthquakes in Ames- and Rangar- 

sysla. In the same morning fire burst out of the ground round Hekla. Ill 
1720 Earthquakes late in the summer in Rangarvellir. In the winter there had 
been an eruption in the Eastern Jokulls. II 
1732 Severe earthquake on Sept. 7 in Rangarvellir and Eystrihreppr ; the people 
took to living in tents, as the shocks continued for nearly half a month. II 
1734 On March 21 a severe earthquake occ\irred in Amessysln, particularly in Floi. 
1749 A severe earthquake in the Sudurland, particularly in Olfus ; it was felt also 

in Borgarjordr and elsewhere in the Faxafloi area. H 
1752 Earthquakes occurred during the winter in Olfus. II 
17CG Many earthquakes in the country round Hekla during an eruption which 
commenced April 5. The shocks were felt particularly to the south-west 
of the volcano and were destructive in Arnessysla, particularly in Olfus, on 
September 9 and 10. They spread west to the Faxafl6i area (Reykjanes) 
and south to the Vestmanna Islands oil the coast. Two to four i^ocks 
were generally experienced every twenty-four hours. Ill 
1784 On August 14 and 16 there were severe earthquakes aU over the Sudurland, 

* the worst that had happened in Iceland since the land became inhabited.’ 
They were strongest in Arnessysla and Rangarsysla, particularly the 
former, but were felt all over the south, and spread not only to the Faxa- 
66i area (Snscfell), but even to Isafjor^ in the extreme north-west of 
Iceland. 

The Vestmanna islands also were severely shaken, and shocks were felt 
even in Skaptafellsysla, cast of Rangarsysla towards the Vatna JokviU* 
The seismic disturbance lasted till Christmas. Ill 
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1780 Severe earthquakes all over the south-west country, principally in Amcssysla. 

They commenced on June 10, and for a week after there was hardly any 
quiet time night or day; there were scarcely ten minutes between the 
^ocks, and some were felt afterwards during the summer. Ill 
1797 Earthqui^e shocks ooeurred o#September 19 in Hvolhreppr. I 
1790 Earthquake shocks were noticed in the morning of March 31 and the following 
day in Elibtshlid and Lande^^'ar. 1 

1808 An earthquake worth mentioning occurred. No date or locality given. I 

1810 A strong earthquake was noticed cast of Hekla, and also southwards, 

OctoMr 21. I 

1828 Severe earthquake in Elidtshlid and Landeyjar. No date given. II 

1829 On February 21 and in the night following there were earthquakes all over 

Sudurland. I 

1838 Juno 12 in the morning early a notable earthquake occurred at Eyrirbakki, 
in F16i, which was also felt in the Nordurlafid between Hunafloi and 
Skjalfandi ; at least there was an earthquake there on the same day. II 
In the south the shocks continued to June 17. 11 
1845-7 Weak earthquake shocks occurred in the country round Hekla during an 
eruption which lasted from September 2, 1845, to April 6, 1846. They 
reached almost 28 English miles south-west (d the volcano, but only 
9-14 miles north-east of the mountain. Shocks were noticed in various 
places in the district, especially from October 4 to 13, 1845, January 11 
to 18, March 5 and April 4, 1846, After the eruption had ceased, shocks 
were observed in this district on April 18, May 3 and 8, June 5, Novem- 
ber 26, 1846, and January 7, March 2 and 3, 1847. The shocks on May 3, 
1845, were felt also in the Faxafl6i area, at Krisuvik and Keykjavik, 
where shocks were felt also on May 4, August 31, 1846, and February 15, 
1847. During the eruption some shocks were felt in the Nordurlandar, 
and sharp shocks were felt during April and May 1847 at Grimsoy, an 
island north of Iceland, just under the Arctic circle. I 
1868 Earthquakes in the Sudurland, November 1 and during the week following. 

This disturbance originated in the Faxailoi and is mentioned on the list 
for that area. 

1878 Earthquakes, February 27, in the whole of the south-west of Iceland, 
particularly in Land, RangarveUir, the Hreppar, Fliotshlid, and the 
Vestmanna islands, but were not felt in all places at the same hour. At 
the same time there was an eruption of flames, in the lava fields north of 
the Krakutind, to the north of Hekla. I 

1887 October 28. Earthquake at Eyrarbakki in Floi, where the disturbance 
lasted 10 seconds, and the direction was from north-north-west to south- 
south-east ; at Kirkjubss in RangarveUir, where the direction was from 
north-west to south-east ; also in Flidtshlid, Landeyjar, and Holt. This 
earthquake distended to the Faxafl6i area. II 
1889 Earthquake shocks at RangarveUir on AprU 19, the direction being from 
east-south-east, and at Eyrarbakki in Floi, April 30, where the first 
shock lasted three seconds, but the principal one, a full second, the direc- 
tion being from east-south-east to west-north-west. I 
1896 August 26 and 27, and again September 5 and 6, more or less severe earth- 
quakes occurred in all parts of the Sudurland and on the Vestmanna islands. 
Several districts were shaken again on September 10. Ill 
These earthquakes were felt at several distant localities such as Hornafjord 
on the south-east coast, though not, as it appears, in the Skaptafellsysla, 
between the Sudurland underland and Hojmafjord. They were felt at 
Reykjavik (August 26 and 27 and September 5), Borgarfjordr and else- 
where in the Faxafl6i area, and on the north-west coast of Iceland even 
at Isaf jordr in the extreme north-west. Ill 
1899 The extensive earthquake in the Nordurland after New Year was felt in the 
Sudurland, particularly at Eyrarbakki (F16i) on Februaiy 27. I 
The disturbances on the Sudurland in 1887, 1889, and 1899 are not mentioned 
by Mr. Thoroddsen on his list of earthquakes there ; but in the list of earth- 
quakes in the Faxafldi. 

f2 
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REPORTS ON THE STATE OP SCIENCE. 


A Lid of destrw'the earthquakes about the Faxaft’fi, 

There are no old records of earthquakes in this area available. 

Earthquake at Reykjancs Skaga. No date.^ I 

The great earthquake which devastated Ariiessysla in the month of A])ril 
would seem to have been felt, though faintly, near the Faxalloi, as it is 
ineiitioncd in Mr. Thoroddsen’s list of earthquakes in that district, but 
all the details mentioned by him there refer to localities in Arnessyshi. I 

The earthquake in Arnessysla in August was felt at Reykjavik, 

Earthquake at Krisuvik. No date indicated. I 

January 18 and 21, shocks at Reykjavik. II 

September 20, earthquake shocks occurred at Reykjavik ; the direction was 
south-west to north-east. 

In the middle of June and between December 30 and 31 weaker shocks were 
noticed, having the same direction. I 

Earthquake in Reykjavik on February 16. I 

Frequent and strong shocks occurred in the beginning of November at Reyk- 
javik and Borgarf jdrdr. They were also noticed in the Sudurland, Novem* 
berlto7. *11 

The earthquake in the Sudurland, Februaiy 27, was felt at Reykjavik ; there 
were three shocks. 

Strong earthquakes at the end of May at Reykjancs Skaga and Krisuvik. 
At the same time there was an eruption in the sea off Reykjancs, near the 
(leirfuglaskeri, the last breeding-place of the Great Auk. 

The earthquake in the Sudurland, October 28, was felt at Reykjavik ; there 
wei*e two not very strong shocks. I 

October 13, strong shocks were felt at Reykjavik and other places round tho 
Faxafloi. These were scarcely felt in the Sudurland, which had suffered 
from an earthquake earlier in the spring. 

Tho great earthquakes in the Sudurland in August and September were felt 
at Reykjavik, Borgarjordr and elsewhere round tho Faxafloi. I 

The extensive seismic disturbance in the Nordurland after New Year was 
also felt round the Faxafloi, particularly at Reykjavik, February 27. I 

Several earthquakes in the Sudurland at various times were felt about the 
Faxafloi, but were not destructive. 


A List of deslruzthe earthquakes in the Nordurland. 

As regards this area, too, early records of earthquakes arc almost absent. 

A great earthquake in the North, at Flatey, an island in the bay called Skjal- 
fandi. No date. II 

Constant earthquakes continued night and day from harvest time to Christ- 
mas. Damage was done at Thingcyjarthing. 

Earthquake, May 17, in Myvatnsvcit i i connection with a series of volcanic 
eruptions in that district which lasted to 1730, during which time earth- 
quakes were frequent. 

Earthquake in Myvatnsvoit in connection with tho first eruption of the 
volcano Leirhnukur, on January 11, and again April 19, in connection 
with tho eruption of Bjarnaflaga. 

Several earthquakes occurred in the Myvatnsvcit in connection with eruptions 
from four different craters in the district. The strongest was on April 18, 
but many minor shocks were noticed all through that year. I 
September 11 to 24, a series of earthquakes affected the north coast of Iceland 
along the shores of Skagaf jordr, Eyjaf jordr and Skjalfandi. Damage was 
done at Husavik and several minor places. The disturbance reached 
Grimscy Island to the north of Iceland, but there was no earthquake in 
Myoatvisveit nor in other parts of Iceland. Mr. Thoroddssn mentions that 
on October 17 commenced a violent eruption of the Katla in the Myrdals 
Jdkull,' south of Hekla, near the coast, and he reminds his readers that 
the famous earthquake at Lisbon occurred a fortnight later. Ill 
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J8!)8 In the iii^'ht between June 11 and 12 an earthquake shook the north coast 
of Iceland, between Hunafloi and 8kjalfandi» which was not felt stt'ongly 
inland, but, like that of 1755, was very strong in the islands off the coast, 
Griinsey and Drangey. The movement came from the sea and travelled 
from the horth-oast ft the west to the interior. This earthquake was felt 
in the Sudurland at Eyrarbakld, June 12. Ill 

1857 December 31, in the early morning there was an earthquake along the north 
coast, particularly at Akureyri and Husavik, it reached to Vopnafjordr. 
on the oast coast; minor shocks followed in places to January 15, 1808. 
There was not at that time any eruption in the north country, but from 
August 27 to September 5 there had been an eruption in the Vatna Jokull 
in the south-east of the island. II 

1872 A great earthquake was felt at Husavik and Akureyri in the night of April 18 ; 
it was felt also at several other places along the north coast. 11 

1874h 5 From the week before Christmas to January 3, 1875, frequent but moderate 
shocks occurred in Myvatnsveit and throughout the Nordurland, mostly 
inland. Shooks continued near Myvatn to the spring, while eruptions 
took place in Dyngjufjoll, January 3, and again March and also in the 
Myvatnsoraefa on February 18, but they were not of importance. 1 

1882 October 29, there was an earthquake in several places on the north coast, 
principally round Thistillf jordr, a bay near the north-east comer of the 
island. 

December 21. The same district was affected, particularly Akureyri. I 

1884 November 2. Sharp earthquakes occurred at Husavik, Kelduhverf, and 

Thistillfjodr. I 

1885 January 25, a severe earthquake at Kelduhverf and elsewhere along the north 

coast. Ill 

1897 May 3. Earthquakes occurred along the western part of the north coast. 1 

1899 In the early part of this year there were frequent but not severe earthquakes 
in Iceland generally. The strongest occurred on January 30 and 31, and 
February 20-28, along the north coast from Bordoyri on the Hunafldi to 
Akureyri. On the west coast it was felt at Holt, on the Onundarf jordr, 
February 26, and on the same day at Reykjavik. On the 27th shocks were 
felt at Eyrarbakki in the Sudurland. At Bordeyri the direction is stated 
to have been south-east to north-west, at Grimsey the shocks were 
thought to come from south and south-west. I 

Besides the three lists above abstracted, Mr. Thoroddsen's book contains 
a general list of recorded volcanic eruptions and earthquakes in all parts of 
Iceland, among which the following may be noted, which arc not included 
ill the lists given above, as they occurred in Skaftafcllsysla, which is not 
comprised in the Sudurland, but lies to the cast of it. 

1721 On May 14 strong earthquakes were connccttHl with the eruption of thb 
Katla in the Myrdals Jokull ; they extended to Eyjafjoll and Fliotshlivl 
in the Sudurland. 

1727 August 2. Inhere was a severe earthquake at Saiidfcll near the Orosfa 
Jokull in connection with an eruption of that volcano. 

1783 June 1, a severe earthquake shook Skaftafcllsysla; the disturbance lasted 
till June 8, when the groat Skaftdigos, an enormous eruption from Skafta 
fell, commenced. 


4 Provisional TAst of Destruclive Karlhquahcs of the Southern Andes^ 
south of Lat, IGO (S. Peru, Chile, Bolivia, ir. Argentina). 

By Count Montkssus dr Ballore. 

The relative * deatructivity ' of different shocks are indicated by the 
numerals I, It, and ITT, see p. 57. 

A.D. 

1520 (?) g. Provinces of Ghilo* (?) 

Tarapaca. (?) 



70 ftfiPORTS ON tfifi STATfi OP SClENCfi. 


A.U. « 

1562 Oct. 28. La Imperial, Coast of Arauco. Sea waves. Ill 

1670 * Feb. 9. Concepcion. Sea waves. Ill 

1676 Mar. 17. Santiago. II (?) 

1676 Deo. 16. La Imperial as far as Castro. S^waves. Ill 

1682 Jan. 16. Arequipa. Ill 

1688 W. Coast of S. America. (?) 

1604 Nov. 24. Arica and Arequipa. Sea waves. Ill 
1604 Dec. La Serena. (?) 

1616 Sept. 16. Arica. Ill 

1632 Esteco (province of Salta). (?) 

1633 May 14. Carelmapu. Earthquake (?). Hurricane 

1643 Sept. 6. Santiago. 1 

1647 May 13. Santiago. Ill 

1650 Nov. 10. LaPaz. II 

1667 Mar. 15. Concepcion. Sea waves. Ill 

1681 Mar. 10. Arica. (?) 

1688 July 12. Santiago. (?) 

1690 July 9. Santiago. (?) 

1692 Sept. 13. Esteco (Tucuman). (?) 

1716 Aii^. 22. Moguogua. (?) 

J724 May 24. Santiago. (?) 

1725 Jan. 8. Lima and Arequipa. Ill 
1730 July 8. Concepcion. Sea waves. Ill 

1734 Mision of Tarija in el Chaco. (?) 

1737 Dec. 24. Ruin of Valdivia. Ill (?) 

1742 Mar. 23. North of the peninsula of Patagonia, south of the Archipelago of 
Chonos (Territory de >Iagellan). I (?) 

1751 Mar. 25. Concepcion. Sea waves. Ill 

1773 July 29. Copiapo. Ill (?) 

1775 Mar. 17. Valparaiso. I (?) 

1782 May 22. Mendoza. (?) 

1784 May 13. Arequipa, Arica. (?) 

1784 Good 

Friday. Arica and Valley of Tambo. II 
1787 Feb. 1. Castro. I (?) 

1787 Mar. 23. Arequipa. I 

1792 Nov. 30. La Serena. (?) 

1793 Aug. 7. Arica. (?) * 

1796 Mar. 30. Copiapo and Vallenar. Ill 

1801 Jan. 1. La Serena. HI 

1813 May 30. Yea and Arequipa. (?) 

1819 April 4, 

3, 11. Copiapo. HI 

1821 July 10. S. Peru, Camana and Arcquii3a. Ill 

1822 Nov. 5. Copiapo and Coquimbo. II 

1822 Nov. 19. Valparaiso. Sea waves. Ill 

1820 Sept. 26. Valparaiso and Santiago. 1 
1829 Oct. 1. Santiago. 1 

1831 Oct. 8. Arica. I 
1833 April 25. Huasco. I 

1833 Oct. 18. Arequipa, Arica and Tacna. IT 

1834 July. Yea. (?) 

1836 Feb. 20. La Concepcion and Talcahuano. Sea waves. Ill , 

1836 July 3. Cobija. Sea waves. 

1837 Nov. 7. Valdivia. Ill 

1843 Dec. 17. La Serena. I 

1844 Oct. 18. Salto, Tucuman, Santiago del Estcro. Ill 

1846 June 3. Arica. I 

1847 Jan. 19. Copiap6. 1 

1848-60 (?) Santa Cruz do la Sierra (Bolivia). II 
1849 April 9. Destruction of San Luis (Argentina). Ill 
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A.D. 

1849 Dec. 17. Ooquimbo. With soa waves. 1 

1850 Deo. 6. Santiago. II 

1851 April 2. Santiago. II 

1851 May 26. Province of AtaAama. 11 
1854 Jan. 14. Minas do Cruz de Gahas (Ooquimbo). I 
1859 Oct. 5. Oopiapd. 1 
1861 Mar. 20. Mendoza. Ill 

1861 Aug. 29. San Carlos (Argentina). I 

1862 Feb. 5. Mendoza. I 

1863 June 29. Arequipa. I 

1864 Jan. 12. Copiap6. I 

1866 July 23. Copiapo. I 

1868 Aug. 13. S. Peru, Bolivia and North of Obilo. Soa waves. Ill 

1868 Oct. 12. Copiapo. I 

1869 Aug. 19. Arica to Yea. Sea waves. I 

1869 Aug. 24. N. Chile and South of Peru. I 

1870 Mar. 23. Calama. (?) 

1870 Mar. 25. Mendoza. I 

1871 Feb. 23. Province of Cochabamba (Bolivia). 11 

1871 Mar. 24. Santiago, Valparaiso. I 

1871 Oct. 5. Tarapaca. I 

1871 Oct. 22. Jujuy and Oran. Ill 

1873 July 7. Central Chile. Ill 

1874 Oct. 26. Santiago. I 

1876 Feb. 11. Illapel, Salamanca and Chalinga. II 

1877 May 9. N. of Chile, Iquique. Sea waves. Ill 

1877 May 17. La Paz. I 

1878 Jan. 23. Iquique, Arica, Province of Tarapaca. I 

1879 jFcb. 2. Magellan Territory and Tierra do Fuego. I (?) 

1880 Aug. 15. Valparaiso, Illapel and Quillota. I 

1882 Mar. 6. Department of Paclin (Catamarca Argentina). II 

1883 Oct. 1. Arequipa. I 

1884 Nov. 20. Bolivia. I 

1887 Sept. 23. Yacuiba (Bolivia). I 

1890 April 24. San Felipe. I 

1891 Aug. 15. Central Bolivia. I 

1894 Oct. 27. La Rioja and San Juan. II 

1898 July 23. Concepcion. I 

1899 April 12. La Rioja, Catamarca, Tucuman, Rio Cuarto, Santiago del Kstexo. 1 

1900 Oct. 23. San Luis. I 
1903 Aug. 12. Mendoza. I 

1903 Doc.7. Vallenar. II 

1904 Mar. 19. Vallenar. II 

1906 June 18. Valparaiso and Valley of Aconcagua. II 

1906 Aug. 16. Valparaiso and Central Chile. Ill 

1907 June 13. Valdivia. II 

1907 Aug. 14. Mendoza. I 

1908 Feb. 23. Sierra Gorda (Antofagasta). I 

1908 July 16. N. Chile, S. Peru, W. Bolivia. I 

1909 Fob. 11. Candaravo (S. Peru). I 
1909 May 17. Tupiza (Bolivia). II 
1909 Juno 8. Chafiaral and Copiapo. II 

1909 July 22. Sipesipo (Cochabamba, Bolivia). Ill 
1909 Sept. 20. Tinogasta, W. Argentina. I 
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InvestigaJLion of the Upper Atmosphere in co-opercUion with a Com- 
miUee of dte Royal Meteorological Society. — NirUh Report of the 
Committee, consisting of Dr. W. N. Shaw (Chairmah), Mr. E. GtOLD 
{Secretary), Messrs. D. Archibald, C. Vernon Boys, C. J. P. 
Cave, and W. H. Dines, Dr. R. T. Glazebrook, Sir J. Larmor, 
Professor J. E. Petavel, Dr. A. Schuster, and Dr. W. Watson. 

Meetings of the Joint Committee were held in the rooms of the Royal 
Meteorological Society on October 20, November 2, 1909, March 8, 1910. 
The Committee arranged to take part in the wide scheme of international 
ascent for the week December 6 to 11, 1909. During that period 
registering balloons were sent up at twelve or more stations distributed 
(fver the continent of Europe besides those in this country, where 
arrangements were made for ascents at Crinan, N.B., and Pyrton Hill 
hy Mr. Dines for the Meteorological OHfice, ab Manchester by the Uni- 
versity, and ab Ditcliam Park, Fctcrsheld, by Mr. C. J. P. Cave. 

In addition to observations at land stations, registering balloons were 
to be sent up from the German cruiser ‘ Victoria Louise * near the West 
Indies, and Professor Palazzo arranged to make observations off the 
coast of Somaliland in an Italian vessel at the same time as a German 
boat, the ‘ Planet, ' was co-operating in the Indian Ocean. Observations 
of pilot-balloons were to be made from three vessels of the German 
Lloyd lirfe, crossing the regions of the trade winds, and special observa- 
tions were to be made simultaneously on tlie Peak of Teneriffe. Regis- 
tering balloons were to be sent up in the United States and India also, 
and cloud observations were made at observatories all over the world. It 
will be seen, therefore, how extensive a field of operations was included 
in the scheme. 

The plan of the Joint Committee was to fill up a gap in the observa- 
tions in the British Isles by sending up registering balloons from a place 
in the West of Ireland and to secure pilot-balloon observations from Bar- 
bados, which had already been the scene of very successful kite ascents 
by Mr. Cave. The British Association grant was specially allocated for 
the former purpose. 

The Committee secured the services of Captain C. II. Ley, who had 
in 1908 been successful both with pilot and registering balloons in 
Ireland, and he decided, with the approval of the Committee, to make 
Dhulough, a place in the extreme west of Galway, his base. 

Special arrangements were made in this country on account of the 
risk of losing the balloons in the sea if they were sent up in decidedly 
unfavourable conditions. The Meteferological Office sent telegraphic 
forecasts to the observers from Tuesday to Friday of the w’eek of the 
ascents in order that they might send up two balloons on a single day 
near the middle of Ihe week if favourable conditions prevailed rather 
than risk losing the balloons owing to unfavourable conditions later on 
by rigid adherence to the general plan of one ascent at 7 a.m. each day. 
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Thus at Pyrton Hill and Manchester the second balloons sent up on 
December 7 on the strength of a favourable forecast were both recovered 
and furnished good records, and the second ascent from Manchester on 
the 8th was equally successful. 

Altogether eighteen of the balloons sent up in this country were 
recovered, and fifteen of these gave records to heights exceeding 10 km. 
The results have not yet been discussed, but an inspection of them shows 
at once interesting features. On the earlier days of the -week these 
islands were situated in a region of low atmospheric pressure in which 
the gradients w'ere small. All the records for this period showed that 
the upper limit of the convective region of the atmosphere was reached 
at heights between 7’5 and 8*5 km., i.c., very much below the average. 
The conditions changed as a well-marked cyclone developed over Ice- 
land, and the greater part of the area of the ascents lay in the limiting 
region between this cyclone and an anticyclone whose centre was over 
the North of Spain. The height of the upper limit mentioned above rose 
simultaneously wiili this change to 12 km. or more at each station. It 
fell again as a fresh cyclone from the Atlantic advanced over these 
islands, and in the last ascent, made at Ditcham on the Saturday after- 
noon while the centre of the cyclone was still west of Ireland, the height 
liad decreased to 10 km., which is about the average for that time of 
the year. 

It had been lioped that the ascents would furnish sufficient results 
to admit of a similar representation of the temperature conditions in 
December to that for July showm a year ago by Dr. Shaw. The critical 
ascents were those from Ireland, and unfortunately these were not a 
success. Balloons which might have proved quite satisfactory in normal 
July conditions turned out to be too weak for the w^eaiher prevailing at 
Dhulough in the international week last December, and, instead of rising 
with approximately uniform vertical velocity until they burst, they 
developed leaks and on this account floated in the air probably long 
enough to get clear of the land. Only two of the six sent up were 
recovered, and these did not reach great heights. The results obtained 
W'ere: — 

Height Surface 0’5 1‘0 1‘5 2’0 S’/) 3‘Okm. 

m A r Doc. 9 

T^poraturo ^ 275° 273° 27^*5 269<^*5 

Hegroes A Second balloon reached 1’5 km. only. 

The observations made with pilot-balloons in Barbados have been re- 
ceived and are bring dealt with by Mr. Cave. The heights to which the 
balloons were observed range up to 5 km. 

The Committee find that a stronger balloon than that ordinarily used 
can now be obtained at a slight additional cost, and they believe that by 
using such balloons a successful series of ascents in Ireland may be 
obtained even in winter conditions. They therefore recommend re- 
appointment with a grant of SOL to carry out further experiments in 
conjunction with the international ascents in 1910-H, 
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Afagnetic Observations at Falmouth Observatory. — Report of the Coni' 
mitlee, consisting of Sir W. H. Peeece (Chairman), Dr. II. T. 
Glazebrook (Secretary), Professor W. G. Adams, Dr. Curee, 
Captain Creak, Mr. W. L. Fox, Sir Arthur RIJcker, and Pro- 
fessor Schuster. 

The results of the magnetic observations at Falmouth Observatory for 
1909 have been published in the Annual Report of the National Physical 
Laboratory, as well as in that of the Royal Cornwall Polytechnic 
Society. The mean values of the magnetic elements for the year are ; — 

DeoHnstion 17*48'-4W. 

Inclination 66° 30''6 N. 

Horizontal Force 0*18802 C.6.S. 

Vortical Force 0*43266 C.G.S. 

The instruments were inspected by Mr. Baker, of the Kew Observatory, 
in October 1909, who reports that they were then in good order, and 
that the results of the absolute measurements made on October 15 
were in good agreement with Mr. Kitto's latest observations. The 
results of the tabulations for the year were also satisfactory. 

During the year the Magnetic Survey ship ‘ Carnegie ' visited Fal- 
mouth, and was furnished with data of great value. An account of 
some of the results is given in a paper by L. A. Bauer and \V. J. 
.Peters, ‘ On the Complete Magnetic Results of the First Cruise of the 
''Carnegie, WOO-IO, 'published in ' Terrestrial Magnetism ' for June 
1910, from which the following is an extract: — 

‘ The desire therefore arose to wake assurance doubly sure with 
regard to deviations of any kind (constant or harmonic), and to swing 
the “ Carnegie in a locality as free as possible from local disturbances. 
Captain Chetwynd, Superintendent of the Compass Department of the 
British Admiralty, being appealed to for advice with regard to a British 
port fulfilling the desired conditions, recommended Falmouth. ' 

The article also contains a comparison of the values of the magnetic 
elements at Falmouth with those already obtained by the American 
observers and the British Magnetic Survey values dependent upon 
Eticker and Thorpe’s observations, referred to October 18, 1909, ‘ witli 
the aid of the valuable series of annual values of the Falmouth Magnetic 
Observatory. * 

The figures are as follows: — 

D. I. H.F. 

' Carnegie * Ship Observations • • 17° 46'*0 W. 66° 30'*0 0*1873 

„ Land „ . . 17° 46'*1 66° 30 *4 0*1878 

British Magnetic Survey . • .17° 44'*8 66° 29'*1 0*1876 

from which it will be seen that the agreement is very close. 

The magnetographs at Eskdalemuir are now working satisfactorily, 
and it is hoped it will be possible to commence this year the regular 
tabulation of results. In view of the importance of comparing the 
regular magnetic variations obtained there with those found in the South 
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of England, the Committee think it most important that the Falmouth 
observations should be maintained, and they ask therefore for reappoint- 
men, with a grant of 50L 

By an arrangement recently made between the Royal Society, the 
Aleteorological Office, and the Treasury, the responsibility for the 
magnetic and meteorological work at Kew and Eskdalemuir now rests 
with the Meteorological Office. The Committee therefore recommend 
that the name of Dr. Shaw be added to the Committee, and that he be 
the Secretary of the Committee. 


Geodetic Arc in Africa. — Report of the CommiUeef consisting of Sir 
George Darwin {Chainmn)^ Sir David Gill (Secretary)^ Colonel 
C. F. Close, and Sir George Goldie, appointed to carry out a 
further poHion of the Geodetic Arc of Meridian North of Lake 
Tanganyika. 

The grant (100/.) has been paid to H.M. Treasury. The field work for 
which the grant was made has been completed, and the computations 
are finished, excepting the final reduction of the observations of latitude. 

Report by Captain E. M. Jack, R.JH. 

The measurement of a portion of the 30th meridian arc, to the 
cost of which the British Association made a contribution of 100/., was 
carried out in the Uganda Protectorate in 1908-09, the personnel 
employed being as follows : — 

British Section. — Observers: Captain E. M. Jack, E.E., and 
Mr. G. T. McCaw, M.A. Assistants: Lance-Corporals Jones, R.E., 
and Page, R.E. Medical Officer: Mr. C. Ij. Chevailier. 

Belgian Section. — Astronomer: Dr. Marcel Dehalu. Assistant: 
Captain G. Wangerm^e. 

The instruments used w’ere two 10-inch Eepsold theodolites, lent 
by the Intercolonial Council of the Transvaal and Orange River Colony ; 
and a 3-inch zenith telescope, lent by the War Office. 

Observations of terrestrial angles were made to heliostats by day and 
to acetylene lamps by night. Angles w^ero measured on eight settings 
of the circle, two measures C.R. and C.L. being taken on each setting. 
Vertical angles were measured in the afternoon. 

Latitudes were observed at fourteen out of the sixteen main stations. 
The Talcott method was employed, and usually 15 to 20 pairs of stars 
observed at a station. 

Azimuths were observed at three stations, at each end and in the 
middle of the chain. 

A base 16i kilometres (lOJ miles) long was measured. Six invar 
wires were used, three being kept for reference purposes only, and three 
for actual measurement. No standard bar was carried. The base was 
divided into sections of about one kilometre, and each section was 
measured twice, each measurement being made with tw’^o wires. A 
third measure of a section was made in the few cases when there 
appeared to be an abnormal discrepancy between the first and second. 
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In all, sixteen main stations were occupied. The chain of triangu- 
ktion extended from 10' N. to 10' S., and consisted of five figures, 
namely: a northern complex figure, including the base net; three 
quadrilaterals; and a southern tetragon, or quadrilateral with an 
additional centre-point. The width of the chain is about 30 miles ; the 
longest ray was 47 miles. 

Eve'^y station was permanently marked with an iron or brass peg, 
surmoun'^ed by a large cairn of stones, in the centre of which was fixed 
an iron beacon. The Uganda Government was informed of the position 
of all stations. 

The work in the field took eleven months, from March 1908 to 
February 1909, of which a month and a half was occupied in base 
mensureinent. The atmospheric conditions for observing were bad, 
and delayed the work considerably. 

The actual cost of the British Section was 3,7501, A good deal of 
expense was saved by the fact that the majority of the officers and men 
had been on the Anglo-Congolese Boundary Commission, and the 
expense of their journeys, camp equipment, &c., were thus saved to 
the Arc Survey. 

Preliminary computations were carried out in the field as much as 
possible, and found useful in the subsequent precise calculations. Tlie 
latter were undertaken on the return to England, and -are now practically 
completed. 

The absolute probable error of the base, taking into account all 
possible sources of error, was found to be 

± 14.92 mm., or 1 in 1,108,000, 
a result which is considered very satisfactory. 

The average error of closure of the triangles was 

±0".812, 

and the probable error of an observed angle 

± 0".390. 

The final report, which includes a full description of the work of 
the survey, the methods adopted, the determination of the errors of 
the instruments, the measurement of the base, the adjustment of the 
triangulation, a discussion of the height of the datum point on Lake 
Albert, and the adjustment of the vertical observations, &c., is almost 
complete. There remains to be done the section dealing with the 
geodetic positions of the jx)ints. The computation of these positions 
from the triangulation is necessarily bound up with the results of the 
latitude observations, as an adjustment has to be made between the two. 
Unfortunately the latitude results have not yet been received from 
M. Dehalu ; but as soon as they are, the final computation of the geodetic 
positions will be made and the report publislied. 

It may be mentioned that, in addition to the main work of the 
survey, observations were taken with a view to determining the height 
of Euwenzori and of the Mufumbiro volcanoes; and a connection was 
made with the survey of Uganda. 

M. Dehalu also carried out a large number of magnetic observations. 
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The Stvdy of Astronomy, Horology, and Geo'physks.—Ile'port of 
the Committee, consisting of Sir Arthur RUokbr {Chairman), 
Professor A. E. H. Love {Secretary), Sir Oliver Lodge, Sir J. J. 
Thomson, Professors 0. G. Knott, E. Rutherford, A. Schuster, 
and E. T. Whittaker, Drs. W. G. Duffield and G. T. Walker, 
and Mr. R. T. A. Innfs, appointed to report upon the provision for 
the Stvdy of Astronomy, Meteorohgy {including Atmospheric Eleo 
tricity), and Geophysics in the Universities of the British Empire, 

In reply to a letter of inquiry, information was furnished by the acting 
Jieads of most of the Universities. The information in regard to Aus- 
tralasia was collected by Dr. Duffield, and in regard to South Africa by 
Mr. Innes. Dr. G. T. Walker contributed a r^sumd of the information 
in regard to India. All the information was received 4n 1909, but some 
of it too late for incorporation in a report to be presented at Winnipeg. 
The report was therefore defended to this year. 

In asking for information the Committee suggested that provision, 
such as comes within its cognisance, might take the following, among 
other, forms: — 

(1) There may be Professors, Readers, Lecturers, or Demonstrators 
appointed to teach or give instruction in one or more of the subjects. 

(2) There may he occasional oourses of lectures or practical instruc- 
tion, such as would be a course*in geodesy given by a professor of 
astronomy, or a course in terrestrial magnetism or atmospheric elec- 
tricity given by a professor of physics. 

(3) There may be facilities for the training of observers in meteor- 
ology, seismology, or other subjects of the group, in cases where the 
University, or the city in which it is situated, possesses observing and 
recording stations. 

(4) It may be possible to secure such facilities as those referred to 
in (3) if they are sought by intending students. 

(5) Degrees, or diplomas, may be given by the university for pro- ^ 
ficiency in the subjects or in some of them. 

(6) There may be scholarships or studentships by which pecuniary 
assistance could be given to persons engaged upon research in these 
subjects. 

(7) There may be prizes or medals for the encouragement of such 
research. 

The information received is summarised in the following statement : 
The numbers in brackets indicate the forms of provision according to the 
circular issued by the Committee; the capital letters indicate the 
subjects, as follows: A., Astronomy; A.E., Atmospheric Electricity; 
G., Geodesy; G.P., Geophysics; M., Meteorology; T.M., Terres- 
trial Magnetism. For instance, the entry * (4) M.’ means that 
facilities can be secured for training an observer in meteorology. 
When additional information not coming under any of these heads 
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has been furnished it is entered under the number (8). The num- 
ber (1) is used when regular courses of instruction are given; the 
numW (2) when occasional courses are given. The Universities which 
are omitted from the list either sent no information or make no special 
provision for the study of any subject of the group. 

United Kingdom, 

Aberdeen. — (4) M. (6) Some scholarships available. 

Birmingham. — (4) M. (8) A small astronomical observatory. 

Cambridge.— (1) A. and M. (2) M. (3) A. and M. (4) A. (5) A. 
a subject for mathematical honours; degrees for research in any of 
the subjects. (6) Various endowments available. Some scholarships 
specifically assigned to A. (7) Medal for A. 

Dublin (Trinity College). — (1) A. (3) M. 

Durham. — (1) A. (3) M. (8) It is proposed tc arrange for tlio 
o/ M,, with special reference to A.E., at Armstrong College, 
iVe\vcast/e-on-Tyne. 

Edinburgh. — (1) A. (3) M. and S. (6) Scholarship available. 
(8) A prize, open to the four Scottish Universities, is offered by the 
Scottish Meteorological Society for an essay on a meteorological 
subject. 

Glasgow. — (1) A. (2) G.P. (3) M. (6) A. a subject for Final 
B.Sc. (6) Two bursaries and a fellowship for A. 

Leeds. — (1) M. (3) M. 

Liverpool.— (1) A. (2)M. (3) A. (4)A., S.,M. (6) Scholarship 
available. 

London. — (1) A. and M. f2) T.M. 

Manchester. — (1) M. (2) M. (3) M. (5) M., or any other subject 
of G.P., can be taken for an honours degree, also M. for diploma in 
public health. (6) Two scholarships and one fellowship available. 
(8) Meteorology is recognised as part of physics. A lectureship has 
been assigned to it, but is not now filled up. Students hav^ taken part 
in investigations of upper atmosphere and atmospheric electricity. 

Oxford.— (1) A. (3) A. and M. (4) A. and M. (5) A. a subject 
for a final honours school; degrees for research in any of the sub- 
jects. (6) Various endowments available. (7) Medal and prize for an 
essay on a subject of A. or M. 

Wales.— (1) A. (3) M. and 5*, at Cardiff. (8) A small astro- 
nomical observatory at Bangor. 


Canada, 

Kingston. — (1) A. (5) A. a subject for mathematical honours. 
Montreal.- (1) A. (2) M. (3) A. and M. 

Toronto. (1) A. (3) G. (4) A. at Ottawa. (8) Special courses 
are given to prepare students for posts on Geodetic Survey. 

Australasia. 

Adelaide.-( 2) M. and T.M. (5) A. a subject for B.A: and 
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MEiiBOUBSE.--(l) A. (2) 0. (6) Eesearch soholarahipB availabla. 
New Zbaiand (Ohbi8tohuboh).--(3) T.ll. { 6 ) A. a mibieeb for 
mathematical honours. ■ (7) Besesibh meuls atailabk 

Sidney.— <2^ A. and G. (3) and (4) A., G., miU. jnhsMj in 
future. 

India. 


Mathematical ^tronomy is generally a degi-ee subject. At Calcutta 

there is a professor ot A., and research scholarships are available for A. 


OeneraL 

In several Universities atmospheric electricity, terrestrial mag- 
netism, geodesy, meteorology, and seismology, or some of these sub- 
jects, are treated incidentally by professors of astronomy, physics, or 
geology; and it was intimated that additional provision could be made 
for the study of such subjects if there were any demand for it. 


Electroanaly8i8.--Report of the Committee, consisting of Professor 
P. S. Kipping (Chairman), Dr. F. M. Perkin (Secretary), Dr. 6. T. 
Beilby, Dr. T. M. Lowry, Professor W. J. Pope, and Dr. 
H. J. S. Sand. 


The work on electroanalysis has been further elaborated during the 
year by the publication of papers on the ‘ Electro-deposition of Metals, ' 
by Dr. P. Mollwo Perkin and W. E. Hughes,^ and by Dr. H. J. 8. 
Sand on ‘ Apparatus for the Eapid Electro-analytical Separation of 
Metals, ' ® and ‘ The Electro-determination of Lead as Peroxide. 

Perkin and Hughes have devised and experimented with new 
cathodes for the rapid deposition of metals. One simple, smooth 
cathode is in the form of an elongated thimble, and with this, when 
rapidly rotated, very smooth and even deposits can be obtained ; the total 
active electrode surface is about 16*3 sq. cm. Extended work has shown, 
however, that a platinum gauze cathode surrounding a spiral anode', 
which is rapidly rotated, gives the most satisfactory results. For 
separation of metals by means of graded potentials a funnel-shaped 
vessel with a tap for running off the electrolyte is used. This vessel has 
a side tube fused into it at about the centre to take the capillary of 
the auxiliary electrode. This form of apparatus gave very good results, 
and is very simple in*working. 

The experiments referred to a year ago by Dr. Sand with an anode 
made partly of glass and a cathode of metals, other than pdatinum, have 
been completed by him, and will be published shortly. Satisfactory 
results for copper were obtained with a cathode of silver, and for zinc 
with a cathode of nickel. In the former case the electrolyte deposit may 

' Trane, Faraday Society, 1910 , vi. * Ibid,', 1909 , v, 159 . ® Jhid., 1910 , v. 207 . 
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i*(‘in(n'c‘(] from the electro<le by i\ solution of liydrogon peroxide itl 
diluted sulpliuiii* ai*id. 

IiX])eriuients on the sepnnitioii of tlie four metals — copper, anti- 
mony, tin, and lead — liave been continued. In connection with this 
work ifc has been shown tlial chlorides exert a retarding influence on the 
dej)osition of copper. This is due to tlie formation of derivatives of 
cuprous chloride din-ing electrolysis from which copper is only deposited 
at a high ])otcntial. The conditions for the separation of copper from 
antimony have been fully elaborated, and mixtures of the thr(‘e metals 
— cupper, antimony, and tin — corresponding to industrial alloys have 
i)ccu .successfully analysed. ^Yllen lead is ])reseiit in small quantity 
this may be deposited with the tin; the greater part of the tin may after- 
wards be n'lnoved by making the electrode tlaj anode in a solution con- 
tai/iing sodium polysulphides. The lead may tlieii be separated from 
tlie small (juantity of remaining tin by means of nitric acid, and can 
afterwards l)e deposited elect roly tically.^ 


Dynamic Isomerism. — Report of the Committee, consisting of Professor 
11. E. Armstrong (Chairynmi), Dr. T. M. Lowry (Secretary), Pro- 
fessor Sydney Young, Dr. C. II. Desch, Dr. J. J. Dobbie, Dr. 
M. 0. Forster, and Dr. A. Lapwortji. (Drawn up hy the 
Secretary.) 


Ahsorplion-Speclra oj Camphor and its Derivatives. 

T]in study of a large number of derivatives of camphor ^ shown 
that a band is normally pre.sent at a frequency 1 /.‘loOO, but jienctrating 
only to log. thiekiK'ss 2‘G (about 400 nun. of N/lOOO or 40 mm. of 
X.TOO solution). This band appears even when the two hydrogen- 
atoms of the adjaccuU methylene group are displaced, ]jrovided that the 
new' radicles do nut jiussess anv large I’esidiial al'linitv; l)ul. in cumpounds 

yCBr, 

such as aa'-dibroinocarnphor, CjjHiK I , and fta'-chloronitro- 

^CO 


camphor, CaH, | 


.CCI.NO 


2 


, the general absorption is increased ])y the 


substituent groups, and the band disappeai’s. The dnvel()[)ment of the 
band can only be attributed to the carbonyl-group, which is tlicridure 
capable of giving rise to a specific or local absorption: this is oidy of 
slight intensity, and of such a frequency as not to give rise to visible 
coh)ur. but it may be compared not unreasonably witli th(i blue or green 
colour produced by the. analogous ehromo])hore — N - () in conqiounds 
such as /'O'-nilrosobutane. 


* Pit ] ill 1 inary note in J*roc. Chnn, Son., IftOO, 26. 228 
Tranfi. Ohm. Hoc., 1000, f5, 807 82.3, 1310-1340; 1010, 07, 800 OOC, 005 021. 
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The introduction of a second — C=0 group in compounds such as 

* ,0(CH3)CO.OOH3 


methyl methylcamphooarboxylate, 

intensify the band, as the two carbonyls are hot copulated owing to 
the fact that they are separated two single linkages instead of 

.C=0 


does not 


one. In camphorquitfone C8H14; 




, on the other hand, the band 


4\ > 

N3=0 

is brought right into the visible region at ] /2050 and its persist- 
ence is increased from log. thickness 0*3 to 1*6; the penetration of the 
band is, however, practically the same as in camphor, log. thickness 
2*0, the decrease in the frequency of the maximum absorption being 
accompanied by no marked increase in its intensity. The decrease of 
frequency gives rise to what Schutze has called a ‘ deepening * of 
colour, an effect which he has conveniently described as ‘ batho- 
chromic,' in contrast with the ‘ hypsochromic ' action of compounds 
which cause an increase of frequency and a ‘ lightening ' of the colour. 

,C=:CH« 


In methylene camphor, CgH,^ 




the introduction of the 


second unsaturated group produces an entirely different effect, the 
frequency of the band being unaltered, but its penetration increased 
to log. thickness 1*7. The copulation of the tw^o groups is thus accom- 
panied by an actual increase of specific or local absorption, an effect 
which may be regarded as genuinely * auxochromic. * 

A further increase of penetration to log. thickness 0*3 is produced 
by the introduction of a third unsaturated centre as in benzylidene 
.CrCH.CfiHs 


camphor, CgH,., 


/' 

\ 


CO 


and the derivatives of oxymethylene 


The nature of the substituent radicle B 


/C:CH.OR 
camphor, | 

^CO 

in the enolic compounds, 

< C : OX.OE yC.CO 

I and (i) CgHu< I! . . 

CO ^C.OR 

has no marked influence on the penetration, but the frequency of the 
band decreases by about 200 units w^hen sodium is substituted for 
hydrogen or methyl, whilst an increase of similar magnitude results 
from the displacement of hydrogen by acetyl ; the bridging of the ethe- 
noid linhage, which is the main difference between the enolic formulfe 
(ff) and (h), is accompanied by a decrease of frequency. 


1010 , 





Reports on '^HE g’i'AT?E ov scienci?. 


The M^hh^tromUtc Subitancee.-^Sejt^ of ihe Committee, con* 

Dimts {Ohainnan), Fittdssor A, W. Obossi.kv 
(Seer^a^), l^egaor W. H. PiBsKiN, Dr, M. ,0. FobsIssib, and 
Dr. H. B. Lb Svbbb. 

"■P 

Action of ethyl cyanoacetaie on 5-cftloro-l: l-dimeihyU ^^-cyclo- 
hexcn-B-oHA . — ^The action of ethyl cyanoacetate on chlorodimethyl* 
cyclohe;^enone^ might be expected, by analogy with the action of 
ethyl sodiomalonate on the same ketone,® to give rise to ethyl 1 : 1- 
dimethyl- -cyclohexen-S-one-S-cyanoacetate (I). But although the 
reaction product possesses this 'empirical formula, it has properties 
which are incompatible with those of a substance of this constitution, 
for it behaves as a monobasic acid, forming compounds by elimination 
of water with aniline and monomethylaiiiliiie, and giving esters when 
heated with alcohol containing 5 per cent, sulphuric acid. In the latter 
case two isomeric methyl or ethyl derivatives are produced. When 
hydrolysed with acids, both the original condensation product and 
either of its ethyl or methyl derivatives are transformed into trimethyl- 
cyclohexenone (II). 

CN.(jH.COAH. OH, 

An e 3 ^)lanation of the behaviour of the condensation product is afforded 
by adopting Thorpe’s formula for ethyl sodiocyanoacetate,® when the 
reaction would be formulated in the following manner. The initial 
additive compound (111) would lose the elements of sodium chloride 
forming ethyl 1 ; l-dimethylcyclohexan-S-onylidcne-S-pyanoacet aie 
(IV) and by tautomeric change, ethyl 3-hydroxy-l : 1-dimethyl- A®- 
cyclohexenylidene-5-cyanoacetate (V). 


ON.i:C(ONa).OC,H, CnJ-COAH, 

(III) (IV) 


(CU,),C<°^^®>CH 


cnAcoah* 

(V) 


The last formula acepunts for all the observed properties of the sub- 
stance, including its ability to fonn two ethyl derivatives which can bo 
represented as cis and trans modifications. When either of these ethyl 
derivatives is hydrolysed with potaesium hydroxide in etliyl alcoholic 
solution , 3-ethoxy-l : 1-dimethyl- A^ -cyclohexenylidene-6-oyanoacetic 
acid (VI) is produced, which on heating loses the elements of carbon 

> SroBslcy and OilUng, J.O.S., 1910, 97, 518. 

» Ibid.. J.G.S., 1909, 06, 19. » J.O.S., 1900, 77, 926. 
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dioxide with formation of 3-ethoxy-l : 1-dimethyl- A’ -cyclohexenv 
lidene-5-aceioiiitrile jJ(VII). 



Although somewhJSfstaMe Awards aljtali this nitrile is readily hydro- 
lysed by acids with fbrma^do oMk4>: 5-tritoethyl- -oyoIohexen-3- 
one (II). When ohlorodimetbylcy^bnexeneue is condensed (a) with 
the sodium derivative of ethyl methylcyanoacetate, the product is 
Iiydroxydimcthyleyol(moxenylid|Qepropionitrile 


II 

CH3.C.CN 

tho carbcthoxy group eliiniiiated as ethyl carbonate ; (b) with 

ethyl sodioaoetoacctatefc Iho product is the same as witli eih>l 
nifilonate, namely, ethyl dimethylcycIohexelJoneacetate, ethyl acetate 
aiipearing as a by-product. The elimination in these reactions of eth>l 
carbonate and ethyl acetate resjpctivcly is probably governed by 
spatial considerations. 

8 : ^‘DicUloro*o-xyUne and 2 : 5^dichlorophthaUc acid. * — Tho 
main product arising from the action of phosphonte pentachloride on 
dimethyldihydroresorcin (I) is 3 : S-dichloro-l : 1-dimethylcyclohexa- 
chone (II), but a by-product is also formed which was thought to bo 
3 : 5-dichloro-o-xylene (III). 


(I) ' (H) 

(in) 


This structure 'As assigned to Uie latter substance because there did 
not appear to be any reason to |>resaihb ^at, in thei..conver8ion of the 
hydroaroo^ti6 into the aromatic dichloro-derivative, the chlorine atoms 
would alter their positions. Duriag the reaction, however, a methyl 
gioup must have wandered, and this was shown td have migrated to 
the ortho-positipa, because on oxidation an acid (3 : 5-dichlorophthalic 
acid) was obtained wbieh readily gave an akhydride, and also the 
fluorescein reaptioa. 

Ii» a recent number of the ' Berichte ’ * Villiger described tho 
preparation of three of tlie four possible dichloro-o-phthalic acids 
(Cl ; 01, 3 : 6, 8 : 4, 4 : ^ by the (brect chlorination of phthalic anhy- 
dride. Villiger points out (ftid/, p, 3632) that a fourth isomeride was 

> Croaslc^ and Wron, J.ChS., 1016, Of. 08, * Bar.. 1000, 48, 3620 

o 3 
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Vhscribed by Crossley and Lc Sueur in 1902,^ and regnrds the iic id as 
: ^'-dichloro-u-phthalic acid, although ‘ its constitution has never 
lieen controlled.’ 

3: 5-dichloro-o-xylene has now been prepared from 3: 5-diritro-o- 
xylene by means of the diazo reaction, and oxidised to 3 : 5-dii liloro- 
phthalic acid. A detailed comparison of the properties of t))(isfi 
synthetic products with those obtained as above mentioned from 
dimethyidi hydroresorcin shows them to be identical, as seen from the 
following tabulated statement: — 

From dimeth 3 rldihydro- From 3 : 5-dinili o- 

reRoreiti. c-xylene. 

Dichloroxyleno . . . Yellow, refractive liquid ; Yellow, refractive liquid ; 

flight aromatic odour. slight aromatic odour. 

B.p. 226®, ra.p. 3-4®. B.p. 226®, m.p. 6~7°. 
Dichlorodinitroxylcnc . M.p. 175-176°. M.p. 176°, 

Dichlorophthalic acid . . M.p. 164® (previous soft- M.p. 164° (previous soft- 

ening) with evolution oning) with evolution 
of gas. of gas. 

JiichJorophthalie anhydride M.p. 89°. M.p. 89®. 

Dichlorophthalanil . . M.p. 15C2.150°*5. M.p. 150®. 


Ilydro-aroinatic keiones ,^ — In continuatioii. of the work previously 
described® 1 :1 :2-trimeiSiylcycl6hexan-3-(Hie has been prepared from 
trimethyldiliydroresorcin as a starting poinji, the various steps, involved 
being indicated by the following 


C(CH.), 


C(CH.), 


C(CH.), 


CH.CH 3 H,C 


CH 


f.- 

CO 


CIC^^ 

CH 


CH.CH, BJO 

CO 


CH.CH, 
-> 


C(CH,\ 



H,0\^^CU0H 

cir, 

cccir^), 

COCH3 




(I) 


Ufi^^COOU 

CH, 


1-1 : 2-trimethylcyclohexan-3-one is a colourless liquid, boiling at 
1900/750 mm., and when oxidised with 'potassium permanganate yields 
S-acetyl-J-methylhexoi# acid (I), which fact definitely establishes its 
constitution. The investigation of this ketone is being continued, 
partly on' account of the similarity in the groupings which it cquluns 
with those of the camphor molecule. 


^ Trans., 81, 1633. ‘ Unpublished work. 

« Chrosaiey and Renouf, J.C.8.. 1907, 01, €3. 
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The Tmnsformidion of Afomatic NUtoamines and Allied Hubstances^ 
and its Relation to Substitution in Benzene Derivatives, — Refort 
of the Comwittee, consisting of Professor P. S, Kipping (Chairman), 
Professor K, J. P. Orton (Secretary), Dr. S. Ruhemann, Dr. A. 
Lapworth, and Dr. J. T. Heavitt. 


I . — The Chlot Ination of Anilides and the Transformation of Acyhhloro- 

aminobenzenes, 

(With W. J. Jones, B.Sc,) 

Tn summarising liis views on substitution in aromatic compounds, 
Armstrong ^ expressed the belief that in the formation of derivatives 
of anilines and phenols, the reagent united directly with the nitrogen 
or oxygen, the residual valency of these atoms corning into play. In 
tlie case of anilines and anilides the definite compounds, which can 
olten bo isolated, niiroamines, chloroamines, &c., were held by 
Armstrong to be * a necessary stage in the formation ' of the substituted 
aniline or anilide, the process of conversion being ‘ regarded as one 
of isomeric change.’ He suggested further that, as part of the 
mechanism of the change, *fhe centric benzene nucleus assumed 
momentarily the highly* unstable ethenoid form. ’ 

Later, Armstrong^ discovered^ltbet the cldoroammobenzenes were 
only converted into the isomeric chloroanilides in the presence of 
hydrochloric acid. Blanksma * showed that under the conditions under 
which he worked the reaction was of the first order, and the speed 
proportional to the square of the concentration of the hydrogen 
chloride. It had been suggested by Orton* that all such isomeric 
changes of the N-substitut<^ derivatives under the influence of an acid 
catalyst were due to the formation of a complex or salt (I) in which 
the nitrogen was quinquevalent. ‘ This compound was capable of 
undergoing an intra-molecular rearrangement, in which the benzene 


Cl,+Ar.NHAc Ac 


^ci a 

^ I 


HCi + Ar.NO!Ac 


01 


1 

AoNH 

AcNH 



* Rt'porta, 1899. 

^ Recueil des Trav, Chtm., 1903, 22, 290. 


« Trans. Chem. Soe., 1900, 77, 1051. 
« Proe. Soy. Soc., 1902, 71, 150. 
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nucleus shared, assummg an o- or p-quinonoid foim (II). The ub- 
stitutmg tn Uus rSarrangeuient into the o- oi p- 

position. adbereBce of anilines and anilides to the 

ortho>ptnq|^^>>WM aje^tni^ few. li, “ 

i iifi« lOtBU^ioo of UiB^coo^lox as the 

cause of tlite h? on this 

assumption, we dl tho dhl^ w Ijituare of 

the coacenimtioS^ of hjrtlroohka^c tswwentfti|i<te m the 

reactive complex is proportional to of W oonoottratipn of 

the4iydrogcn chlonde ifdt be ionised, tttuSj— 

Ar.NHAoOb ^ 

The discovery (by Orton and Jones*) that an equilibdum existed 
between chloroamine, hydrogen tshloride, anilide, and chlorine, thus: 
K= [chloroamme] CHOI] / [anilide] [Oil] ; or, when the medium is 
65 per cent, acetic acid, or more dilute 

K' s [ohloroamiae] [HOiy/ [anilide} [OI,}, 

showed that otlier factors had to be taken into account. This 
equilibrium may be represented thus : — 

Ar.NHAo+ ca, •;* complex ;j> AnN(aAo+ HO), 

a relation which has been stated by Acree as a possibihty. The facts 
of the case, however, do not appear to require in any way the existence 
of such an mtermediary. 

The discovery of the formation of free chlorine and anilide when 
hydrogen chloride reacts wi& ohloroamide has led iw to a new ni- 
vestigation of the transformation of ohloroamines, and of the process 
of halogenatfon of anUides. ' * 

The Cafalyst. — A great difficulty in the way of tiie * complex 
hypothesis ’ is the fact that hydrochloric aOid alone has the power of 
bringing about the isomeric change pf the chloroamine, Acree beheved 
that other acids, and even chlorine and bromine, were similarly, but 
less powei fully, effective. Hut al<ihagi|d> we have examined Uiis point 
very closely we have not been able to eonfirm his view. 

In dilute acetic acid, when no hydroi^dqido^d has added, the 
change of the chloroamine occurs at first biit lathering speed. 

Hydrogen chloride can always be detects. Thus ui per cent, 
acetic acid after half the chloroamine (mitial coneeatration OWS gram- 
molecule per litre) has disappeared of the (diloriae initially present 
m the cUoroamine is found as hydrogen dmmde. 

The addition of sulphuric acid (ilitrio, peWJhloric, or hydrofluoric 
acid) somewhat increases tlie rifte of change, smfte 10 per cent, of 
the chlorine appearing as hydrogen chlcside durii^the first half of the 
reaction. ‘ 

The action of halogens Was tested in 'carbon tekachloi^de solution 
(Obviously petroleum, which was used by Acree, is unsuitable for 
such experiments ) With acetanilide, chlorine reacts instantaneously 

' Jmer. OAem. Jonm, 1907, 88, 888. 

* Trant. Ohm. Soe., 1009, 98, 14; Seportt, 1000. 
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ition 
Iri^Ye 

0 Guitity of 
pKXto probal^y, ft trace of 


in this solveni, the insoluble p-ehloro-dcnvative separating imm»’ 
chitely. Witli the chloroomine there is no immediate reaction, ilien 
after an inteiraJ, extending ocoftpiftnally to days, beg^, 

which finally a%^ 
of p-chlorp * 
is leftched*! 
of thijit 
whiehlft . 

In ]b<^ 
amhde preset 

some impurity",'' bt iNromide, which then 

reacts 'with the oHdroatodae. -^W'e&Hliain 'tetraoHoride it has been 
shown (by the aapi^ti0n<')$«tbody itr ^ ease of anilides which do 
not chlorinate, that "(he reaction,', Ar.KCllAo-t’HC$B=Ar.NHAo+Cl‘, is 
quantitative. v , 

In the case of bromine the reft^^ns are (after the formation of a 
trace of Kydrograi broi^de} 

Ar-KCUo Iffir » Ar NSAo + BfCl > BrAr.SrBAo + BCl ; 

ArJ7CUo+HCil*Ar.NHAo+C»,j 0I«+Br,»8Br(a. 

Bromine chloride has been shoiVn' to be pteble in earixm tetrachloride 
and other aiAydrottS aolnricms, and te be a ffltwt powerful brominatmg 
agent of anilides. The reactions proceed until the bromide is exhausted, 
when chlonnation'b^ns. < 

These experiments show that chloroemines cannot be directly 
chlorinated or faromins^. ^ 

Comparison of die I^aet AcH^ of OMprint on Conversion 

of CMord^ittes in dirt Preseste of Bj/droc^Jorie Arid. 


1. In gladal ace^ acidithe two processes, chlorine on anilide 
and hydrochlorio aca^od ehteroamiue, ^ve an identical rate of 
chlorination. B is a lotion second opder, for acetamhde 

kn=40, and for p-chloFQti^a^mft In glacial acetic acid 

Ihe equihlmum, Ar.NHAc^iO^jf 'Ar^OlAo+HOl, gives an inappre- 
ciable amount of'Chlorosmine ai^hydnoidiloric acid. 

The effect of small quan^|l4?fl of is*to accelerate the dilorina- 
t ion in a direct ratio. But af|||,t£ft.ftdd^on of 4 to 5 per cent, the water 
begins to affeciy|te eq#U)ri^,fti^.favOi^ the production of chlqro- 
amme and hydl^loric acid«# ^ ' f* ^ 

The speed of chlorinati^ the ^system Is made up of chloro- 

amine and hydrochloric sold a)ill con^aues to increase, but as 'the 
cuive I. shows, c^y^ £o ft- omapositi<m m the nyidlum 92 per cent, 
acetic acid, wlm thft ppft^ hft{dns to Curves II. and III. 

show respefttivftiy amount of 

chlorine and imiude with ^utlcaa of acetic acid. 

2 In diluto acetid" acids the rate of formation of 0-chloro- 
deiivatives is vety different iff the two oases. Qn bringing together 
snilido and. ebloiw a very rapid formation of both 0 -chloio- and 
N-chloro-dsltivative opmrs, a very small proportion of the chlonno 
(measured by aspiration) remaining free in the system. The relative 
proportions of the two compounds, which vary with the anilide amt 
the composition of the medium, is shown in Table I. 



^ of conveision of chloroamine in minatea. 
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DIAGRAM L— Fig. J. 

I. = Change in quarter-period of conversion of aoetylchloroaminc-j^-cblorobcnzeno 
with concentration of the acetic acid medium. 

II. « Ol, +^-chloroacetanilide. 

III. s CI 2 + 2 : 4-dichloroacetanilidc. 



Percentage of chlorine free in the system. 


Gram-molecules per litre of CL or Brj+chloroamine. 
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DIAGRAM L-Fig. 2. 

IV. as Cl, + cLIoroamine, 

V. s Br^ + cliloioamine. 



Time in nicutcg 






m!Qm m tojs emB qw 


op 



The N-chloro-derivative slowly 4isappealrs a||d is replaced by the 
chloimated anilide. ^ 

The conversion of the chloroamine in the presence of hydrochloiic 
dcidt on the other hand, is a slow, regular, apparently monomolecular 
icacfion, the speed of which is, in dilute (bdow 60 per cent ) acetic 
acid, propoifcional to the square of the concentration of the hydrochloiic 
icid Table II. shows, l^wever^ that tb^s relation only holds within 
narrow limits. 

» 

n. 



Under ' n ’ is given ibe values froQi ^eanstien 


whence 




Further, the apparently mononsoleotd^ of the reS^on is not 

maintained throughout the changer Ifhe product, wie enlorinated 
anilide, even when incapable of further chlorination^ exerts a disturbing 
influence causing a decrease of the rate. This Is^WSlI shown in the 
case of p-chloroaoetylchloroaminobensenS, which yields 8: 4-dichloro- 
icetanilide. 







Tune (m MinnteB) 


vmi SOI 


836 ^ 1096 


I Percenta^of chlOro* 1*70 70 

amin^converted 

l«, . ‘ . . . OPWOW 


K^ooor^ o-ooD|« oooore 000072 000072 


In order to understand more lolly the in^enoe of the anihde which 
IS produced on oonv^On ef the ohh>)x>an>ine, the effect of the 
presence of a second aniUde eel the^e^rnlBniupi between chlorine' and 
anilide inust*be coioiid^ed* ' ifv ' 


EquiKbrian ieftMtn Vt^orim and figUem ecffttifitting more than 

' ♦ * - «w ^ y 

If one gram motecotfOTz-^noiKir^Oil of an {dn&de, B, is added to a 
system prepared txam^ ono IBedoovdar proportion of chloroamine of 
anilide A, and one nudeoplar prop^kw,^ hydrochlorio acid, a lapid 
re idjustment ooteurs to a finu^o^iSB^ffun widoh is m accord with the 
i wo equations 


[Oblotoamiaa ] 


A3t0»*l=K* 


Since [C1,T an4 fflBl]* a2e,^5iti«9d tft Iwo equations, we have; 


OhlcawaattifA 





Tn 65 per ccflit. acetio fOl^ & g^ietaUy negligible, and hence 

the relative ohiorqamfne can be easily 

iMM^iable value, the calculations 


calculated. WlMW-thd; 


of the compoaiiabn of Ibe^insiK solution of a qumtic 

equation. . 1'’ . T ‘- 

In 90 pwt c^ ace^O .aoid* and' equihhwMn equation 
contains %e ‘Sm of uM cctacentration of 

the hydrochlottq adld, alia feC iw^dJa w«l <4f ths oomposition is by 
means of a chbio SQua^dn Which dWf him, solved. 51l«s m a system 
made up from Qio]m||tr |Hropdrf^k^ (0’(®6 gtn. mOl. per litre) ot 
5-tribromoacetahQi<k, l^drochlorid &oid and tcetyrebloroammo-p-nitro- 
benzene (or, from p-nitroacetaniUde, hydrooblonc acid and acetyl- 
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(^hl^oaimao- 5 -tribromobenzene), 69 per cent, of the clilorine oiiginally 
wad found to be free, whilst 60 per cent, was the 
For coiSj^arieoH in. the system prepared from 
s-tribj^feph^^ i^d chioimei the free chlorine is 67 per cent., 
whilst prepaied from p*nilroecetaxulide and chlorine, the free 

cldorine ia 89 per cent. ' . 

In the case of p-chloroacetanilide and 2:4-dichioroacetanilide quoted 
above, wliero the value of K (in 65 per cent^ acetic acid) for the former 
is 8*1 and for the latter 4*47, it is calculated that in the system when half 
the cliloroamine has been convertcil into 2:4-dichloroacetanilide, tlie 
concentrates of the anilides and chloroamines are as follows: — 

[p-Cl CoH4.NCUc3=.r2 : 4 ‘.OIpC«H,-NHAc] =0-0072, 
[?;.Cl.C.H,.KHAc] = [2 : 4-Cl, C„H,.NClAc] = 0 0063 ; 

that is the concentration of the chlorc^mine, which is changing, is 
0 0072 instead of 0*025/2=0*0125. 

Chlorination of an Anilide hy Ckhtoamine of another AnUMe. 

The cliloroamine of such an anilide as 2 : 4-dichloroacetanilide is in 
the presence of hydrochloric acid a chlorinating agent for acetanilide. 
Thus in 65 per cent, acetic acid rapid clilorination follows the addition 
of a 'gram molecular proportion of acetanilide to gram molecular pro- 
portions of the chloroamine and hydrochloric acid (where 6 per cent, of 
the chlorine is free). The chlorination is far more speedy, A, =0*42, 
than in the transformation of acetylohloroarainobenzone, =0*0026. 

In 50 per cent, acetic acid, where a far smaller percentage of 
chlorine is* free, k*== 0*00039 for the transformation of the chloroamine, 
and 0*01 for the action of the chloroamine on the anilide. 


Measuremeni of the speed of (he Opposing Meaciions in (he Equilibrium ; 

In [Ar.NHAc] [O J = i^ni [Ar.NClAc] [HCl]’. 

Since the action of chlorine on acetanilide is very rapid the chlorina- 
tion of acetanilide by a chloroamine and hydrochlorio^'acid gives a means 
of determining the value of the co-efiBipient since flm is 

known also the value of i*n« When till concentration of acetanilide 
IS so large that the velocity of the chlorination is not increased by 
further rise in the concentration of the acetanilide, it is obvious that 
the speed of the total change is controlled by that of the interaction of 
the chloroamine and hydrochloric acid, the slowest step in the series. 
That is the speed, of the chlorination =4^ [chloroamine] . [HOI] The 
chloroamine alone varies in concentratron, hence the velocity of the 
reaction is expressed by an equation of the first order. For two deter- 
minations of the amount of chloroamine, p and q, at times t and we 
have therefore : — 

or 


The values of hn afid are shown for a number of anilides in the 
following table (V.). 
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TABIiE V. 


Anilide 

MediiUB* 

Aoia 

% ^ 



. ‘ • 

ji^Ditroacatattilide • • 

bO" per emit* 

lot 



^-chloroacetanilide « 

ftO per C6nt» 

46 




/^-cbloroaoetanilide ^ 

B5 pae 

62 

81 

178-2 

2 : 4-dicbloroacetaidUd6 

55 per eentr 

155 

[60-$?] 


2 : 4-diohloroace|aniUdB 

65 per cenV 

01 




The IrUeraoHon of Acetanilide with and 

Hydrochloric Add. 

The effect of the presence of an anilide on the conversion 
of tlie corresponding ohloroamine — for example, of acetanilide on 
tlio conversion of aoetylchIoroaminobens5ene> or of p-chloroace- 
i imlide on that of the acetylcEloroamino-p-chloiobenzene — is small. 
In the first instance, owing lo the equilibrium, the concentration of 
the cliloroamine i$; inci'eased and tliat of free chlorine reduced. But 
•n 50 per cent., or e^en in 65 per cent., acetic acid, the proportion of 
flee chlorine and anilide is so small that relatively little alteration of 
'•oncentration of the chloroamine is brought about, but the alteration 
in the chlorine is considerable. Thus, taking as an example the system 
made up from p-chloroacetanilide and chlorine, the proportion of free 
chlorine is 0*4 and 5*3 per cent, in 50 and 65 per cent, acetic acid 
'espectively, but on adding one molecular proportion of the anilide 
his drops to about 0'2 per cent, in the latter medium. The velocity 
)f chlorination increasses in the ratio 1’19/1 in 50 per cent., and in the 
,itio 1*22/1 in 65 pef cent. With acetanilide, where the proportion 
)£ free chlorine is somewhat less^ the ratio of the velocities is 1*13/1. 

When acetanilide and the chloreamine of p-chloroaoetanilide inter- 
ict in the presence of hydrochloric acid the result is very remarkable 
incl instructive. The acetanilide is alone chlorinated; the amount of 
* : 4-dichloroacetanilide is insufficient to admit of detection. On coin- 
)anng the velocities the remarkable character of the reaction is made 
noie clear. In 50 and 65 per cent, acetic acid the reactions are of 
lie fust order. (Diagram II., figs. 3 and 4.) 

TABlr* VJ. 



ki in 50 
per cent. 

ki in C5 
per cent. 

:4.01,O.H-NHAo. . . 

C.H,.NClAc+HCa-*o.Bad«.Ca.C,H4NBAo . . . . 

NClAc+HCl +O.H,.KHAo-* »• and p.Cl C,H, NHAc 

000053 
0*00039 
0 0016 

00023 

0 0026 

0 0092 


In both media the speed of chlorination of acetanilide by the 
hloioamiue of p-chloroaoetanilide is far more rapid than the oon- 
orsion of the chloroamine of acetanilide into the isomerido. In 50 per 
ent acetic acid the oonversiCn of acetylchloroamino-p-chlorobenzene 
s faster than that of acetylchloroamindbenzene. Although the experi- 
neiits on the changes occurring when an anilide is added to a mixture 
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the chloroamine of another anilide and hydrochloric acid, stiow that 
iri'^thie case the chloroamine of acetanilide may be formed, yet tlio 
relation of the velocities of the C-chlorination in the various systems 
make it imposi^ible for the chlorination of the acetanilide to take place 
by way of the hhloroamine. If that were the route, the process could 
not be fairer than when the starting-point was the chloroamine of 
acetanilide. Further, when on the other ^hand the clilorofittnine of 
acetanilide and hydrochloric acid interact with p-chloroacetanilide in 
60 per cent, acetic acid, a slow chlorination occurs, and, in spite of 
the difficulty of isolating small quantities of 2:4-dichloroacetanilide 
from such a mixture, its presence was undoubtedly demonstrated by 
the isolation of the pure xrraterial; that is, some chlorination of 
p-chloroacetanilide took place. 

Meclianism of Chlorination (and Brominalion) and of the Conversion of 

Chhtoamines* 

Tlie^experiments recorded in the foregoing leave no doubt that the 
cliloroamines cannot be regarded as even occasional intermediaries, 
luuoli less necessary intermediaries in chlorination. They would 
rather appear to be by-products.* 

The residual valency of the nitrogen atom was urged by Annstrong 
as the prime factor in bringing'^'bout the initial union of the substi- 
tuting agent and the anilide. Such a substance would be, in chlorina- 
tion, the compound, Ar.NHAcfJIa, identical with the complex formed 
from chloroamine and hydrochloric acid, already referred to. 

If the existence of this reactitfie complex be assumed, our experi- 
ments enable one to deduce a number of its properties. 

(i) The action of chlorine on acetanilide and p-chloroacetanilide in 
various dilutions of acetic acid, show that the rate of formation and 
of change of the complex into the substituted anilide must increase 
rapidly with dilution of the acetic acid. 

(ii) The concentration of the complex (in any case minute) must 
rapidly decrease with dilution of acetic acid medium, in a system 
which has attained eqiiilibriunf, smee the velocity of 0-chlorination in 
a system prepared from chloroamine end hydrochloric acid decreases 
with the dilution. 

(iii) Inasmuch as the rate of O-chiorinktion in diluted acetic acid 
is so markedly faster when chlorine and anilide are allowed to interact 
than when the system is prepared from chloroamine and hydrochloric 
acid, the rate of change of the complex into a 0-ohloro-derivative must 
be greater than into the N-chloro-derivative;-— 

Ar.NCIlAo+HCL 

Ar.NHAcCI, 

ClAr.NHAo+H01. 

^ They can only be regarded a9 Intermediaries when hypochlorous aold acts on 
an anilide, for then the chloroamine only and no C-ohloro-derivatlve is formed. 
Introduction of hydr^en ohloride Is roqniredi Iff^veri for the conversion of the 
chloroamine into the C-ohloio-eompound, 
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On the other hand, in acetic acid of hig^ concentratio]a, 90 to 1'<A) 
f)er cent , the rate of change of the complex into chlorine ah(f amJide 
must be much faster than into chlorinated anilide ;-~ 

OrAir,NHAa+HCl 

Ar.NHAc01, , 

01,+Ar.NHA6} 

» '-h 

for ilie rate of C^cblo^nation i# tfee same tvhetheir the system is made 
up from chloroamine and itydrogea chloride or from chlorine and 
Qiidide. 

(iv) The complex formed from acegmihde ixsisi be compared with 
that formed from p-chlonj^lpetamllde. Since'^be speed of chlonnation 
of acetanilide is very muw greater (200 times in glacial acetic acid) 
than that of p-chloroacetanilide» the rate of formation of the complex 
from acetanilide and of its transformation are the more rapid. Nevei- 
Iheless m dilute acetic acid, 50 per cent., the rate of conversion of 
acetylchloroaminobenzeoe (fe, ;pO*OO 089) is slower than that of acetyl- 
chloroamino-p-chlorobenzene (fc^a=0•00063); hence it must be assumed 
that the complex is produced at a sloWllr rate from hydrogen chloride 
and acetylchloroaminobenzene, or, wha,t would have the same effect, 
its concentration is very much than in the case^of p-chloro- 

acetanilide Moreover, the contrast Is emphasised by the fact that the 
speed of chlorination of aeetanilhkf ^ the chloroamine of p-chloro- 
acetanilide is relatively high, H$re a mu^st be assumed tliat the very 
fast formation (and rearrangement) of ^he compound of acetanilide 
and chlorine, the latter being $et by the reactions 

^ 01,C,H,NHAo+HCa 

^ Cl CgHiKHAo+Q , 

keep the concentration of thn eo^'p^btdia Gl.O«B..NllAcCli, at vanish* 
ing point and thus pre^vent th« formation of 9:i‘dichloroaodtanihde. 

4ot^ tif Halogen <m AnUiie 

^ or on a 

It may wall be asltcd ^ifh^faeF of chlorination and the 

transformation of ^ chbioamiued for their interpretation tlio 

assumption of the existence of a coi^pl^ trith niany>8idM characteis 
.md capable of undeigOTjg Rn iatr^oleculsr rearrangement in which 
the wandering group is a dhlorihiif 

The specific part playe4 the nyari^^ chloride in ttie transforma- 
tion of the chloroamine, and ^ the fait ^at this leagent causes the 
production of chlorine and aniltde, and the results of numerous experi- 
ments, which may he summarised in the statement — whenever chlorine 
and anilide are present at maximum concentration the speed of chlorina- 
tion IS highest — t^e more, or at least as, simply accounted for by direct 
interaction of chlorine and anilidd. 

An example may be found in tbe%latu>n between the rale of con- 
version of the chloroamine and the concentration of the hydrogen 

1010. * a 
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BKFOBTS ON XlfB STATE OF SCIENCE. 


The Study of laowhffihous Svdphonic Derivatives of Benzene . — 
Befort of the Gommiltee, consisting of Principal Miebs {Ohairman). 
and Professors H. E. Abmstbong (Secretary), W. J. Pope, and 
W. P. Wtnnb. 


Im the previous repoi't it is pointed out that a clue to the interpi’eta- 
tioii of the results put forward in earlier reports had been found in 
tlie theory correlating molecular structure with crystalline form recently 
advanced by Messrs. Barlow and Pope. 

Dui-ing the past year the results obtained by the examination of 
twenty-nine derivatives of the 1:4 series 'have been discussed from 
the point of view of this theory and fomd to be in complete accordance 
with it. The infbstigation is publish^ in two papers printed in the 
current August number of the ‘ Transactions of the Chemical Society. ’ 
It is hoped that the examination of the ortlio- and meta- series will 
he completed during the coming year and that it will then be possible 
to summarise the results of the i&quiry in a final report. 


Erratic Blocks of the British Isles. — Befort of the Committee, con- 
sisting of Mr. R. H. Tibdehan (Chairman), Dr. A. B. Pwebbyhouse 
(Secretory), Dr. T. 6. Bonnet, Bfc. P. M. Bubton, Mr. F. W. 
Habheb, Rev. S. 1^. Habbison, Pr. J. Hobne, Mr. W. Loweb 
Carter, Professor W. J. SoUiAS, and M^bsis.W«. Hill, J. W. 
Statheb, and J. H. Milton. 

Bkpobts have been received during the year from three districts, in 
each case through a local Society : The University of Durham Philo- 
bophical Society, per Dr. Wocdacolt; the Hull Geological Society, per 
Mr. J. W. Stather, P.G.S., and the Belfast Naturalists’ Field Club, 
per Miss Mary K. Andrews. 

Nobthumbeblano sitb Pubiiau. 

Reported by the Bouldebs Committee of the University of Durham 
Philosophical Society. 

(1) Reported by Da. Woolacott. 

(a) Old sand-pit. North l^oor Lane, Silhsworth, n^r Sunderland : — 

Volcanic aeriea of Borrowdala.* Cheviot porphyrita. St^aral graoitea. 
Coal. Magneaian limeatone (muneroua). 

(h) Sand-pit near Bainbridge Holme Farm, Durham Eoad, near 
Simdeiland : — 

Whin hill. Groywacke. Volcanic series of Borrovrdale. Magnesian 
lime‘)tone. 
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0) Ijyw’g loose, Colley Gill plantaiion, Silksworili:— 

Coal so poi^byt%, 

(d) Gravel and sand-pit, Ilaverley House* near SeatOo:-^ 

Flint, 

(«?) Lying loose, StotWd, near Seaton: — 

Whin Sill. Granite. 

(/) Boulder clay, Saltorfen Eocks, coast south of Sunderland : — 

Volcanic series of Borrovdole. 

(gf) Boulder clay, Oarley Hill, near Sunderland : — 

Volcanic series of BorroVdale. Greywacke. 

(h) On the shore, Beadnell :«*- 

Large boulder of Trachyte. 

* 

(i) Boulder clay, Kenton Quarries, near Newcastle: — 

Threlkeld * granite** Cheviot granite. Cheviot porphyrite. 

(2) Reported by Db. Smitkb and Db. ^ool\cotj. 

(а) Lying loose, west of Seaton Station : — 

Coarse agglomerate (1 foot). Basalt. Coarse granite. 

(б) Lying loose, nfear Sharpley Sail, Seaton : — 

Threlkeld ‘ gfaitiite * ‘‘cubic feet). Sandetone. Whin Sill. Vol- 
canic series of Bon^wdale. Carboniferous limestone. 

(c) Lying loose, end ql Green Lane, Sharpley Plantation, Seaton : — 

Whin Sill. Volcanic series of Borrowdale (3).* Greywacke. Granite, 
grey* T|u^keld * granite* (2 cubic feet). Sandstone. 

(rf) Lying loos^, Great Eppleion Plantation, near Warden Law : — 

Rhyolite. 

(^) Old gravel-pits, south«vr©sl of WardSh Law:— 

Greywacke (several)a (fehert, Sandstone. Granite Poiphynte 
Volcanic series of Borrpwdale. Magnesian limestone. Car 
boniferotis limestone, 

(3) Reported by A. Bann, Bishop Auckland. 

(a) Byers Green, Boulder chy, north-east of Bishop Auckland 

Grey granite (Criffel). VolciUtuc teries of Borrowdale. 

(h) Near Rivei* Gaunloss, a mil? south-east of Bishop Auckland: — 

Shap granite. I^oloanic series of Borrowdale. 

* The numbers placed after some of the specimens refer to number of speci 
mens of that rock noted. The siae of the Bpe<imcn is given wherever it ii 
noteworthy. 
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O ' (4) Repotted hy G. , 'Weya|an. . 

^ tfir^. Stob mi, near barlow Hill :— 

' (b) 

hnoir VolcMiic series of 


Grey, granfte 

fiorrowdsIefy-Cii*' ' 


-BTT-- p«i»i‘y»y 
„ JBofrowdftlo 



Biitt^eW' . 

bomfer^m:^ 

igne<^‘ rec&r of di^ 

... 

(a) Swinbu^'s-oiajrJ^^JJ^^lg^^ 

Ari^both 'ly V^ 


Xb) Billy ‘ Mill Quaiiry, 

-Grey Gran^. '... 

(f^\ BvpfiliWJP.1r C!Ifl^' T^ltu .It'X ^Anir'Afnrk^l ■ 


(c) Presliwick Cl«y;Pi|jj^-i4’ 
QUrti ./•bit£'k'^Polsi!d$r 



—.1 -!.!_■ -llO" 0 1 ■•'»_. 


(c) BouWer;clay;.I^^ 

Mica andesite 

{d) ^oulder eVay,’ HI((J)t^i.;«j^ 

J Quartz 

Dolwit^ " 

(/) Erratic 

Augite gnutiie {Cl»(^ol^t''>J’J'jS?:'‘' ' ' 

(g) Kaims, near N6rth OKarlt^^;-^ ! 
Greywacko. Gramie^/iF ' 


irWansbeck: — 


(h) Kaims, Bradford, near Balford':^ 

Syenite (8). Greywacj||e. Quad's felrii^i < Andesite. ' 
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(t) Kaims, l-'enrother, north-west of Morpeth : — 

Greywjich;^ (S). ;%yemte (4). Grahijle (4). 
site .(8).: ’’Mica, porphyrite (2K,. ■ 

(/) Boulder . ^ 

(2). iA|dwite^T': ; 

.. .. 




(n) Bo.ui^er:ci^|^^)^'i!^^iU^^ Wad of Wansbcck ; — 

(Horfowdale ?) (3). 
Qtwrtz poiphyritc. 

(o) Kaims'/, 

Greywi^^:(4]^Sy!i^fca.;P^ (lisj, ;., Andesite - (Borrowdalo ?) 




JUSFORTS ON THE STATE OF ECISNOB. 


m 

Reported by the Uvus GmuOoiciOi Society. 

J^bompson, reports that he has obtained from the 

boulddr pt Holdernesa, chiefly from the neighbourhood of Ald- 
brough, amm^tes representing all the zones of the Yorkshire Lias. 
In addition rectet work has yielded at least twenty species new to York- 
shire records, or only doubtfully inserted therein. 

Mr. S. S. Buckman has named ninet^n of these specimens, and 
they include at least four species new to science. 

The excavations for the new dock at Marfleet, near Hull, have dis- 
closed some fine sections in the Humber warps, forest beds, and under- 
Jying glacial clays. From the latter, two boulders of shap granite have 
been obtained, the larger of which measures 16 x 14 x 12 inches. 

Mr. Stather reports that, as a result of the work done by Dr. V. 
Milthers on the Scandinaviai^ boulders found in Denmark, and the 
examination of type rocks with which Dr, Milthers supplied him, he 
has been able to recognise several types not previously recorded from 
the Yorkshire boulder clays. 

Dr. Milthers recognises many Scandinavian erratics in Denmark, 
and divides them into five classes : — 

(1) Those from Christiania district. 

(2) Those from Dalarne district. 

(3) Those from Scania. 

(4) Those from Eastern SmSland. 

(5) Those from the North Baltic, Aland, &c. 

It is, of course, well known that rocks from the Christiliiia district 
are of common occurrence in the drifts of our East Coast, and with 
Mr. Milthers' specimens for reference three new records have already 
been made, and it is hoped that it will be found possible to identify 
many of the other rocks. 

The new records are — 

(1) Bredvad porphyry from Dalarne. 

(2) Gronklitt porphyrite from Dalarne. 

(3) Bed Sarna porphyry from Dalarne. 

Mr. Stather expresses the opinion that the Dalarne rocks will be 
found to be quite as common in tlie glaciil beds of the East Coast as 
are those from the Christiania district. 

IRELAND. 

Reported by the Committee of the GaoLoaicAii Section of the Belfast 
Naturalists* Field Club. 

The Committee redbrd the extension of Ailsa Craig Blebeckite-eurite 
to Coleraine (see below). 

do. Anmffh. 

Armagh {culling through boulder clay, Light Railway, near 
Aiinagh). — 230 boulders noted; 64 per cent, were erratics, and incUided 
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CO basalt, 22 sandstone, ^8 schist, 12 quarts, 10 porph^l^,<l^^^blltitic 
rock, 1 jaspsr, 1 syenite, d Permian, 1 ligmte, 9 chalk ahdJiiit, 2%i^, 
1 felsite, 1 gneiss, li^uartzite. The subjacent 
limestone. The preTailing directions of the parent' N, or 
N.E. ; two are N.W. 

Eoraminifera |pund in the clay.^ 

Armagh (Esker S.W. of Oartick-a-louj^ran Quarry). — ^100 pebbles 
noted, 35 per cent, were erratics, and inclmed 24 basalt, 6 mica schist, 
4 quartzite, 1 flint. A fragment of Balanus was also found. The 
clayey sands yielded foraminifera. 

Alisa Craig Eiebeckite-eurite, petrified wood from Lough Neagh, 
and foliated gneiss have also been recorded from the Armagh Drift. 

Co. Tyrone. 

CooUhlown (Quarry and railway cutting). — ^About 240 feet above 
sea-level. Subjacent rock. Carboniferous limestone. 112 boulders 
noted, 25 per cent, erratics, comprising 8 basalt and dolcrile, 1 granite, 
3 felstone, 1 aphanile, 11 quartz, 2 quartzite, 1 schist, 2 grit. Pre- 
vailing direction of parent rocks N. or N.E. ; one granite, probably from 
S.W. Foraminifera found in the clay. 

Co. Down. 

Amadale and Messrs. Martin’s Brickyards (on right bank of Lagan). 
Cliifs about 40 feet high of stiff stratified reddish-brown boulder 
clay. Subjacent rock is Trias. Erratics noted;j-a large number of 
basalt and chalk, also 9 Ailsa Craig Eiebeckite-ourite, 2 rhyolite 
(Tcmplcpatrick), 3 eurite (Tomamoney), 3 schist, 3 gneiss, 1 gabbro, 

1 Carboniferous limestone, 2 greensand, 2 chert, 1 granite, 1 Silurian 
shale, 1 White Lias (Larne), 2 Carboniferous sandstone (Ballycastle), 
3 Jjias, 1 Felsite, 4 Magnesian limestone. 

Cretaceous and Lias fossils were noted. The sand intercalated in 
the boulder clay yielded fesraminifera. < 

Co. Antrim. 

Lisburn. — Esker; subjacent rock Trias. Erratics comprised basalt, 
granite, porphyry, poqihyrite, clay ironstone, grit, conglomerate, 
quartzite. Prevalent direction of parent rocks N. and N.E. ; one 
fiom N.W. * 

Ballymena District. — ^Eskers at Drumfane and Broughshane. Sub- 
jacent rock, basalt. Boulders at both places mostly of local origin. 
Out of 100 noted at Drumfane, 70 were basalt, 21 niyiflite, 4 chalk, 

2 flint, 2 dolerite, and 1 Cushendall porphyry. Out of 100 noted at 
Broughshane, 76 were basalt, 4 flint, and 20 chalk. 

• Co. Londonderry. 

Coleraine : ' CarthaJl Brickworks. — ^Boulder clay and sand at one 
I)it in vertical bands. Subjacent rock, basalt, very few boulders, 
these included erratics of chalk, flint, slate, and porphyry. The sand 
was examined and yielded foraminifera. 
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CoUraine: Spittle Hill Quarry . — Subjaccfht rock basalt. iJeddish 
boulder day, varj’ing in height from a few ui) to 20 feet. 100 hi udders 
noted, 42 per cent, were erratics, comprising 1 Ailsa Craig Eieb.'ckite- 
eurite, 24 flint, 6 quartzite, 3 granite, 2 eurito, 4 bole, 1 C|iiartz, 
1 bauxite. 

Porlstetoart : Savdhillg. — En'Stics noted — ^Ailsa^'Craig Eicbfckite- 
eurite, granite (probably from Barnesmore Gap, Co. Donegal), poi- 
phyry from Gushendun, eurite from Tomamoney Point, quaitzito 
from Gushendun area, gneiss, ohalk, flint, sobibt, chert, also granite, 
probably from Clyde area. 


Mr. Bobert BeiiIi reports fo(^',a Oirt^miferous coral, 

Lithostrotion Portlockir, in boulflei* e^siQ,tv|tii hbctit seven feet 
of peat, at Sluggan Bog, Dram4bugb, Oo. 


Fauml Sticcessionm^IamrCatiomfH^ tmeikme {dwnian) of ‘the 
Britishlsks,— Report of theComm^ee, eonskting of ftofessor J. W. 
Gregory {Chairman), Dt. A. Yahghan (/Secretory), Dr. Wheerton 
Hind, and l^ofessoc W. W. 'Watts, appointed to enable Dr. A. 
Vaughan to continue his Rmwrchee thereon.^ (Dratm ^p by the 
SecrOarfp) 

Lower Garb'mifetoUs Zones. -^Ptfonal Cortehiion of the Dinantian of 
Belgium with the AvOj/Mn of Britain. 

I was able, in the summer of 1900, to study the most important 
seqaeaoBS m the Lower Carboaiteroaa of Belgium; the subjoined corre- 
lation is the result of obserratiwi then mode. 

My thanks are most geateiuU^ tend^ed to those who so ungrudgingly 
devoted their time^ to my as4itanoe; to Mr. O. Del4pine, of the 
Catholic University of Lille, who planned the itir^rary and accompanied 
me throughout my visit; to Mr. A* C^Tpentier, of the same University, 
who conducted me over i&e Avemes dtfkHot of N.E. France; to Dr. 
F. Kaisin, of the University of Louudo} lasThkl guidance in the Dinant 
district; to Mr. P. Deatinsz, of ttm Uhtyer;^ of liege, for help at 
Vibd pnd in the stud||fcof his /sdlMtion; to Dmn. F. Beds f<a: help at 
Maredsous and in the abbey collection; ^d toFrof. H. Dorlodot fpr the 
gift of papers and books. < 

In the matter of stratigraphieal terms end indices 1 have, neces- 
sarily, adhered to ihe official publioatiim, 'Li^ldde de la .Gartc 
g4ologique de la Belgique (1900;/ utroduemg^e notation of 
Dorlodot for two new terms, Tld and f^o. 

For the most recent and aulAioritative e^xmat of the BIflgian rocks 
and of their stratigraphioal relations reference hSs been made to two 
inntally supplementary papers by Prof. Dorlodot, entitled ' Les Faunes 
du Dmantien et lenr significetiop stratigfaphiql^,’ * shd * Description 

> Butt. See. helge de G(ol„ t. xxUi. (1900), Vt6m. 
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bucciiicte des Asbi/es du Calcaire carbonif^re de la Belgique et de leurs 
piincipaux facies lithographiques ; additional details have been 
taken from an eai lier paper by the aame author, ‘ Le Oalcaire carboijii- 
f6ie de la Belgiqiio/^ 

Fossils are employed in the works above cited in two- ways, viz. : — 

(a) In the recognition of levels by the maxima of particular forms or 
groups (identified by approximate formula?), e.gf., Spiriferina'' octopli- 
cata/ Productus * Cora.* 

This method, em^oyed without check, is subject to largo errors of 
identification and ol range: th^s Spinferina * ootoplicaia * ranges 
throughout Z and tyid may occur at any levft within this range should 
conditions be ^ U ^ 

(b) Ik tbe a new fauna with the k^i^wn 

faunas Of Touirwl \ . 

This melhoi^l) ta)^ feo adconnt of the identity* of genera duo to 
similarity of j^haSe^ lor' 6Scihlf)Ie, the Waulsortian facies is for this 
reason more similar to Vil5 than to Tournai, (2) It does not weight 
fossils according to their abundance; and (3)dt takes account of persis- 
tent gentes which happen tc)%© unrepresented at one of the localities, 
but are present at the other, s.jf., Pugnax {Rhynchonella) pugnus would 
count as Vis6an, although common in the Middle Devonian. 

Within the present yeaar two attempts have been made to compare 
the faunal se^ence i||JBelgium with that of the British Isles, namely : 
(1) ‘ Oalcaire carbonltere^de Belgique: Comparaison au Sud-Ouest de 
TAngleterre/ by Mr. G. Del6pine,®^and (2) ‘Comparison entre les 
couches du Calcaire carbonifere de Belgique et celles de TAngletorre,' by 
Dr. Paul Grober, of Strassburg University.® 

Mr, DeWpino bases hi® partition of the series upon the recognition of 
fossil ‘ bands * to assemblage^), each of which characterises a par- ' 
ticular level {urmer usual conditions); the range of a species or gens is 
intentionally neglected. f 

This method, which is essentially t]^t involved in the use of * marine 
bands ’ in the coal measures, laads to highly satisfactory results so long 
as })hasal conditions do not introduce a strange fauna, and so long as no 
greater accuracy of position is sought than that involved in the H|rge 
zones now in use, Thp considerable number of forms necessary for the 
identification jpf a Jiaud supply .the necessary correction of errors of 
identification, *tod no greater palsSontological aptitude is demanded than 
is involved in recognising a broadly forigaulated species. The results set 
out by Mr* Del4pine are i|L general aopord with the subjoined correlation. 

Dr. Grober deals only with iiie Tournaisian, but is to be applauded 
for his pioneer attempt to subdivide the 0 zone by means of variations in 
the gentes of Cmiiiia ^xii Cifaths^hylUim 

It is too iOaxly as yet to ^dge of the value of his results. I am 
myself engaged upon the same pr^lem jp course of a minute revision 
of the faunal sequence at'Bunlhgton and Mr. A. Sal4e, of the 
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Notes on Localities {see Place Map, above), 

I. Tournai and Ecaussines : Visdan absent, 

At Tournai : — 

All the quarries are in the Upper Tournaisian and exhibit 
Z-y, capped by Caninia beds of Oj_ age (t.c., beds containing Can, 
cylindrical accompanied by Can, patula and Can, cornucopia). 
The change of phase above Z-y probably took place at slightly 
different times at different points, e,g,, at Allain and Vaulx, but 
as yet the knowledge of ranges is not sufficient to detect 
the variation. 

Near Ath and Ecaussineg : — 

The base of the Carboniferous rests upon the transition beds 
(considered to be uppermost Devonian), and contains the charac- 
teristic /I fauna. 

The Upper Tournaisian exhibits the same zonal range as at 
Tournai — namely, Z-y, capped by Cawiw/a-beds of C,. 

IT. Namur Basin (Valley of Sanibre and Mouse): the Orneau, 
Namur, Huy. 

Ascending sequence. 

Transition beds followed by jS. 

Dolomitisation obscures the sequence up to ; certain levels, 
however, sucli as y-C^i, and Og with Prod, sublavis, have been 
carefully followed by Mr. Deldpine. 

both faunally-and litholqgically, is practically identical 
with the same level in the Brisfol area. 

In Sj, LithosiroMn enters later than in Britain. 

The ‘ pseudo-breccia ' with Prod, undiferus occurs at the top 
of Sj, and is apparently a little earlier than the true 'Grande 
Br^cho ' of the Dinantian. 
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The highest beds, with Prod, tongispinus, can be assigned to 
Upper X). 

III. The Odbthb VaiJiKy (Oomblain-au-Pont). ^ ^ 

1'wo t^Ms oi Toumaisian sequence are exhibited side by sidd : — 

(1) Birage to Liotte. * * • 

The upper part of the transition series apparently contains a 
Carboniferous fauna. 

The shalbs that succeed certainly contain Spirifmm, but the 
accompanying fauna sug^ts a level in Z higher than 0. [Similar 
shales underlie ‘ petit granit ’ at Maredsous.] These 4^hales are 
overlain by Zt^ and the Canima beds of 0^. 

(2) N. of Comblain-au-Port. 

The ‘petit granit' of the Ourthe, Z^, is succeeded by 
‘lamtnosa dolomites/ Cj, similar, faunally and lithologically, to 
the beds of the*tame phase in the Bristol area. 

These dolomites are capped by a calcareous conglomerate 
(Brtche de Gomblain-au-Pont), recalling the megastoma-con- 
glomerate of County Dublin. 

IV. Dikant Distbict (Gorge of the Meuse: Hastitre, Dinant, 
'voir) — ^the type sections of the Dmantian. 

The correiation table give# the main points in the comparison 
between the complete sequence of this district and that of the 
Avon. The following notes may be added: — 

‘ Caloaire d’Yvoir ’ and ‘ Petit Granit ' (when present) must 
both be iaduded in Z^y. 

The Caloaire de Lene of Dorlodot must be correlated with the 
top of tlm Toumaisian by relative position only, since, it is practi* 
cally unrossiliferous. 

The highest black limestones and shales, discovered by 
Mr. Delipine between Dinant and Yvior, contain a well-marked 
Uppw D fauna. 

V. The WAUtiSOBTUN. (The District West of Dinant : Hastikte, 
Vaulsort, MMedsous, |k>$oye.) 

.The leveb suggested for the various BrSchiopod beds are 
deduced from 

(a) the relative predominance of Spirifer and Productus. 
Spirifer predonrinam indicates Toumaisian, as in tibe ‘ rdcif ' of 
Maredaous. 

' (b) Tibe Occurrence of * Visban species ’ of Producfu^, such as 

P. marMrUaceus, e.g., at Sosoye. 

(q) ^ages of strq^turd development. 

N.B.— <dare taken to eliminate certain speciekthat are appa- 

Tently pei^ist«pyt tbroughout the Lower Ca|rpuni|ereus and that 

, recur at evemranewal of simi)^ cooditfoDt, t.g., Pugnax acumi- 
nata, var. pUdata, and Pu^mUt pugnus among Brachiopods and 
Amphxus coralloides among Corals. 
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VI. Wist. 

The whole of the Carboniferous limestone of Visd belongs 
to iho Upper Dihnnophyllam zone, for the lowest beds (said to 
1‘est iwconformably on tho Devonian) contain Dibunophyllu and 

Dcnsiphylla of Upper D habit. 

The higher limestones contain species of Dihunophylla, 
Cydophylla, &c. , which ally them to the coral beds of Derby and 
North Wales. In accord with this is the fact that the Brachio- 
pods are identical with those of tho Brachiopod. beds of 
Wciton, &c. 

Vis(^ is the only locality in Belgium at which a characteristic 
D coral fauna has been discovered. In N. France, near 
Avosnes, the uppermost limestones with Prod, latissimus contain 
an identical ccu^al fauna indicating D,-Dy. 


Investigation of the Igneous and Associated Rocks of the Glensaul 
and Lowjh Nafooey Areas, Cos. Mayo and Galway. — Report of 
the Committee, consisting of Professor W. W. Watts {Chairman), 
Professor S. If. Reynolds {Secretary), Mr. H. B. Maufe, and 
Mr. C. I. Gardiner. 

]\Ir. C. I. Gardiner and the Secretary completed their field-work on 
the Glensaul area in April 1909, and their paper was published in 
the ‘ Q. Journ. Geol. Soc.,* vol. lx.vi. (1910), pp. 263-279. At tlie 
same time they commenced w^'ork on the rocks of the Kilbride peninsula 
(Lough Nafooey area), and have devoted three w'eeks in July and August 
1910 to a continuation of the work, which is not yet completed. The 
general structure, how^ever, of the Kilbride Peninsula may bo briefly 
described as follows. The southern and eastern part consists in tlie 
main of Silurian grits and flags, dipping with great regularity in .r 
general south-easterly direction, and including a highly fossiliferous 
Upper Llandovery horizon. The northern and western portion con- 
sists principally of igneous rocks — quartz felsite, vesicular andesitic 
rodks, labradorite porphyrite, and coarse breccia. As yet the only 
fossils found in this part of the area arc a few Didymograpti and a 
crustacean, probably a species of Oaryocaris. In the south-eastern 
corner of the peninsula is an area of gneissic rocks against which the 
Silurians are faulted. 


Composition and Origin of the Crystalline Rocks of Anglesey. — Fifth 
Report of the Committee, consisting of Mir. A. Habeer {Chairman), 
Mr. E. Greenly {Secretary). Dr. J. Horne, Dr. C. A. Matley, 
and Professor K. J. P. Orton. 

The end of tlie present geological wqrk upon Anglesey is now within 
sight. The map will, all being well, be completed during the coming 
autumn, after w^hicli the descriptive memoir will bo the only undertaking 
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)t importance. While this is proceedings Mr., J. 0. Hughes will devote 
icarly all his available time to such analyses as are likely to throw light 
ipon the origin of widespread types of rock in which metamorphism has 
)roduced such complete reconstruction as to efface all traces of original 
iedimentary or igneous structures. 

Of these rocks two have been attacked during the year now past, with 
he following results : — 

No. 519a. — Great Jasper, Newborougli. 


I. II. 

SiOa . . . . . . ' . . . - 93*51 93-54 

FeaOfl 6*00 6*52 

Alkalies none — 


100*11 100-06 

This is an unusually large jasper, occurring in a limestone associated 
vith the ellipsoidal diabase lavas. 


No. 231a. — ‘Basic Schist, Capel Soar, Bodorgan. 



I. 

II. 

SiO. .... 

. 4 . • • . 45*83 

4G0a 

TiO-i .... 

4 » . « * « traoe 


AljO, 

■ ••4.4 17-4t> 

17-34 

Fe^^Os .... 

4-64 

4-73 

FeO .... 

7-52 

7*46 

MnO .... 

. 4 4 « • 4 ^raoo 

— 

CaO .... 

11*14 

10-96 

MgO .... 

• ... 4 4 8*37 

8*21^^ 

. . . . 

0*10 

0*12 

NaaO .... 

. • 4 4 . 4 2*88 

2-84] 

HaOtatllO^*) . . 

0-21 

0-28! 

HaO (above 110°) 

2-23 

2-20] 


100-43 

100-20 


This is a rock, now completely reconstructed, whicli is certainly 
Icrived from the same lavas in another district. 

Besides these the following miscellaneous rocks have been analysed 
311 account of . their special interest : — 

No. 426a. — Ophicalcito; Holyhead Island. — Tliis is the beautiful 
' Mona marble,* associated with the Serpentines and Gabbros: — 



T. 

ir. 

Residues insoluble in HCl 

16-35 

18*29 

Soluble Sipa 

0-60 

0-41 

AlaGa-f-l^^sj^B ... 

917 

8-31 

CaO 

. 38*88 

38-78 

MgO • • . . . 

COj • ' • * * • 

IlaO undeterniiiicd » 

2*44 

1*98 

31*08 

31*12 

98-52 

98-89 


As the- above analyses indicate, digestion with hot HCl is not very 
suitable in this case. The rock evidently contains silicates which aro 
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(lecomposod by the acid, and it was found impossible io oblam coil- 
cordant values, espocially for the insolublt*. portion and for I he m.'t^jncsia. 
lb was therefore decided lo try acetic acid instead, since this a( i<J dis- 
solves calcium carbonate but does not readily attack silicates. This 
method, as tlie following analyses indicate, was very successful, and is 
evidently suitable for the analysis of metamorphic limestones cont aining 
silicates : — 


Roflidues insoliildo in acetic aciil 
Al-iO.^-pPVaO;) . . • . 

CaO 

MgO 

COj 

H2() 

I. 

. . . . 28*21 

. n-08 

. . . . 38*89 

. . . . 0*53 

. 31*08 

. . . . 1*08 

IT. 
28*14 
01 7 
39*01 
0*40 
31*12 
1*13 


99*87 

100*03 

Percentage CaCOs 

. . . . 69*44 

60*00 

0. Red Limestone; 

Tyddyn Dw, Amlwch, 


ReBiducs insoluble in HCl 
A1.2().H+Fe20g .... 

CaO 

MgO 

CO 2 

I. 

. . . . 14*97 

. . . . 4*30 

. . . . 27*51 

. . . . 14*84 

• • • . 38*05 

II. 

lB-13 

4-24 

27-60 

14-82 

38-10 


99*07 

99*95 

Percentage CaCO.^ . 

. . • . 49*12 

. 31 10 

49*28 

31*12 


Several masses of peculiar limestone of this type occur in the schists 
of the northern region. 

Ko. 550a. — ^Ironstone in Idandeilo shales, Llanbabo. Only the iron 
has been estimated in this rock; the actual state of combination has not 
been determined: — 

I. n. 

Total Iron (calculated as FeiOa) ... 20*94 27*04 

This is an ironstone, sometimes Very oolitic, which occurs in the 
Neiiidgraptus gracilis shales, and may be of some importance. 


c. Massive Grey Ijhncsto^ie, in Old Red Series. 


Residues insoluble in HCl 

I. 

9*11 

II. 

9.04 

■A.t20;|-|-Fe.2()jj 

0*88 

0-97 

CaO . . . 

. . . « . 50*15 

50*22 

MgO 

. . . . , 


CO 2 

39-59 

39*05 


99-73 

99*88 

’ Percentage CaCOg 

89-55 

89*68 
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^ l^(’(i I .Uhf'slnii{\ lU ! ii 

llrsidiics in HCl 

Al.O., 1 . 

C;i() 

l\r-^( ) 

C( 


l*cic('nl..a"<* CaCO, 


saiiii' bi'ily CiS 


I. 

II. 


jr>*72 

. 


. 41 -ss 

4 1 •}):} 

. :mi 


. .‘Riaio 

:3«-7 1 



. 74-7S 

74-87 

. Croli 



Bodi lli(‘ ;il)()vn rofks :irc fioni ilic* IViirlioslligwy district. 


Dohjiniic. — From shore avd of l^orlh Pcnmon. 



I. 

ir. 

Reaidiies insolublti in 11 Cl 

. O-S;") 

0 89 

Al,(),-1-K<',(),, . . , , 

. . . . 2-08 

2-02 

CaO 

. . . :io-n 

:50-os 

Mf;() 

CO^! 

. 20-84 

20-86 

. 40-48 

40*44 


J 00-42 

100-20 

1’orcent.agn OaCOi 

. . . . 5:1-87 

r>;i*7i 

-MaCO,, . . 

. 4:i-59 

43*03 


This is ii thick, massive bed in tlie rarhonil^aoiis limosione. 

Tinally, iu a jjeat ash frcjiii (\)rs y lk)l, I Jaiil risaiit , an extensive old 
alluvium, the [)erccTilage <d‘ phosphoric acid lias la-rn dcleianiiiod : — 

r. ir. 

r(‘rocnta.u:i* I'.a')- C7l J'TO 

y\nd one of the \vell-kia>\vn liornldtMido j)icrites of I dandyfrv dog lias 
heen exainmed for nickel, as tlua’c was an imiiressioii that this existed in 
it in s()m(‘ (juantily, hnl jk. nickel was dclca-tcfl. 

All-, llnglavs (k'sircs to |)oinl nut that liis Ii'isui t* for research \\ oi k 
during the past session lias heen rathei* small, and that the greater 
pai't ol his analytical work will he done in llu‘ coming summer vacation 
-- too late, that is, for the r(‘sults to ap[)ea]' in this i-eport. 


I he Eu'caval ion of Critical Sect ions in the Palaozoic Rod's of Wales and 
the of England. — Report of the Conun if tee, consisting of Pro- 
fessor 0. TjApw oiith (Chairman), T\Ir. G. W. Fkarnsidks (Secrefan/), 
Dr. J. E. Marr, Professor W. \V. Watts, ^/;R/Mr. G. J. W'iluams. 

[IVVTU lll.j 

J hint Report on Kdxavalious among the Cambrian Rocks of Comlcy, 
Shropshire, lOOd, hg H. S. Coijuold, F.C.S. 

rnr: excavations made during 1007 and 1008 were reported upon to tlio 
Dublin and \Vinni[)eg Afiadings of the Di'itisli Association. As the funds 
placed at my disposal hv the t/ominiltee appointc'd in l‘J()7 had not heen 

1910. I 
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fully exhausted, I continued the excavations in tlie summer of 1909. 
These excavations form the subject of this third communication, wliich 
is final so far as this grant is concerned. 

The excavations of 1909 extend beyond the limits of the sketch map 
originally printed, and necessitate a new one (see Plate III.). On tliis 
the positions of all the principal excavations arc shown by bold numbers. 
Where a clear dip has been observed, the exact position is indicated by 
tlje point of tlie arrow, but where the dip is uncertain the ])Osition is 
hy n black (lot. hi addition to the lines of all ioads, fejices, 
sf reams, and footpaths, contours have been sketched in at intervals of 
‘20 feet vertical, and a little shading has been added to bring out the 
relief of the surface. The tracks of some of the priucij)al faults, seen or 
inferred during the progress of the excavations, are shown by dot-and- 
dash broken lines, and the general positions of the locks of various ages 
bounding the Comley Cambrian area arc indicated in words. 

With the exception of No. 27, which comes in the central portion of 
the Comley area, the excavations now to be d(‘sci’ibed were made in two 
distinct parts of the area — (A) the Shoot Poiigli side, to the north-east 
of the quarry; (B) the BobiiPs Tump portion, to the south. 

Excavation No. 27, Francis' Field. 

Near a farm south of Dairy Hill and east of Hill House Eidge, there 
is a small prominence on which the soil indicates that rock is near the 
surface. An excavation was made on the west slope, and disclosed 
some 4 or 5 feet of very broken shale, with obscure indications of a 
northerly strike and a high westerly dip. No fossils were discovered, 
and further exjdoratioii near this point was deferred until other more 
promising excavations had been disposed of. 

A. — The Excavations on the Shoot Eouoit Side. 

The report to the Winnipeg Meeting gave details of the beds called 
Shoot Eough Eoad Shales and Shoot Kougli Eoad l^lags at excavations 
No. 20 and No. 21. Leave having been obtained to make openings in 
the fields north of the road, these excavations were extended, and addi- 
tional trials were made with a view to ascertain, if possible, the nature 
of the rocks between the Shoot Eough Eoad beds and the supposed 
Treinadoc of Shoot Eough Wood. 

Excavation No. 20, Shoot Rough Road, Upper Section^ {Extension of). 

A trench was dug at right angles to the strike from the highest beds 
of shale previously observed. The shale was followed for a liori/ontal 
distance of 13 yards, where its Surface sank out of sight under the 
thickening covering of drift. All()\\ing for the dip of ATP to ilie noitli- 
east, the thickness of shale seen would be about 40 feet, and iii this 
no fossils were discovered, nor was there any change in the general 
character of the rock. 

1 Brit Assoc. Report, 1009 (Winnipeg), p. 18h 
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E sea vat ion No. 23. 

The surface feature made by the outcrop of the Slioot Eougli Eoad 
Flags is traceable in a nortli-westerly direction for about 100 yards 
fi’orn excavation No. 20. A trench was opened across this feature and 
continued soutli-westerly to ascertain, if possible, tlie nature of the. bods 
undei’lying the flags. At a])out JH feet below the top of the flags a band 
of rotten stone was touched, yiehling residual nodules of cjdcareous 
sandstone, and containing plentiful remains of Paradoxides rufjiilosna 
C-orda. At about the horizon of this bed the flags graduate into a soft 
greenish micaceous sandstone, like that noticed at the east end of exca- 
vation No. 21.^ A thickness of 3 feet of this sandstone, now called the 
‘ Shoot Hough Eoad Sandstone,* was exposed, but its further down- 
ward continuation could not be ascertained, owing to the increasing 
thickness of detrital matter from the escarpment of the flags above. 
With I he help of my friends, Ecw. W. Af. D. La 3’ouche and Mr. O. D. 
Walton, I secured further fossils from the flags of the original section 
(No. 20); they include a small Microdiscus very like M. punctaius, form 
cuceulrus Linn., but not sulTicicntly well preserv'cd to identify with 
certainty, and a form recalling Ptychoparia (Tjioslracus) Liuuars^oni 
Brogger. 

C^ombining the observations of 1008 and 1000, the complete section 
acM’oss these Shoot Hough Eoad Flags may be summarised thus : — 

n. Shoot Rough Road Shales (top not scon) 40 feet 

b. '^ Shoot Rough Road Flags 18 foot 

Additional fossils — Microdiscus, s]>., cf. M. cucaitra or M. punctatiis 
Saltor — Ptychoparia Linnarssoni IJroggcr ? and 

c. Shoot Rough Road Sandstone 1 foot 

Cl Calcareous band Pnradojridcs rinjidosus (^)r(la, ^Linytdclla- 

ferrugiuea Sfiltor, Acrotrda or Acrothclc, fiiP .... 1 foot 

C 2 Green Sandstone (base not seen) 3 feet 

Kxcavafion No. 21, Shoot Bough Bead, Lower Scctio)!.'^ 

In order to examine the nature of the junction of the shales and 
gritty flags of this lower section a trench was opened parallel to the 
original exposure, but at a distance of o or 6 feet, and on the other 
side of the hedge, where it was possible to excavate to a depth of about 
5 foot without danger. The new section disclosed was as follows : — 

West End of the Section. 

a. Shales comparable with the Shoot Rough Road Shales of the upper 
section dipping at a very high angle to the oast-north oast (top not 


seen) 9 foot 

b. Gritty flags and rotten stone bands — 

ft,. Red earthy rotten stone a feet 

ft,. Flaggy, sandy bed, dip vertical 3 feet 

ft . Hard greenish bed of grit, dip c*. 80® north-west ... 1 foot 

ft.,. Flaggy bods with shale partings (base not scon) .... 0 foot 


' Prif. yl.<<sor. Ilf port. 1909 (Winnipeg), ]>. 18.\ 

® JX'taiJs of th(.*sc flags arc givc*n in I lie provion.s report, op. cit.. p. 184. 

•* Tbo doterniinafions of t he Brachiopods included in inverted commas arc thoso 
Siip])lir!d to 1110 by J>. i\ A. JMatloy. 

Brit. Assoc. Pejuai, 1909 (Winnipeg), p. 185. 

T 2 



IIG REPOUTS ON THE STATE OF SJIENCE. 

Fossils. — 

‘ Orthift Limlstrihni lannrs. vory plentiful, Linnnrssovia Pp., ef. L. satjiUahfi 
Saltor. Acrv.lnirt^ sp., Limjnln or Limjiildht, Pp. indet. bub almost 
certainly not L. ferrvgincn Salter.’ 

East End of Ihc Section. 

I’lii' i'c'voi’smI of llio (lij) with c(/in[)l(*ie coiifoiniity of llu* bods is 
estjihlisliod, and tlic similarity of thoir lithological characlors with thoso 
of the bods of the iippc'r sc'ction is so close that very litlli' doubt I'c'inaiiis 
that the two exposur(‘S are on tin' same lioj-izon. '^riie fossil evidence is 
suhslaiitially in agictuneiit . but diHers in th(* more plentiful I’emains of 
Oriiiis ]/ni(Jst . 'hni whicli is o/ily sjanin^ly i-('j)ivsenle(I in the band 

/hr iipprr and itio jtnuciiy oi siH'riincn^ of .1 c/'o/rc/u which 

]'■; so plentiful in (he sa/ne hiuid. 

E.rrrint/inns \ns, and 25. 

Ihaiglily parallel willi th(' Shrjot TJough Itoad, and t() the north of it, 
there" is a line of huice i)Ounding a disus«-d cart-track, w hich has in ])la(‘(‘S 
h('en wr)rn down through tin superficial ccoauing to the shaley rock 
helown Advantage was takcui of this to f)pen up tlu' sliali' in two places. 
1'h(^ chai’ucters of tlie sliales agrf‘e with those of the shales in tin* joad : 
th(‘re are hard siJicerajs ])an»ls in tln'in, half an inch or moi*e in t hic.k?i('ss, 
and aho rotten stone l>ands, usually rallier thicker, 'riu* sli’ike of the 
I'eds is neai’ly north by west and south l)y east, and the di]) is fairly 
constant at alioul -lo^ to lla* eastward. A rotl(‘n stcau' l)an(l at the spf>t 
marked 25 yi(dded casts of ‘ a sm.all Orihis of the 0. Ini liciilaris Wald 
type. Tli(‘S(' are not so well ])reseived as those* ree(.rd(‘d from beds n 
of the Shoot Ivough ]b»ad. Lower Section,- hut are* distinctly largc'r, 
and seem, so far as th(*ir characters are shown, to bo closer to the type/ 
At the southern end ()f this excavation some harder shale was (*neoun- 
tered, charaelei isod by rusty spots, more or h'ss p()lygonal in shajie, and 
w ith a, radiating crystalline st riiel lire (‘xtending out from them. At first 
sight these spots suggested crinoid stems, but they are more probably 
duo to some mineral matter (? selenite). 

E vcavulum No. 20. 

Small trials were made; at intervals on the surface f)f the field to the 
north of the old cart-tiack in a direct line to the noi'th-c'ast. With one 
exception tlif'se. failed to r(*ac!i solid rock. At the spot marked 20, wdicre 
there is a slightly sU*ep(*r rise; in th(" surface, shahi was found imme- 
diately below the soil, and, on following it in (*illu'r direction, a con- 
tinuous section of about fiO ff*ef in aggregatii thickness w’as exposed. 
'The dip and strike; rc'inained constant t hrcjughout , and sensibly parallel 
with that of the shales in excavations Nos. 2-1 and 25. The shale w^as 
for the most part faiily liard, with clearly marked laminations, and at 
either end graduated into softer shale whiidi disappeared below' the 
superficial accumulations. In one part a few' more or less polygonal 
rusty spots similar to those of excavation No. 25 were observed, but, 
with the exception of an indeterminable fragment of a ti'ilohite ami one 

' Bn'i. Assoc. Report. 1909 (W.niijod. p. 184. - IbUL, p. 1S5, 
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‘ biully |)jost'r\x'(l bnicliiopod wliicli suggests Oflhis Irnlicuhiris/ no 
fossils wore discoveri'd. 

Tile t.olal Uiiekness of I, lie. Hlioof Hough Ixoad sliales eaiinoL he safely 
cslinia-ted, owing io want, of arlifieial exposures between tlio excavalioirs 
described, but ibo inajiping (d tbe sui-face indicates a very con.sid(‘rabie 
thickness, aniounling to some ^JUO io hOI) feel, or possibly more, for tlic 
whole grou[). 

B. — Tiir: Kx(’.vvatioxs xlaii Homx’s Ti mp. 

Hobii ’s 1'ump, Vicwod fr(jm ihenorlh, is a. small conical hill about half 
a mile to the soiilh of the (/oml(*v Quarry. I( is in jbe line ()f, and has 
the app(‘aranc(' of Ijeing a continuation of, tli(‘. Hill 1 louse; Hidge*, hr.t, 
geologically, it is veiy different, and the two feaiiires are severed l)y a 
sonuiwhat Hat area oeeupied hy two tields. Tlie. summit rises to about 
OOO feel and is oval-sliap(‘(l, with a length <jf ahoiil i2() yards in a north- 
east and sonlh-west dir(‘ctiun. It is eonnectod with the liigliei- 
(Ordovician) ground al iIh^ foot of (’arafloc ILill by a saddle some 4() or 
oO f(;et lower in elevation. Scwcral natm-al exiaisures of giils and saiid- 
st(.)n(*s are to la; sc^en on the summit, but no details of the sueca'ssioii 
were visibk*. without exeavali(.>n. A litth; stream deseeiiding from the 
lower slope's of Oaradoc II ill has cut a deep treneli ahaig the north-wesn 
side', anel lie*re ilieix' are* ise)Ialed natural e'Xposiires of I'atliea’ soft greenisli 
anel re'ddisli mie'aee'Ous sanelstone; of tbe tyjie; e)f Hie* Leiwea- (V)mle‘y 
saneIst(.*iK', and ciiaracteriseel by burje)Ws and trae-ks e)f organisms. 

Ij.rcacalhni Xo. 28, on liic Saddlr, 

Ne'ar the plae'C markeel 2^, trials we-ie* nuule* on tbe Sadelle at four 
S))ots, all e)f wliieli slK)we'el green mie*aeioiis sanels|e)n(‘ with a faiily 
re'gular north anel se)utb strike.; and a (lip to ill*' cast of abeiut Tliei 

sanelste>n(‘s vaiy in liaieliw'ss fre)m point, lei pe.-int, but are; edlie'rwisei 
unifeirm in character, and arc e'vidcntly jiart eif the series (‘xpe)S('d ne'ar 
the; stre'am. 

K.rcn nilion.^ X(K 21), smnniil of Pnd>in\< Tidup. 

A serie's of exca va.tieuis were* made* in (•e)mi('ctit)n with the natui’al 
expe^sures of tlui summit. H’lu'sc; arc ten) close* ttjgctlier to be shown 
sej)arately on the rnaj). 

Xo. 2ttu, situalcel oil the* iloilbern shouleler wliea'c* tliei’e was a. 
small natural (‘Xjiosuro of much W(':ithe*red )*oe*k, shows about 4 IVet of 
w'e'll-bedeled C()ar-^‘ caleare'ous and conglome’rMi ic. grit, with many feii’u- 
gine)us easts of fragme'iits of Irilobiles and grains of briglit. gre'cii 
glaiieeaiile', c'xaetly re'calling the conglomeratic [/ortiein of the Quarry 
Hielge grits. The; dip is about -IT)^ to a litllo south of east. .Hele>w 
this e;e)ngloni(‘ratie be*ei some d or 4 fe(;fc of a strong, gre'e'ii, niicae*e*e)us 
sandste)ne are visible*, the beds of wdiicli dip at a rather sh'e'per angle 
deeide'dly north of e'ast. .lM*om the solid rock imnieeliately touching the 
overlying congkaneratic grit J ohlaineel tw’O specime'ns of cavities, pene- 
trating the; sandsleine in a curvilinear manner. They arc somcwliat 
quadrangular in section, 15x20 mm. in diameter, have well- defined 
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boundaries, and contain cores of coarse gritty material, which come out 
cleanly, and in substance match with the matrix of the overlying con- 
glomeratic grit. The actual terminations of the cavities were not found. 
The appearances lead to the conclusion that the sandstone had been 
bored after the consolidation of the Lower Comley sandstone by some 
organism capable of removing the cementing material by solution, and 
of expelling the quartz and other grains thus loosened. Except in the 
matter of length and shape, the cavities pn'scuit some analogy to the 
modern Pholas borings in the consolidated Triassic sandstones of the 
south Devonshire coast. That they were formed after consolidation is 
rendered the more probable from the fact that the overlying conglome- 
rate, both her'i and at the Comley Quarry, contains subaiigular and 
angular fragments of similar compact greenish sandstone. 

No. 2db. — In order to confirm the evidence of unconformity ex- 
hibited in the last-mentioned excavation, a hole was made on the 
opposite or south-east side of the summit, wJiere clearly bedded coarse 
grit of normal Quarry Kidge grit type, witli the same dip of 45° to a little 
south of east, was disclosed. 

No. 29c. — ^As No. 296 did not show the underlying rock, another 
excavation was made a few yards away. In this similar grit having the 
same dip was exposed, but more incoherent and of an ochreous colour, 
and, underlying it, a breccia of angular fragments of greenish sandstone, 
separated more or less from one another by coarse, gritty material. 
Underneath this, again, and partly protru<ling into it from below, was 
a rib of solid green sandstone containing a calcareous hand, the dip of 
which was clearly north of east and at a higher angle than that of the 
grit above it. The divergence between the strikes of the two kinds of 
reck, both here and in excavation No. 29a, is about 30®. The calcareous 
band contained several specimens of minute Oslracoda with a thin 
chitinous shell and a shagreened surface. 

No. 29J. — On the north-western side of the summit, and about 
25 yards to the south-west of No. 29a, some large blocks of rock j)ro- 
truded from the surface, which I refer to the conglomeratic grit, but 
they are not truly in situ. On removing two of these, green sandstone, 
containing a dark, calcareous band, was found, and some pinkish lime- 
stone nodules close to it yielded a profuse number of fossil fragments. 
Among these there are Olenellus, sp., apparently identical with 0. CaU 
lavei Lapw., Ptychoparia ? annio Cobbold, Ptychoparia ? attlehorcnsis 
S. F., Microdiscus helena Wale. ?, Micmacca ? possibly M. ? cllipso- 
cephaloides Cobbold, a fragment of a rathe;:'large trilobite not referable 
to Olenellus Callavei, but possibly belonging to the same genus, Kuiorgina 
cingulata Bill., Linnarssonia, sp. (tJie same species that is so abundant 
in the Comley Quarry), Acrothele?, and some small Ostracoda. 

This fauna, so far as the very fragmentary material has been worked 
out, is almost exactly the same as that of the Olenellus horizon of the 
Quarry Bidge, but it does not necessarily follow that it is the same band, 
and it is not certain whether the nodules are in situ, or whether they are 
pebbles collected in a hollow behind the dark calcareous band. The 
evidence points to the conclusion that the greenish micaceous sandstone 
of Eobin’s Tump belongs lo the Lower Comley sandstone as previously 
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defined,^ and that it is overlain unconformably by the conglomeratic 
Quarry Eidgo grits of Paradoxides age* Further excavations between 
those numbered 29a and 29d are urgently required. 

Excavations Nos. 30 and 35, at the foot of the North-West Slope of 

Robin's Tump. 

No. 30. — A* natural exposure of Lower Comley sandstone close to 
the stream was opened out and followed along the strike for about 
15 yards. The rock consists of some 6 or 8 feet of greenish micaceous 
sandstone, dipping at 45^ to 50® to the east-south-east, and having 
numerous cross fractures at right angles to the strike. About midway 
in the sandstone was a band of clayey material, which on being worked 
yielded residual nodules of rottenstone and sandy, foraminiferal (?) 
limestone containing many specimens of a Hyolithus approaching to the 
form H. fistula Holl. From this band one external cast of a head shield 
of an Olencllus (apparently an undescribed species) and a few other 
trilobitic fragments were collected. The band could only bo followed 
for 3 or 4 feet along the strike, and appeared to thin out in the direction 
of tlie dip. Both it and the sandstone contain numerous examples of 
two forms of burrows. Those of form A are siibquadrangular in section, 
with diameters of from 8 to 12 mm. that remain sensibly the same in 
the short lengths of the specimens collected, and have clearly defined, 
brown-stained surfaces. Those of form B are much smaller sinuous 
cavities, without clearly defined boundaries, generally filled with carbo- 
nate, but near the surface, with brown earthy matter or roots of 
plants; they have diameters of about 2 inm. 

No. 31. — About 30 yards to the north-east of No. 30. — A second 
natural exposure of similar rock was opened out and elongated up the 
steep slope of tlfe hill so as to cross the bedding at right angles. About 
23 feet of beds of greenish micaceous sandstone, varying a little in 
toughness and becoming reddish purple at the top, were thus exposed, 
and the dip was observed to remain steadily at 45® to 50® to the south- 
east. 

No. 32. — About 45 yards further towards the north-east. — A small 
natural exposure was cleared of soil and vegetation, and proved to con- 
sist of reddish purple micaceous sandstone of the same aspect as that 
at the top of No. 31. The dip, however, has in the interval worked 
round from south-east to nearly south. 

No. 33. — 10 yards further to the north-east. — Similar rock but of 
the usual greenish colour was seen here and the dip found to be about 
5® to a little west of south. 

No. 34. — 60 yards distant from the last to the north-east. — Similar 
greenish rock, but rather softer, vras seen, and the dip has reverted to 
the more normal one of about 45® to the cast-south-east. 

No. 35. — In the extreme north-east corner of the fences bounding 
the Robin s Tump area. — ^Very fragmentary greenish sandstone was 
observed at this point, and on opening il out there were obscure indica- 
tions of a south-easterly dip. 

^ prit. Assoc, Report, 1908 (Dubjin), p. 235, ct scj. 
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Those oxcavaiions (Nos. 30 lo 35) servo to sliow that ilic J.owcr 
Comley sandstone occupies tlie north-western slope of Kobin’s Tump; 
that the beds have a general easterly dip, but that this does not remain 
constant throughout; and further that, in addition to the calcart^ous 
bands at the top, the group contains at least one fossilifcrous band. 
From a section plotted to a natural scale along a lino up the north-west 
slope, it appears that this fossiliferous band is approximately 150 feet 
below the top of the sandstone of the summit, but it is impossible to say 
whether this estimate of thickness is vitiated by faulting or repetition 
of beds. 

Excavations 3G to 40, in the cotnparafivcly flat area ininmlialehj north 

of liohin* s Tump. 

Openings were made at the places marked in order lo ascertain, if 
possible, the cause of the complete cliange of surface characters 
exhibited in passing from the steep and dry slopes of Itoluii’s Tump to 
the flatter and rather wet space to the north of it, but with no very 
definite result. 

No. 36, in the northern bank of the stream, showed soft greenish 
s/iJ7dsto770, wJlb n dip jaivnUcl to that of No. 30. 

A^o, 37, though pushed down to a depth of 5 feci, ])roduced nothing 
but broken sandstone of the same type. 

No. 38 was sunk to a depth of 4 feet, and yielded clayey material, 
with a few pieces of the sandstone. 

No. 39 was deepened to 5 feet in a dry soil containing many frag- 
ments of the same kind of rock. 

No. 40 produced nothing but surface clay. 

These excavations, coupled with the surface features and the exist- 
ence of springs in the ground to the west and south-west, suggest the 
occurrence of a set of thin bedded sandstones and shales below the more 
compact sandstones of Itobin's Tump. 


General Summary of the Excavations of 1007-08-09. 

The funds originally supplied by the Committee appointed at the 
Leicester Meeting being now exhausted, it seems advisable to gather 
together the principal results of the excavations in one statement: — 

1. The line between the Paradoxides -hGaring Quarry llidgo grits and 
the Olenellus-heaunQ Lower Comley sandstone is i)rovcd to be marked 
by an unconformity. 

2. Below this line the Lower Comley sandstone has been opened 
up at several places, and has been proved to contain fossilifcrous bands 
at various distinct horizons. The thickness of tlie whole group appears 
to reach to several hundreds of feet, and its lower members pass by 
gradations into the Wrekin quartzite. 

3. The Wrekin quartzite has been opened at two places, and is found 
to consist of be(]^ of quartzite of very varying thicknesses, with shaley 
partings. 

4. Just aboyo tlio (previously known) horizon of Olcnellus {IJolviia) 
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Vertical Section of the Cambrian Strata of Gomley, Shropshire, from observations 
made during the Excavations of 1907, 1908, 1909. 

Local names used in Thickness 
the llcports in feet 


Bhoot Rough Wood f 
Shales, 



JAnqulvlla Nichvlioni 
Diotyonema, sp. 


TrcmtMloo ? 


Interval Unexplored. 


Bhoot Rough Rood 
Slialcs. 


r Bhoot Bough Road 
Flags. 


Slioot Rougli Road 
Sandstone. 


I 

•i 

^ Hill House Shales . 

0 Hill House Grit J 

5 

'0 Hill House Flags . 

1 

o Quarry Ridge Shales 

w 

H 

Quarry Ridge Grits . 
Black and Grey Lime- 
stones 

OlcnelluB Limestones 


I Lower Comlcy Sand- 
^ stone 


Wrekin Quart/.itc , 


Uricuiiiaii . 


300 ? 

to 

500 ? 

18 



Orlhii IfHiicularit, 


OrlhU TAnilstroemi, Acrtrireta socialis, 
LingnlHla ferruqinea Oholella ? 
Agmxtut fallax, Paradoxides davidis^ 
Afjrauloi, MicrodUcu$, &c. 

'Paradoxidn rugulotns. 


Interval Unexi'Lored. 



Ptyfh>*paria,' 

Dorypyge, 


Paradn.rides (Iroornii, Dorypyge, dre, 
f Profofenm, Htrenuella, Anonweare, 
I AUn'odixeus lobalus, 

UlrmUus Callnvei,&c. 


Olendlm, sp., Jlyolifhns, 


JJyolithHS, sp., near II. tenuisOiata. 


Callavei Liii^w. and below the unconformity at the base of the Para- 
doxides beds there are some bands of grey limestone, the upper member 
of which has yielded species of the genus Protolenus accompanied by 
other irilobites, some of wliich arc members of the Olcnellus fauna in 
America. 

(). The Plack Limestone of Comlcy Quarry occurs above the band 
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with Prololenus and below the base of the Quarry Ridge grits. It has 
lithological affinities with the Grey limestones below, and with the grits 
above, but its faunal affinities are not yet determined. 

6. The conglomeratic portion at the base of the Quarry Ridge grits 
contains angular and subangular fragments of the sandstones and lime- 
stones that occur below it, and its matrix yields species of the genera 
Paradoxides, Dorypyge, Conocoryphe, Hyolithus, and Stenotheca. 

7. The Quarry Ridge grits are succeeded above by a group of shales 
(interspersed with bands of grit), called the Quarry Ridge shales, and 
have a thickness of, probably, 300 feet. 

8. These shales are followed by the Hill House group, consisting of 
flags (with Dorypyge), grits (with Ptyclioparia and other undetermined 
trilobites), and shales of unknown thickness with included bands of grit. 

9. A considerable width of unexplored ground intervenes, after 
which the Shoot Rough Road sandstones — ^with Paradoxides rugulosus 
Corda and the Shoot Rough Road flags, with P. davidis Salter, Agnosias 
fallax Linnrs., Acrotreta socialis von Seebach, Orthis Lindstroevii 
Linnrs., and other fossils — have been opened up. 

10. Superior to these flags, and in apparent conformity with them, 
there occurs a large group of shales from which only a scanty fauna has 
been collected. The dominant species is a form closely allied to Orlhis 
lenticularis Wahl. 

Owing to the faulted nature of the ground, it is impossible to give 
reliable estimates of the thicknesses of the various group recognisable in 
the Coinley area. A study of their general disposition and horizontal 
extent points to an aggregate thickness for the whole of the Comley 
Cambrians exceeding 1,500 feet, and, very possibly, extending to twice 
that amount. 

The diagram above shows the general relations of the various 
groups so far as they are at present known. The Shoot Rough Wood 
shales at the top have not been touched by the excavations. Their 
Tremadoc age is inferred from Dr. Callaway’s discovery in the shales 
east of the I^awley of ‘ Lingulella Nicholsoni and Shineton graptolites ’ ^ 
and from !^^r. Gibson’s subsequent detection in the shales of Shoot 
Rough Wood of an example of Dictyoncina. 

The thickness (100 feet) assigned to the Wrekin quartzite is taken 
from Dr. Callaway’s estimate,® the ocavations not having been suffi- 
ciently extended to allow of any direct measurement of it being made. 

I have again to acknowledge my indebtedness to Mr. Philip Lake for 
his help in determining the trilobites, and to Dr. C. A. Matlcy for 
exhaustively examining the brachiopods of the higher horizons, and I 
am very grateful to them for their help. My best thanks are also duo 
to Professor Lapworth for continued advice and encouragement during 
the whole of the excavations. 


1 Q.J.O.S.f vol. xxxiv., 1878, p. 758. 


2 Ibid., p. 759. 
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South Alrican Strata, — Report of the Committee, consistimj of Professor 
J. W. Gregory {Chairman), Professor A. Young {Secretary), Mr. 
W. Anderson, Professor R. Broom, Dr. G. S. Corstorphine, 
Dr. Walcot Gibson, Dr. F. H. Hatch, Sir T. H. Holland, 
Mr. H. Kynaston, Mr. F. P. Mennell, Dr. Molengraaff, Mr. 
A. J. C. Molyneux, Dr. A. W. Rogers, Professor E. H. L. 
Schwarz, and Professor R. B. Young, appointed to investigate and 
report on the Correlation and Age of South African Strata and on the 
Question of a Uniform Stratigraphical Nomenclature, {Drawn up 
hy the Chairman,) 

The uuily in structure and geological hisiory of Africa south of the 
y^anib(‘si renders it esf)ecially desirable tliat tlio rocks of llu; whole 
subcontinent should be named on a uniform system. Tlie se])aratio]i 
of the country into six distinct political divisions — ('ape Colony, tlie 
Transvaal, Orangia, Natal, Rhodesia, and German Soul li-\Vost Africa — 
has led to the study of its geology from various c(Uiires and to the 
grow'th of ovorla])ping systems of nomenclature wiiich are confusing to 
students in other countries and may give rise to future dilliculty in 
South Africa. 

The desirability of unifoi'm names for the chief divisions of Soutli 
African geology was es|)ecially felt during the visit of the British 
Association to South Africa in 1005. This .feeling led to the appoint' 
ment during the meeting at Johannesburg of a CommitR'e to consider 
the possibility of securing greater uniformity in practice b(4ween the 
different States. The Committee appointed consists of the following 
members : — 

Representing Cajjc Colony. — Dr. A. W. Rogers, I'rofcssor R. 
Broom, Professor E. IT. L. Schwarz, Professor A. Young (Secrriarij). 

Rc|)resenting the Transvaal. — Dr. G. S. Corstorpliine, Mr. IT. 
Kynaston, Dr. F. IT. Hatch, Professor R. B. Y^oung. 

Representing Natal. — ^Mr. William Anderson. 

Representing Rhodesia.^ — Mr. A. J. C. Molyneux 
Sir T. H. Holland, Dr. G. A. F. Molengraaff, Dr. W. Gibson, 
Professor J. W. Gregory {Chairman). 

Owing to the wide distribution of the members, it has not been 
possible to arrange a full meeting of the Committee, and most of the 
work has been by correspondence. At meetings of members who 
could attend in London it was resolved (1) that the object of the 
re2K)rt should be to propose a classification and nomenclature that 

^ Mr. F. P. Mcimcll was added at the Leicester Meeting in August 1907* 
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could l)e rccomuiciidtMl for adoption ainon ‘4 tlie colonies of Soulli Africa; 
(2) that the iiielliod of procedure should be:- -- 

(a) rreliniinary conferences beiween the members of the Comrnitlee 
resident in each colony, in order that they may rei)ort as to the nomen- 
clature and classification best suited to their colony; 

(/j) The circulation of these reports for consideration by all the 
members of the Committee ; 

(c) Tiie submission of all the points at issue in such a form that each 
member of the Committee can vote upon them by post; and 

(d) The preparation of a report stating the opinions of the Com- 
mittee as thus ex[)ressed, and, if possible, to recommend a scheme of 
correlation and a terminology for adoiition by all the South African 
colonies. 

After receipt of the various preliminary reports a series of questions 
was drawn up by the Chairman and submitted to the members of the 
Committee for a postal vote. 

The results of this vote are tabulated in Appendix I. 

I. The NoMEXCEATunE of the pre-Devonian Eocks. 

The Major SuhHvmona. 

The first urgent problem concerns the nomenclature and classifica- 
tion of the pre-Devonian rocks. 

Some of the South African members of the Committee, especially 
those for Cape Colony, regard the treatment of this subject as prema- 
ture. But if no attempt be made to deal with it, there will inevitably 
develop a varied nomenedature which will be confusing to geologists in 
other countries when referring to South African work, and may lead in 
South Africa to the permanent adoplion of rival names. 

The oldest known fOssiliferous rocks in South Africa are the 
Devoni.m rocks knovvn as the Cape System. Below this system is a 
vast series* of rocks \n\uc\\ arc wnfossiliferous. The only evidence as to 
Ihoir ago is VithologicaA and straiigraphical. 

These rocks— excluding the unaltered igneous rocks — include: — 

(a) A great series of unfossiliferous sedimentary rocks, quart/jtes, 
conglomerates, ‘ shales,' and sericitic schists; 

(b) A series of foliated rocks, including mica schists, hornblende 
schists, and gneisses; the rocks are partly of igneous and partly of 
sedimentary origin. 

1. The rocks of the Band are the most important members of the 
sedimentary group, and opinion is practically unanimous that the rocks 
of the Band be called the Witwatersrand System. 

2. There is a majority of nine to six in favour of calling the second 
group — the highly crystalline schists earlier than the Witwatersrand 

System and occurring, for example, in Swa^^iland and at Barberton 

the Swaziland System, and for adopting that name for the basal 
crystalline schists of all South Africa. This term is favoured^ by all 
the representatives of the Transvaal and Natal, by “ ' 
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and Dr. Walcot Gibson; but it is rejected by tlirco of tlio four 
representatives of Cape Colony, wliile the fourth (Pi-ofcssor Scliwarz) 
would prefer the adoption of the name Barberton System. The term 
Swaziland System is also rejected by Mr. Molyneux and Mr. Menriell, 
the representatives of Khodesia. The representatives of each State are 
thus unanimous in their decision for or against the name Swaziland 
System ; and as two States arc for it and two against, there does nob 
seem at present any chance of agreement. 

There is also no agreement on the Committee as to the name to be 
adopted for the group to which these two systems probably belong. It 
depends to some extent on the question of their age. 

The sedimentary series, including the quartzites and conglomerates 
of the Band, were at one time believed to be Devonian; but they have 
been gradually moved back to older and older horizons. At present 
tliey are regarded as possibly liower Paheozoic (i.e., Silurian, Ordovi- 
cian, or Cambrian), but more properly as [)re-Cam])rian. There is no 
absolute evidence as to t!ie age of either of the two great pre-Devonian 
series. It will probably be generally admitted that the non-foliated 
rocks are young('r than the schists and gneisses. It is accordingly 
tempting to comj)are ilie upper series of non -schistose sediments witli 
the Torridonian and K(*weenawan, and ilie lower series to the crystal- 
line schists which usually underlie the pre-Cambrian non-schistose 
sediments. 

This view is, however, based only on lithological evidence. Some 
riKMubers of the Committee are prepared to accept the view that there 
is such a strong probability of widespread areas of such schists as tliose 
of the Swaziland group being pre-Cambrian in age that, until definite 
evidence to the contrary is forthcoming, they should be accepted as 
Archean. Such a decision would be convenient, as it would enable 
the rocks to be given a definite position in the colour scheme used on 
the maps; and, in the 0 [)inion of some iiieiiibei’s of the Committee, this 
position is not likely to be altered. 

Tlio terms available for these rocks are variously used, so it may be 
convenient briefly to refer to their history and the present tendency as 
to tiieir use. 

If the Witwatersrand System and older schists be admitted as pre- 
Cambrian, the first name for them to be considered is that of Archean. 
This term was first proposed by J. D. Dana in 1872 in a paper on tlie 
Green Mountain Quartzite. lie there proposes to rule out the older 
term Azoic, as the e'^-i in question was not througliout destitute of life. 

‘ I propose to use for the Azoic era and its rocks the general term 
Archaean (or Archean), from the Greek apxnioq pertaining to the 
beginning. * ^ In a footnote he objected to the term Eozoic, owing to the 
doubtful nature of Eozoum, and explains, ‘ Whatever part of the 
Archean beds are proved to belong to an era in which there was life will 
be appropriately styled the Archeozoic. This term avoids the objection 
which Eozoic derives from the doubtful nature of the Eozoum.' ® 

Dana unquestionably proposed the term Archean to include the 

^ ‘ Green Mountain Geology. On the Quartzite.’ Amer. Jour. Set., series iii., 

® JbiJ. 



126 


REPORTS ON THE STATE OP SCIENCE. 


great mass of pre-PalcTozoic sedimentary rocks as well as the basal 
schists ; and we may take it that if one name is to be given to all the 
pre-Palfcozoic, then one of Daria’s two names, Archean or Archaeozoic, 
has unquestionably strong claims for acceptance. 

In lecent years there lias been a widely felt tendency to divide the 
pre-Cambrian rocks into two divisions — an upper division of non-foliated 
sediments and a lower division of schists and gneisses to which the term 
Archean is sometimes restricted. Sir A. Geikie,^ for example, notes 
the proposal to reserve Archean for the igneous rocks and Algonkian 
for the pre-Cambrian sediments. 

As an example of another twofold arrangement may be quoted the 
classification in Chamberlin and Salisbury's Geology: — 

Kowcenawan. 

Animikean= Upper Huroniaii of some authors. 

Huronian. 

Groat Granitoid series (Laurontian) (mainly intrusive). 

Great Schist series (Mona, Kitchi, Kcowatin, Quinncssco, 
Lower Huronian of some authors).*^ 

C'liamberlifi and Salisbury object to the names yMgonkian and 
Archean for the primary divisions, on the ground that the names suggest 
that the divisions are systems, such as Cambrian, instead of being 
groups, such as Paheozoic. 

The Witwatci-srand System may be the South African equivalent 
of these non-scliistose ])re-(.’ambrian sediments; and the Swaziland 
System, or whatever name be ado])ted for tlie schists, would 
lepresent the Archean. There seems a tendency to adopt the term 
Algonkian for the non-schistosc pre-Cambrian sedimentary rocks, 
though it was founded to include the schists as well ; and a term of 
worhl-wide ap])lication is wanted for such unaltered pre-Cambrian sedi- 
ments as the British Torridonian and Ijongmyndian, the North American 
Keweenawan, the Scandinavian Sparagmites, the Indian Purana, (tc. 
These rocks appear to represent a geological system between the under- 
lying schists and the beginning of the Pateozoic. 

Chamberlin and Salisbury’s classification inverts the use of the word 
Archeozoic, which was proposed by Dana in 1872 pre-eminently for 
the pre-Cambrian rocks which might be proved to contain life. He in- 
troduced the term Archean and Archeozoic when describing one of 
the quartzites, clearly showing that he included the sedimentary as well 
hH the schistose series in the Archean. 

The term Proterozoic was first suggested by Emmons, and rejected 
by Irving in 1888. He then proposed to limit Archean to the basal 
schists, and called the overlying sediments Eparchean, as being upon 
the Archean or Agnotozoic.'** 


Proterozoic | 

(Algonkian) "j 

Archajozoic I 

(.\rchean complex) 1 


* Texf-Book, vol. ii., p. 004. 

2 Chamberlin and iSalisbury, Geology, vol. ii., p. 100. 

“ R. D. Irving, ‘ On the Ciassification of tho Early Cambrian and Pre'C'ambriaiii 
Formations.* Seventh Ann. Hep. U.S. Geol. Surv., 1885-80, p. 454. 
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Van Ilise, however, in 1892 ^ preferred Proteroisoic for the upper 
sedimentary division, and Archean for the lower crystalline division. 
His Proterozoic was, therefore, equivalent to the Archseozoic of Dana. 

If priority is to count for anything in this matter, and tlie name of 
the pre-Paloeozoio division is to end in ozoic (to CQiiform to the other 
three), then Archfeozoic should be adopted for the pre-Cambrian sedi- 
ments; and this use agrees better with the natural meaning of the term, 
for these sediments have traces of an archaic life, whereas the older 
crystalline schists have none. The basic complex below may still be 
appropriately called Azoic, as they have not yet given any certain signs 
of life. 

An alternative explanation that might temporarily meet the case for 
South Africa would bo to retain Dana’s term Archaeozoic for all the prc- 
Palaezoic rocks, including both the 'Witwatcrsrand System and the 
Swaziland System or basal complex. 

Two members of the Committee recomruond the adoption of 
the term Arcliean for all tlie pre-Pahnozoic. One (^Ir. ^Nlolyneux) 
]u*cfers the term Azoic, and Dr. Molengraaff ])]’e-Paheozoic. Dr. 
Hatch and Dr. Corstorphine in their work on the Geology of the 
Transvaal both use the term Archean as exclusive of the Witwaters- 
rand System; whereas Dr. Kogers, Professor 11. B. Young, Mi*. 
Molyneax, and Dr. IMolengraaff think the term Archean should be 
abandoned from South African geology. Dr. Kogers groups all the 
pre-Devonian rocks as the pre-Cape rocks, a course which, tliough safe, 
is purely provisional. 

If. The NoMRNCF.ATrRE OP THE Upper ppe-Devoxian Division’s. 

1. Vaul or VcnieruJorp Syslon, 

Above the Witwatersrand System is a series of igneous rocks of the 
Vaal Kiver, which has been called the Vaal Kiver System l)y Molen- 
graaff and the Ventersdorp System by Hatch and Corstorphine. 'I’hc 
votes recorded on this question are live in favour of the name Vaal 
and five in favour of the name Ventensdorp. Professor Schwarz says 
the system should be omitted altogether, as it is composed solely of 
volcanic rocks; and Dr. Kogers and ]\Ir. jVIennell agree with Piofessor 
Schwarz. This groiij) of rocks can hardly be called a system in the 
sense in which that word i.s defined by the International Congress, 
namely, one of the primary subdivisions t)f the Paheozoic, Ac., such as 
Silurian or Jurassic. 

Three of the representatives of the Transvaal favour the Ventersdorp 
System, two of the representatives of Cape Colony favour the Vaal 
System and one the Ventersdorp Sy.steiM. JMr. Molyiieux, from 
Khodesia, is in favour of the Ventersdorp System, 'fhe voles on this 
question are so evenly divided that it is hardly likely that any agree- 
ment will be reached immediately. 


i Bull U.S, Oeol Sun\, No. 80, p. 509. 
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2. Polchefslroom or Transvaal System. 

For ilie rocks overlying the amygdaloids there is again a choice be- 
tween two terms, and this question mainly concerns the geologists of 
the Transvaal. 

The name Transvaal System is supported by eight \Totes, against 
three for the name Potchefstroom System, so that in this case there is 
a strong majority of the Committee in favour of the adoption of the 
older name, the Transvaal System. As the rocks are widely distributed 
in the Transvaal, and as they give rise to some of the most characteristic 
features in the State, the name is perhaps not unsuitable. The name 
Potchefstroom has the advantage of fixing a more precise type 
locality. There are certainly great disadvantages in the use of the name 
of a State as that of a geological system, for the ambiguity (some Trans- 
vaal rocks not being Transvaal rocks) must frequently be inconvenient. 
Hence the term Potchefstroom System would probably occasion less 
inconvenience, but the choice between these two terms will, no doubt, 
bo settled hy the pmciice of geologists in the Transvaal. 


3. The IVaferberg System. 

The last of the pro]:X).sed systems for pre-Kan oo rocks is that for the 
Waterberg sandstone. There is practical unanimity that these rocks 
should bo regarded as a distinct system and called the Waterberg 
System. 

The age of tlie arTivgdaloids, the Transvaal and Waterberg Systems, 
is unquestionably doubtful. TIio Waterberg System lies iinconform- 
ably upon the Transvaal System, and tliat is imconformable upon the 
amygdaloids, which are in turn uriconformable upon the Witwatersrand 
System. None of the rocks contains fossils. The Waterberg System 
is, however, regarded with much plausibility as the inland representa- 
tive of the Cape System, and the Cango beds of tlie southern part of 
Cape Colony may represent the Transvaal System. H so, then the 
Waterberg System would be Devonian, the Transvaal System and the 
Vaal Piver, or Ventersdorp amygdaloids be Lower Palteozoic (Silurian, 
Ordovician, or Cambrian). 


TIL The Tvauroo System. 

I’he classification of the Marine Devonian beds does not involve 
much inter-State difference of opinion, as the marine beds occur only 
in Cape Colony and Natal. The Karroo System is of wider extent, but 
there is less disagreement and overlapping in nomenclatures than with 
tlie unfossiliferous pre-Devonians. The classification recommended 
by the geologists of Cape Colony is as follows: — 


Karroo System 


Siormberg Scries . 

Beaufort Scries 
Dwyka Scries 


'Drakensberg beds. 
Cave sandstone. 
Red beds. 

Moltcno beds. 
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Eepresentatives of the Karroo Series in Khodesia were ari'atiged as 
follows by Mr. Molyneux in 1907 : — 


Cape 

Bechuanaland 

Protectorate 

Rhodesia 

Sabi and Limpopo 
Valleys 

Zambesi Valley 

Stormberg 

1 Ecca 

Dolerites . 

Fine sandstones 
at Klaballa 
Tswapong grits. 

Tuli lavas and Pipe 
amygdaloids 
Samkoto scries . 

Batoka basalts and 
Dolerite sheets 
Forest sandstones 

Escarpment grits 
Upper Mato^la 

Busse beds 

Lower Matobola 

Fine fissile sandstones 

1 


This sequence is so different from that of the southern States that 
at present it would be premature to suggest a detailed correlation, and 
no inconvenience arises from the use of the independent classification. 

The classification for Natal, adopted by Mr. Anderson in his final 
Reixirt (1907), is as follows: — 


Upper Karroo . 


Lower Karroo • 


'Plateau basalts, top Drakensberg and Rhyolitio 
series of the l^bombo Range in Zululand. 

Cave sandstones, Drakensberg. 

Red beds, Drakensberg. 

Stormberg series, Drakensberg. 


Beaufort beds. 


£cca series i 


Upper, coal-bearing series. 
Lower, shales (glacial). 
Ecca glacial conglomerate (Dwyka).* 


There has been no representative of Orangia on the Committee, atid 
the representatives of the Transvaal have not called special attention to 
the classification of the Karroo beds, which have not yet received as 
much attention in the Transvaal as in the other States. 

Tile Committee have received an interesting report from Professor 
Broom as to the correlation of the rocks of the ICarroo, and theevidenct. 
quoted makes it clear that part of the system is to be correlated partly 
with the Permian and partly with the Lower Mesozoic (Trias and Jura). 


’ W. Anderson : Third and Final Report of the Geological Survey of Natal and 
Zululand. Natal Surveyor-General’s Department, London. 1907, p. 30. 


1910 * 


s 



130 


RErORTS ON THE STATE OF SCIENCE. 


s s s s $ $ 

H H H H H H 


Pi Ai H H H H 


P- P> k 


#1 s| 


k H H h H k H 


HI S S ^1 HI 
H H H BS H 


SSSgooliiogog 
^a>'§ h h h h ^ ^ ^ h h 


:’.! P 


S I I 1 I 3 I S S a S 
S S a >'< A ^ « A 


5 Ja 

g a g §jid 

I || fil 

^ ill 

g 2 « * 

3 2 /T fa 

go 


S I I s g 

o I a o fi 

iS 


h 6 a i 

Hi oi ^ 

h' d Hi pi '4 


I 8 • 

a i s -3 g 

§ I ^ 

P) 1 ►; -J o 

Pi t: ^ Ci fci 



ON SOUTH AFBIOAN STRATA, 


131 


APPENDIX II. 

Report by Professor E. Broom. 

I fear it is 2)rciiiature to decide on a general term for j^re-Devoiiian 
rocks. Archean seems a natural term for the lowest rocks, but, as you 
define it, it becomes impossible. The Malmesbury beds are by no means 
always scliists. Clay slate is the general thing, and much of it has very 
little mica. Here and there bands of limestone are met with, not 
apparently greatly altered. Some South African geologists are of 
opinion that the Malmesbury is not so very old, and many beds look 
so fresh that one cannot resist the temptation to look for fossils, and 
occasionally things turn up that have an organic look, but nothing deter- 
minable has been got. At any rate, it is just possible that Malmesbury 
may be Cambrian, though I think all the evidence is in favour of its 
being very much older. Still, there is a doubt, and I fear we cannot use 
Archean for it. In the meantime I am quite agreeable to drop Archean,' 
and I do not think Algonkian any better. Take the Dolomite, This, 
according to the suggestion, would be Algonkian, but there seems a prob- 
ability that it is not older than Cambrian. I object to Swaziland System 
being used for all the older beds, because there is no evidence that 
Malmesbury beds, Namaqualand, are of the same age. The evidence 
is rather the other way. 

I object to ‘ Vaal River ' as a bad term for a formation. ‘ Vaal * is 
worse. As well sjicak of the ‘ Fawn ’ formation. Some Englisli 
scientists sometimes forget tliat the words they use are very ordinary 
Dutch words. 

The same objection and others might be urged against ‘ Table Moun- 
tain Series.’ The name is too long and out of harmony with other 
geological names. T slioiild jn'efer ‘ Tafelberg Series ’ or ‘ Tafelber- 
gian,’ which would be in harmony with ‘ Witteberg ’ and ‘ Stormberg, ’ 
but ‘ Table Mountain ’ seems too firmly establislied. ‘ Transvaal 
System * seems by far the best name. ‘ Potchefstroom * is frightful. 

Report by Dr. F. H. Hatch. 

Since I am not in complete accord with some of the statements in 
Professor Gregory’s report, iwhajis I may be permitted to slate briefly 
my own views on the subject which forms the terms of reference to I he 
Committee. 

The oldest beds in South Africa known to be fossiliferoiis are those 
of the Cape System, and the fossil evidence shows tliem to be of 
Devonian age. Since, at the Cape, the Dwyka Series is in conformable 
relation with the uppermost division of the Cape System (the Witteberg 
beds) and the same series unconformably overlies the Waterberg sand- 
stone in the Transvaal, the latter must be older than the Witteberg beds ; 
that is, it must be either equivalent to the lowest division of the ‘Cape 
System (the Table Mountain sandstone), or it must be still older. It 
follows that the underlying systems in the Transvaal — the Potchef- 
stroom (or Transvaal), the Ventersdorp, the Witwatersrand, and the 
Swaziland Systems — must be all older than the Devonian. I have 
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shown elsewhere ^ that, without making any allowance for tl^' great 
intervals between the Waterberg and the Potchefstroom (or Transvaal) 
Systems, between the Potchefstroom and the Ventersdorp Systems, 
between the Ventersdorp and the Witwatersraiid Systems, and between 
the Witwatersrand and the Swaziland Systems, there are, reckoning 
from the base of the Waterberg and the top of the Swaziland Systems, 
at least 45,000 feet of strata; while the thickness of the Swaziland 
beds, which is, of course, very great, is unknown. 

The Swaziland System consists largely of crystalline schists with 
intrusive granite-bathyliths, and this, taken together with the fact that 
it lies below three big pre-Devonian Systems of strata, each separated 
from the one above it by great discordances, makes it not unlikely 
that this system represents the Archaoan, or a portion of the Archaean, 
of other countries. But since, after all, we only know with certainty 
that it is pre-Devonian, it would be belter for present purposes to 
eliminate the use of the word Archaean from South African geology 
altogether. The same reasoning applies to the suggested introduction 
of such terms as Algonkian and Archaeozoic. 

As to the Witwatersrand, the Ventersdorp, and the Potchefstroom 
(or Transvaal) Sysfems, any attempt at correlation with the systems of 
other countries is, in the absence of fossil evidence, out of the question. 

Coining nou^ io nomenclahnre, the name Wituatersrand System 
is DOW generally accepted. With regard to the Ventersdorp System, 
this name was proposed by myself ^ for a formation, comprising boulder 
bt;ds, conglomerates,® volcanic breccias and lavas, and totalling at least 
8,000 feet, which unconformably overlies the Witwatersrand System, 
and is itself transgressively overlain by the Black Beef Series, or lowest 
beds of the Dolomite Series. The name appears to me decidedly pre- 
ferable to Vaal River System, since the latter is apt to lead to a confu- 
sion between the topographical expression, 'River System,* and the 
stratigraphical term. Ventersdorp System has, moreover, the priority. 

With regard to ' Potchefstroom System ’ varma ‘ Transvaal System,* 
the latter term is the older ; but since the use of the name of a country 
for a system, which, after all, plays only a minor role in its geological 
structure, seemed as objectionable as if the Devonian System of England 
had been called the ‘English System,* Dr. Corstorphine and myself 
proposed that ‘ Transvaal System * should be abandoned in favour of 
‘Potchefstroom System,’ all three members of the system being de- 
veloped in the district of that name, and the nomenclature being in 
conformity with that used in the Witwatersrand, Ventersdorp, and 
Waterberg Systems. 

The term ‘ Lydenburg System * would have been eminently suitable 
but for the fact that Dunn had previously used it to include not only 

* Presidential Address to the Geological Society of South Africa for the year 1906. 
3Iin/uies of Proceedings^ Geol. Soc. South Africa, 1906, vol. ir. 

* F. H. Hatch: ‘The Boulder Beds of Ventersdorp,* Trans. Geol. Soc. South 
Africa, vol. vi. (1904), p. 95. ‘ Vaal River System * was proposed by Molengraaff in the 
English edition of Tlte Geology of the Transvaal (1904), p. 19. 

* Prof. Schwarz is incorrect in saying that this is a volcanic scries only, for it 
includes Imulder Ms, conglomerates, and sandstones of sedimentary origin (Elsburg 
Series). 
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the beds in question, but also everything down to the Namaqualand 
schists (/.c., tlio Swaziland System). 

Report by Sir T. II. Holland. 

I send Jierewith some notes ^"hich I have hurriedly written regarding 
the questions which you ask in your circular to the Committee on South 
African stratigraphy. It is difficult for me to say exactly how much of 
my Indian experience is of value to you, and it would be much more 
satisfactory, although I see that it is impossible, for the Committee to 
meet and fight out the undetermined questions. From my point of 
view, I have no right to vote on .any question except the wide one of 
retaining the term Archaean. For the rest, my remarks are no more 
than suggestions to those who have the requisite local knowledge. 

I am in favour of making two divisions for the pre-Palaeozoic rocks, 
and would suggest the retention of the term Archscaii for the basement 
complex of schists and gneisses. The Swaziland series of the Transvaal 
and Natal appear to be essentially similar in lithological characters to 
those of America included in the Archaean.^ Their stratigraphical 
position being in agreement with their lithological characters, they 
have as much right to be regarded as Archaean as have the formations so 
named in Fjurope, and the one point to remember is the fact that the 
term Archaean is expressive to the geologist, although no one could prove 
that the Archaeans of America, Europe, and South Africa are con- 
temporaries. The Swaziland Series bears a relation to the younger rocks 
very similar to that existing between Lawson’s Ontarian group and the 
Animikies, and a similar relation exists in India between the Dharwars 
and associated gneisses and schists, on the one hand, and the unfossili- 
ferous Cuddapahs and Bijawars, on the other. 

There is no justification for the recent American mutilation of Dana’s 
term Archaean ; the gneissose granites, granitoid gneisses, and schists are 
not necessarily older than the Iluronians of the typical area, and some- 
times probably they are younger. The separation of the granitoid types 
on the assumption that* they jx)ssibly represent parts of the primitive 
crust has no scientific foundation, for there may never liave been a 
primitive crust in the sense assumed in so many text-books that accept 
the Nebular Hypothesis as an unimpeachable gospel. Possibly rocks 
of the Huronian type, including even the conglomerates, were formed 
long before tlie growth of the globe noticeably ceased, and it therefore 
seems best to draw a group boundary line at the great Eparchflean 
interval which appears to be so world-wide. Below this lino are schists 
of all sorts, of sedimentary as well as of igneous origin, closely folded 
and foliated ; above this line, on such stable Horsts as the Great Lakes 
region in America, the central and southern parts of Africa, and the 
Peninsula of India, there are old, generally unfossiliferous, probably in 
all cases pre-Cambrian, rocks that are sometimes unaltered, sometimes 
folded locally, and sometimes metamorphosed locally, but not gathered 
into close folds with gneisses and schists. 

In peninsular India I propose to retain the name Archaean for 

* The Geology of Sovih Alrica, 1906, p. 1 
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the gneisses and schists, including many of obviously sedimentary 
origin. Some of these, distinguished as the Dharwars in the south, and 
as Aravallis, Champaners, and other local series in the north, recall many 
of the features of the Lower Huronians of Canada and of the Swaziland 
series in the Transvaal; hornblende-,' chlorite-, and the talc-schists 
interbedded with quartz-hematite and quartz -magnetite schists and, 
rarely, crystalline limestones, are common types in these formations. 
It is impossible to regard the closely folded Dharwars as having been 
laid down on the exposed surfaces of the gneisses near by, when the 
latter often show little more in the way of deformation than might be 
regarded as flow structures developed during consolidation. Yet gneissic 
pebbles are sometimes found in the Dharwar beds, though some of 
these, at any rate, are doubtfully true conglomerates. 

Some of the gneissose granites, indistinguishable from typical 
Archiean gneisses, are certainly younger than soni ' Dharwars, and 
generally it is impossible to unravel the mixture by any classification 
dependent on age. It is, therefore, far more convenient to group all 
such highly foliated rocks in peninsular India as Archa?an. The name 
involves no idea other than fi^reat age, and, has, therefore, none of the 
objections that might be offered to such terms as Azoic, Eozoic, and 
Archaeozoic. 

I do not see how the term Archa3an can give rise to confusion in 
South Africa, and it certainly does convey to the geologist the idea that 
there exists a collection of very ancient rocks which have their nearest 
probable equivalents among the Archaean of North America, India, and 
other parts of the earth’s surface where complications have not arisen by 
post-Cambrian folding. There appears to be no call for the manufacture 
of a local lerm in South Africa or in India; our so-called Archaean rocks 
may not be of the same age as those of America, but they have the 
same relative position in the scale, the same characters, and, with the 
perspective due to this distance of time, we arc justified in regarding all 
obviously Archfloan rocks as equivalent. 

Algonkian or Proterozoic. 

For the oldest rocks preserved after the great Eparcluean interval I 
propose to use llie term Purana in India. ^ The name means more 
than merely old, for the Puranas, although very old in Indian literature, 
are not the oldest; they are a r&chauffe of the more ancient Hindu 
literature — the alluvial products derived from the basement complex of 
the ArchtTan Vedas. Before the term Purana was suggested we had 
numerous local names for the old unfossiliferous formations resting on 
the Arch[Ban gneisses and schists — Cuddapahs, Bijawars, Gwaliors, 
Pengangas, Ohilpis, Kiirnools, Kaladgis, Bhirnas, and Vindhyans. We 
have no positive evidence for the age of these rocks beyond the limits 
Archasan below and about Middle Carboniferous above, the latter limit 
being that determined by the base of tlie Talchir stage of the Gondwana 
System. The Puranas may be wholly or in part pre-Cambrian in age, 

1 Holland : Presidential Address, Trana. Min. and Oeol InatiMe of India, vol. i., 
1906, p. lOi 
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but they appear to bo divisible into two divisions which certainly recall 
many of the fcjatures of the Animikies and Keweenawans of the Great 
Lakes region in North America, and although, in default of evidence to 
the contrary, it is probable that they are mostly pre-Oarnbrian, it is 
possible that the Upper Vindhyans were formed since the days of 
Olenellus. * One cannot help being reminded by the Upper Vindhyan 
red sandstones of the Cambrian purple sandstones of the Punjab Salt 
Range, and, because of the way they rest on old unfossiliferous rocks 
of great thickness, of the Potsdam sandstones of America; but these 
obvious temptations have to be resisted, for we have not only no fossil 
evidence, in spite of apparently perfect conditions in the shales and 
marls, but no definite periods of folding that could give a clue of cor- 
respondence with the periods of marked folding in Europe. The term 
Purana is thus of local value and cannot be offered except tem- 
porarily to assist South African geologists. 

The term Algonkian, however, has still less claim to be used in South 
Africa, and, after the mutilation it has undergone in America, it might 
bo dropped with advantage there also. The term Proterozoic implies 
conditions that have yet to be established with certainty and is thus also 
unsuitable. I would suggest, therefore, that a local term be used in 
South Africa for the post- Archaean, pre-Palaeozoic rocks. A term cor- 
responding to Purana might be suggested by someone conversant with 
the local languages ; otherwise a geographical term would have to serve. 
The term Eparchaean should be confined to the great interval between 
the Arcluean and the oldest of the Witwatersrand System, for we should 
not forget that the intervals of no record are as important almost in the 
history of the world as the periods of sedimentation, and the interval 
between the formation of the Swaziland schists and the Orange Grove 
quartzites may have been as great in time as that which has transpired 
since Olenellus lived. 

It would not assist the question to point out the lithological simi- 
larities between the Witwatersrand, Ventersdorp, and Potchefstroorn 
(Transvaal) Systems and the Purana rocks of India ; for if the Indian 
term were used in Soulh Africa it would be liable there, as here, to 
decapitation on the discovery of fossils in the higlier beds. One cannot 
help noticing, however, the similar ‘calico rocks,* the jaspers, and the 
great trap-flows that are prominent in our older Puranas, and the 
doloinitic, * Olifantsklip * limestones in parts of the higher beds. Not- 
withstanding its obvious objections, I would rather use the term 
Purana in South Africa than the term Proterozoic; the establish- 
ment of further correspondence with India is likely to be of greater 
value to geology than would be the study of fancied resemblances 
between South Africa and the Northern Hemisphere in Europe and 
America. 

Transvaal Questions. 

6. I vote for the retention of the term Archaean. 

7. Swaziland Series seems unnecessary, unless it can be used for the 
separation of the compact lithological series corresponding to the 
Huronians (Lower Huronians) of America and Dharwars of India. 
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8 to 11. I have no light to vote on the relative value of alternative 
local terms. 

In a subsequent letter, June 11, Sir T. H. Holland adds the 
following : — 

‘ It is not exactly correct to state that the Witwatersraiid System 
would be tlie South African equivalent of the American Algonkiaii, as 
tliis term is employed in America to include, besides the comparatively 
unaltered Keweenawan and Animikie Series, the foliated and closely 
folded (Lower) Huronians. The use of a system name to straddle 
across one of the greatest breaks known, namely, that between the 
(Lower) Huronians and the Animikies, is enough to condemn the term ; 
out, as it has been used so commonly in this way, it would be 
impossible now to use the term in South Africa; for the Swazi- 
land Series, according to Hatch and Corstorphine,^ evidently in- 
cludes rocks that would be included in the American Algorikian. 
If the term Algonkian had been made to extend from the base 
of the Cambrian to the epi-Huroniari, infra-Aiiimikie unconformity, 
it would have had an extended use in stratigraphy; but it is too 
late now to change its meaning. If, therefore, no suitable local term 
can be devised for the pre-Palaeozoic rocks lying unconformably on the 
Swaziland schists and gneisses, the Indian name Purana might be 
borrowed; it covers all old unfossiliferous rocks (in part or wholly j)re- 
Cambrian) down to the base of the oldest rocks resting unconformably 
on the gneisses, schists, and closely folded, inetamorjdiosed Dharwar 
(Lower Huronian) Series. 

'For all rocks below this ^roat break I use the term Arcluean in 
India, and, although this use of the term is not exactly that proposed 
by Dana (who evidently intended originally to include the unmetamor- 
phosed pre-PalsDozoic sediments), it corresponds to the recognised use 
of the term in Canada, and to the meaning adopted by Van Hise in his 
memoir on the “ Iron-Ore Deposits of the Ijake Superior Eegion ** (21st 
Ann. Eep. U.S. Oeol. Siirv., Part ITT.); that is, after he had published 
other vievys in his well-known Bulletin No. 8G on the Archaean and 
Algonkian.^ 

‘ It is true that local unconformities between the (Lower) Huronian 
(Dharwarian of India) and the older gneisses are shown by conglom- 
erates, and possibly in time the Archaeaii may be subdivided locally to 
recognise these. But, although these conglomerates, that include 
pebbles of gneiss, indicate a pre-existing gneissose series, there are many 
granitoid gneisses in the complex that are younger than the associated 
Dharwars (and — Lower — Huronians). Hence it is possible to split up 
the Huronian-Ijaurentian (Archaean) complex only locally, and this fact 
sliould be contrasted with the great widespread unconformity above the 
group composed of the basal complex and (Low’er) Huronian 
(Dharwarian) rocks. 

* Lithologically the Dharw^ars in India can be distinguished from the 
more crystalline gneisses and schists with which they are folded, just 
as the Huronians (Lower Huronians) can generally be separated from 

^ Geology of South Africa, 1905, p. 101. 

> See discussion by C. K. Leith, Joum, Oeol, z., 1002, p. 804. 
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the Laun‘iitiaiis ; but no one can say that tlie Iliironians are all younger 
than all tlie rocks that would be refidily ascribed to the Laurentian. Nor 
in India would it be right to say that the Dharwars are, as a whole, 
younger than many large spreads of granitoid gneisses, which our earlier 
workers readily assumed, in conformity wii.li the prevalent views of the 
time, to be older. Evidently, also, among the Swaziland and Namaqua- 
land Series there are many altered clastic rocks tliat retain enough of 
their original chemical (if not physical) characters to be distinguishable 
from the gneisses and granitoid rocks of the fundamental complex. 
These might be distinguished lithologically under local names ; but the 
whole mass of closely folded and foliated rocks ought to be placed to- 
gether in one group : for this group the name Archa?an might be con- 
veniently used, in spite of the fact that in its original sense it would cover 
the Witwatersrand beds, and in spite of the fact that its meaning has 
since been restricted by many American authors to the gneissose rocks 
of the basal complex. Clearly, if our terminology is to express strati- 
graphical history, the epi-Swaziland unconformity should be recognised 
as a great dividing line ; all below should be in one group, and for this 
group I would use the name Archaean; all pre-Palaeozoic rocks above 
should be given another group-name, either a local name or Purana. 

' I have already lodged objections against terms like Azoic, Eozoic, 
Archaeozoic, and Proterozoic; you might at the same time have led to 
the slaughter such terms as Hypozoic, Prozoic, and Pyro-crystalline ; 
Chamberlin and Salisbury have spoilt the chances of perpetuating their 
group-names by in\Terting the meaning of the term Archaeozoic as pro- 
posed by Dana. They have also unfortunately drawn a group-boundary 
line between the Hiironian and the Schist Series, at the same time 
including within their Proterozoic group an interval probably long 
enough to be regarded as an a?on. We cannot now use the term 
Archaeozoic for pre-Cambrian sediments and Azoic for the complex 
below. The use of the term Archaean that I have suggested corre- 
sponds with the classification adopted by Hatch and Corstorphinc. I 
have offered to lend the term Purana for the pre-Palaeozoic sediments 
above the Swaziland Seilos, as the term has been kept from the changes 
of meaning to which Algonkian has been subjected by the Americans. 

‘ Before you close your report, may I suggest that you should read 
again O. M. Dawson’s Address to Section C at Toronto in 1897? He 
there shows how the use of the term Huronian for the sedimentary 
rocks now known to the Canadian Survey as Animikie arose through a 
clerical error in describing the geographical distribution of Logan’s 
typical Pluronian. Unfortunatelv the rocks, thus indicated by mistake 
in the typical Huronian, are well exposed in a very accessible part of 
the lake shore, and thus a large number of geologists have gathered 
their ideas of the Huronian in a way that would not have been possible if 
these wrongly included exposures were in a very inaccessible region. 
You will remember that the break between the Huronian proper and the 
Animikie Series, on which Dawson laid so much stress, was also 
noticed by Van Hise in his paper on “An Attempt to Harmonise 
some •apparently Conflicting Views of Lake Superior Stratigraphy” 
(Amer. Journ. Sci.y Series iii., vol. xl. 1891, pp. 117-137). Van Hise 
pbserved the importance of this great break too late apparently to enable 
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him to rearrange his ideas for his Bulletin No. 86, and it was only after- 
wards, when writing his memoir on the Lake Superior Iron-Ores, that 
he broke loose from the American Survey traditions and grouped to- 
gether in the Archsean the sedimentary iron formations of Vermilion 
and Marquette, which he had formerly placed in the Algonkian.* 

Report by Mr. H. Kynasion. 

Older Rocks. 

While fully admitting the desirability of securing greater uniformity 
of geological nomenclature between the different colonies, I consider it 
inadvisable at present to introduce names of European or American 
groups and systems into South African geology, except for purposes of 
comparison and correlation. These can be clearly defined in the 
Northern Hemisphere, but are not so suitable for Soutli African Strati- 
grnphy, even if the ages wore known of all the South African forma- 
tions. For example, the Karroo System includes a practically uninter- 
rupted succession of beds, which can be correlated with strata ranging 
from the Carboniferous to the Jurassic. 

With regard to the term Archsean, there is not so much objection to 
this as there is at present to the use of such strictly defined terms as 
Palaeozoic, Mesozoic, &c., provided it is employed in its wide sense. 
If so used, it might provisionally include all rocks older than the Wit- 
watersrand System — i.c., the older granites, the Swaziland sedimentary 
beds‘(Moodie*s series in the Eastern Transvaal and Kraaipan formation 
in the West and Bechuanaland Protectorate), and the basal gneissic and 
schistose complex. It would be unwise to include the Witwatersrand 
System also in the Archaean, as we do not yet know whether this may 
not correspond to part of the early Palaeozoic. 

Ventersdorp System. 

The rocks included in this system liave not yet been properly sur- 
veyed or classified in the Transvaal, but they should certainly rank as a 
separate system, since there is a marked break both above and below 
them, and they include sedimentary as well as volcanic rocks, both in 
the Transvaal and Cape Colony (Bechuanaland and Griqualand West). 
In the north of tlie latter colony they have been subdivided into three 
series, which are probably also developed in the western Transvaal. 

Transvaal System. 

We consider this to be a suitable term, which should be retained, 
especially since it is now generally in use in South African geological 
literature, for the Black Reef, Dolomite, and Pretoria series, the equiva- 
lents of which in northern Cape Colony are as follows, in descending 
order: — 

Griqua Town series. 

[The Ongeluk volcanic series, or Middle Griqua 
Town beds of Rogers, are probably represented 
by the basic amygdaloidal lavas in the middle 
of the Pretoria scries.] 


Pretoria series 


Dolomite scries « 
Black Reef scries • 
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The Waterberg System. 

According to the detailed work of Mr. Mellor in the Middelburg 
district this system may be subdivided as follows: — 


Upper 

Liowcr 


Sandstone and quartzite series 
f Shale and sandskne series . . 'j 

A Volcanic series, with interbedded [ 
\ shales and sandstones J 


N. Cape Colony 
Upper Matsap beds. 

Probably Middle (volcanic) 
and Lower Matsap. 


The Sijarira and Unikondo series of Rhodesir may very probably bo 
the equivalent of the Waterberg System. 


^ Karroo System. 

With regard to the classification of this system, we consider that 
that of Gape Colony should be followed as far as possible, as it is there 
that the system has its maximum development ; also it is important to 
distinguish clearly between the glacial and non-glacial beds, between 
which there is apparently in the Transvaal a slight unconformity. We 
also approve of the proposal of tlio Cape Colony members of the Com- 
mittee to abandon the term Ecca and extend that of Beaufort to 
include the Ecca. The term Dwyka, however, should be retained to 
include the beds of glacial origin at the base of the system. 

The following table represents the Karroo System as developed in 
the Transvaal, with the probable Cape Colony and Rhodesian equiva- 
lents : — 

Karroo System. 


Lebombo rhyolites 
Volcanic series - Bushvcld amygda- 
loids 


(absent) 

Volcanic group \ 


cn 

•s 


Tuli amygdaloid and 
Batoka basalts. 


Bush veld sand- 
stone scries 


Fine red ani yellow 
sandstones 
Sandy marls and 
shales 


Cave sandstone 
Red bc<ls 


Coal-measure series 


Moltono beds ? 
. Beaufort seritB 


(>Slight unconformity) . 


Glacial conglomerates and 
(Dwyka) 


• . Ecca (practi- 

cally absent 
jnTransvaal)» 
shales Dwyka series 


' Forest sandstones, 
Sainkofo series and 
J Klaballa sandstones 
of Bcehuanaland' 
r^tectorato. 


Coal-mcasuro series 
(including cscarp- 
niciit grits, Matobola 
and Busso beds). 


Glacial conglomerates. 


Report by Mr. P. P* MENNfiLL. 

Re the South African Correlation Committee, I beg to submit the 
following notes, suggestions, and criticisms on Professor Gregory's draft 
report 
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On page 124, under by the reference to ‘ mica schists,’ &o., might 
well he omitted, as the South African rocks are almost exclusively 
horn-blcndic and usually massive. 

Rc Swaziland System, there is no evidence whatever of its relation- 
ships to the rocks of other parts of South Africa, and, moreover, where 
are we to find a reliable and detailed field and petrographical account of 
the typical area to provide a basis for comparison? The Malmesbury 
beds are far more likely to be equivalent to the Rand group than to the 
Swaziland series, provided the latter do not prove to be metamorphosed 
representatives of the former. 

Re term Archaean, it should, of course, be used in the comprehensive 
sense in which it was originally proposed, and include therefore such 
rocks as those of the Rand. Any divisions of the older rocks should be 
considered merely as subdivisions (systems) of the Archaean group. 
The term Algonkian is not very euphonious — Huronian would be far 
better if such terms are needed, which I doubt. It has also to be 
remembered that, barring a few doubtful ‘ Basement schists, ' in 
Rhodesia, at least, all the crystalline ‘ basal complex ’ are altered igneous 
rocks intrusive in the schists of sedimentary origin. The same fact was 
accepted by the InternaLional Conference of the United States and 
Canadian geologists, I notice, lately, for the relations of the L-aurentian 
and Huronian rocks. 

Re othsr matters, why not shorten * Witwatersrand ’ to the far 
more euphonious ‘ Rand,’ which everybody really uses? I agree with 
Professor Schwarz re the Vaal River or Ventersdorp series; as igneous 
rocks they have no claim to the rank of a separate system. I must 
confess, indeed, that I do not like to use names for ‘ systems * wliich 
are unknown to other parts of the world, though we must, of course, 
have local names for purely local purposes. 

I consider it premature to subdivide the Rhodesian coal-beds, as the 
divisions made by Mr. Molyneux at Sengwe cannot be recognised even 
at Wankies, which is a very short distance off, as things go in South 
Africa. There also appear to me the strongest objections to including 
theUorest sandstones even ])rovisionally among the Karroo beds, though 
the latter do appear to include nearly the whole Mesozoic period. The 
Forest sandstones are a]q)arently separated by a great unconformity 
from the underlying upper beds of the Coal series (presumably Upper 
Beaufort, or even later), and it is not very clear either that they do not 
include beds of very different ages. It may be noted that tho red beds 
of the Forest sandstones occur above the basalts, or, in rare cases, 
inlercolated between them. 

The following is the Rhodesian sequence as at present known : — 

Somabula gravels and sands . 

Forest sandstones with interbedded basalts 
Goal series (= Beaufort and Ecca beds) . 

Sandstones (T Waterborg) 

Dolomite 

Conglomerate series, with interbedded lavas 
Banded ironstone series 
? Basoment schists . • • • 


? Tertiary. 

7 Cretaceous. 

Permian. 

7 liower Palseozoio. 

I Archaean (with iiitru* 
J sive granites, &o.J. 
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Report by Dr. A. W. Eogers. 

t lliiiik ilie rosult of the discussion is cliielly of value in sliowihg 
how we stand in these matters, though I am very sorry that all the 
trouble you have taken lias not produced the unanimity you would like. 

I think you are inclined to overestimate the present value of our 
knowledge of South African geology. One great defect is the want of 
information as to the relative ages of Jhe large granite intrusions. If 
we could say with certainty that the Cape Town, Narnaqualand, Gor- 
donia, Bechuanaland, and Transvaal (old) granites were of one age, 
I would gladly agree to the term Swaziland System for all older 
sedimentaries ; but this is not the case, and the N.W. Cape area ia 
too little known to allow the matter to be fairly discussed. In ten 
years' time, perhaps, we shall be better off. 

Both du Toit and I are at the present moment much exercised — 
both in leg and mind — on this granite question. We do not agree on all 
points, but that is not from any motive but a desire to get to the 
bottom of it. I do not like to throw whatever weight my decision would 
carry into one scale at present. 

I think Schwarz’s scruples about the Vaal or Ventersdorp System 
well founded. I think I made a similar sort of remark in Annual 
Report for 1906, but cannot refer you to the page, as I am in camp in 
Prieska district. It comes in the section on the Prieil series in a report 
on Vryberg and Kuruman. 

The connections between the Vaal and Transvaal ‘ systems ’ is very 
close, and the unconformities are not limited to the break between the 
two systems. 

Supplementary Report by Dr. 

Since I wrote the above notes I have spent tlie best part of a year 
in Natal, and have had an opportunity of studying the ancient floor of 
crystalline schists and intrusive granites which there emerges from 
below the horizontally bedded Karroo and liable Mountain Sandstone 
formation, and is admirably exposed in the deeply incised valleys of 
i^ululand. The schistose ix)cks, which are largely of sedimentary 
origin, are of great variety — dark-colourcd liornblende-schists much 
permeated with aplite and pegmatites, and frequently cut by intrusions 
of serpentine, occur in the Mpapala, Fort Yolland, and Lower Tugela 
River districts; mica-schists and kyanite-schists, in the Nkandhla 
Forest and on the Bobe Ridge; micaceous and chloritic scliists, in the 
Mfongosi Valley; conglomerates, quartzites, quartz-felspar-schists, and 
sericite-schists, in the Buffalo River and Tnsuzi Valleys; and magnetite- 
quartz-schists, jasper-schists, and quartzites, in the Vryheid district. 

There is no lithological succession tliat at all resembles the typical 
Rand section, and I do not think that representatives of the Witwaters- 
rand System exist in Natal. Nor do T agree with Voit^ that the horn- 
blende-schists, with their pernieaiion veins of aplite and pegmatite, 
can bo directly correlated with the Lewisian or Laurentian gneiss. 

With regard to the red sandstone and conglomerate formation, 

* Trans, Qeol, Soc, S.A,, vol. x. (1907) pp. 93 04, 

1910 h 
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which, since the days of Sutherland, has been correlated with tlie Table 
Mountain Sandstone of Cape Colony, this formation bears the closest 
resemblance to the Waterberg Sandstone of the Transvaal, and thus 
lends further support to the correlation of the latter with the Cape 
formation. If this view be correct, the Matsap beds of Griqualand 
West, which have been sliown by Rogers ’ to be older than the Table 
Mountain Sandstone of the Cape, cannot be correlated with the Water- 
berg Sandstone of tlie Transvaal.. 


Photographs of Geological Interest, — Seventeenth Report of the Conp 
miltee, consisting of Professor J. Geikie (Chairman), Professorj 
W. W. Watts and S. H. Reynolds (Secretaries), Br. Tempest 
Anderson, Mr. 6 . Bingley, Dr. T. G. Bonne y, Mr. C. V. Crook. 
Proiessor K J. Garwood, Messrs. W. Gray, R. Kidston, anJ 
A. S. Reid, Br. J. J. H. Teall, and Messrs. R. Welch, W. 
Whitaker, a?id II. B. Woodward. (Drawn up by the Secretaries.) 

The Committee have to report that since the issue of tlie last report 
in 1908 there have been received 410 photographs for the national 
collection. The total number in the collection is now 5,227, and the 
yearly average amounts to about 250. 

These photographs have been received, acknowledged, catalogued, 
mounted, and stored at a cost to the Association of 4*6tZ. per print, 
or, adding the collection of about 453 duplicates, accost of 4'3(Z. per 
photograph. 

The Geological Survey continues to jirovide accommodation for tlio 
btorage of the collection and provides facilities for inspection by the 
public and work upon the collection by the Secretaries. 

The annexed geographical scheme shows the distribution of the 
new accessions among the counties. Dumba^’tonshire figures in the 
scheme for the first time, and notable additions are recorded in the 
counties of Dorset, Gloucester, Somerset, Yorkshire, Pembroke, 
Inverness, Galway^ Mayo, and the Isle of Man. 

The principal contributors this year ure Mr. Bingley and Professor 
Reynolds. The former continues his survey of the Yorkshire coast, 
and sends also series from Richmond, Leeds, and Pickering. He con- 
tributes, moreover, photographs from the Isle of Man and the Welsh 
borderland. Professor Reynolds gives a set of serial sections taken on 
both sides of the classical Avon Gorge, and series from Skye and the 
Dorset coast. In addition, bo sends photographs from Hereford, 
Somerset, Yorkshire, a considerable Welsh series, chiefly Carboniferous 
and volcanic, and several sets from regions in Scotland and Ireland. 

Ah interesting and beautiful set of Carboniferous and Devonian 
volcanic photographs comes from Mr. R. Vowel 1 Sherring, and 
examples taken during excursions of the Geologists* Association by 
* The Geology of Cape Colony (London, ‘009), p. 111. 



Counties 




Previous 

Collection 

Additions 

(1910) 

Total 

Jnoland — 

Cornwall . 




88 

4 

. 92 

Devonshire 




206 

2 

208 

Dorset 




136 

38 

174 

Gloucestershire . 




84 

39 

123 

Herefordshire . 




2 

3 

5 

Hertfordshire . 




20 

2 

22 

Kent . 




155 1 

6 

161 

Shropshire . 




63 

1 

64 

Somerset . 




122 1 

47 

169 

Staffordshiro 




54 i 

2 

56 

Surrey 




69 

6 

75 i 

Sussex 




18 

8 

26 j 

Yorkshire . 




888 

72 

960 I 

Others 




1,149 

— I 

1,149 ! 


Total .... 

3,054 

i 230 

j 3,284 

Wales — ' i 

(Jarnarvousliiro .... 

109 

9 

118 

Donbi'^hshiro .... 

16 

8 

24 

Merionethshire .... 

52 

, 1 

53 

Mouigomcryahiro 

13 

4 

17 

Pcnibrokcshiro .... 

45 

18 

' 63 

Radnorshire .... 

21 

5 

26 

Others 

103 

— 

103 

Total .... 

359 

45 

401 

Channel Islands 

38 

- 

38 

Isle of Man 

61 

41 

102 

Scotland — 

Argyllshire 

36 

4 

40 

Ayrshire 

6 

16 

22 

Dumbartonshire 

— 

4 

4 

Edinburgh 

54 

1 7 

61 

Inverness-shire .... 

143 

i 34 

177 

Others 

299 


299 

Total .... 

538 

()5 

: 603 

Ireland — 

Dublin 

44 

i 

! ^ 

49 

(lalway 

33 

13 

46 

Mayo 

14 

i 11 

25 

Others 

578 


578 

Total .... 

669 

29 

608 { 

Rock STnucTCUEs, &c. 

98 

— 

98 

Summary . 

England 

3,054 

' 

230 

3,284 * 

Wales 

359 

45 

404 

Channel Islands 

38 



38. 

Isle op Man 

61 

41 

102 

.Scotland 

538 

65 

003 

Ireland . . . . • . 

609 

29 1 

698 

Rock Structures, &c. 

98 

98 

Total . s , . . ! 

! 4,314 1 

410 

5,227 
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Mr. T. W. Reader and Mr. James Parker. Mr. Preston contributes 
Cornish photographs taken with his usual skill. 

Other contributors include Mr. E. S. Oobbold, Mr. A. H. Bassano, 
Mr. Baldock, Mr. Eodda, Mr. Russell P. Gwinnell, Mr. A. E. V. 
Zealley, Miss M. S. Johnston, and Miss Hendriks. To all these ladies 
and gentlemen the Committee owe and desire to tender their thanks. 

No important additions have been made to the duplicate series. The 
slides have been exhibited by Mr. Whitaker to the following, among 
other Societies: The Battersea Field Club, the Hastings and St. 
Leonards Natural History Society, the Croydon branch of the Selborne 
Society, the Holmesdalc Natural History Club, the Ipswich and District 
Field Club, the Tunbridge Wells Natural History Society, and tlie 
South Croydon Ijitcrary Society. 

The Committee note with pleasure the issue by His Majesty’s 
Geological Survey of a first list of geological photographs taken by the 
staff of that body, and tliat the issue of a list of photographs taken by 
the Scottish staff is promised shortly. The Geologists’ Association also 
continues to encourage the taking and registration of geological photo- 
graphs. 

Applications by Local Societies for tlie loan of t he duplicate collection 
of prints or slides should be made to one of the Secretaries. A descri})- 
tive account of them can also be lent. The carriage and the making 
good of any damage to slides are the only expenses to bo borne by the 
borrowing Society. 

The Committee recommend that they be reappointed, that 
Professor J. Geikie bo Chairman, and Professors W. W. Watts and 
S. H. Reynolds joint Secretaries. 

SEVENTEENTH LIST OF GEOLOGICAL PHOTOGRAPHS. 

From August 22 , 1908 , to August 23 , 1010 . 

This is a list of the geological photographs winch liave been received 
and registered by the Secretaries of tlie Committee since the publication 
of the last Report. 

Contributors are asked to affix the registered numbers, as given 
below, to their negatives for convenience of future reference. Their own 
numbers are added in order to enable them to do so. 

* indicates that photographs and slides may bo purchased from the 
donors or obtained through the address given with the series. 

Copies of other photographs desired can, in most instances, be 
obtained from the photographer direct, or from the officers of the local 
society under whose auspices the photograph was taken. The cost at 
which copies may be obtained depends on the size of the print and on 
local circumstances, over which the Committee have no control. 

The Committee do vot aasuine the copyright of any photographs 
included in this list. Inquiries respecting photographs, and applica- 
tions for permission to reproduce them, slionld be addressed to the 
photographers direct. 
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Copies of photographs should «be sent unmounted to 
Professor S. H. Reynolds, 

The University, Bristol, 

accompanied by descriptions written on a form prepared for the purpose, 
copies of which may be obtained from him. 

The size of photographs is indicated as follows : — 

L= Lantern size. 1/1 = Whole-plate. 

1/4 = Quarter-plate. 10/8 = 10 inches by 8. 

. 1/2= Half-plate. • 12/10=12 inches by 10, &c. 

£. signifies Enlargements. 


ACCESSIONS, 1908-1910. 

ENGLAND. 

Cornwall. — Photographed by Harold Preston,* Alveme House, 
Penzance. 1/1. 

Rcgd. 

No. 

4801 (12) Ferranuthnoe, Mounts Bay . Marino erosion of cliffs of * head.’ 1908. 

4802 (13) Trevono Cove, Ferranuthnoe, Raised Beach. 1908. 

Mounts Bay. 

4803 (14) Fornanvon Cove, St. Just . „ „ 

4804 (15) „ „ . „ (near view). 1908. 


Devonshire. — Photographed by P. T. Blackburn,* Budleigh Salterton. 
Presented by E. S. Cobbold, F,G,S. 1/2. 

4805 ( ) Budleigh Salterton. . . Febblo Bed, faulted. 1909. 

4806 ( ) ,, ... Fcbble Bed and false-bedded Sand. 1909. 


Dorsetshire. — Photographed by Professor S. H. Reynolds, M,A., F.O.S., 
The University, Bristol, 1/4. 


4807 (06, 100) Black Nore Foiiit, Fort- 

land Isle. 

4808 (06, 101) Black Nore Foint and 

neighbouring clifTS, Fortland Isle 

4809 (06, 102) Black Nore Foint and 

neighbouring cliffs, Fortland Isle 

4810 (06, 103) Black Nore Foint and 

neighbouring cliffs, Fortland Isle 

4811 (06, 104) Near Black Nore Foint, 

Fortland Isle. 

4812 (06, 106) W. side of Fortland Isle 

4813 (06,107) „ 

4814 (06, 108) Black Nore Foint, W. 

side of Fortland Isle. 

4816 (06, 109) Black Nore Foint, W. 
side of Fortland Isle. 

4816 (06, 110) Fortland Bill . . . 

4817 (00. Ill) 

4818 (06, 112) S. of Black Nore Point, 

Fortland. 

4819 (06, 114) S. of Black Nore Foint, 

Portland. 

4820 (06, 113) Near Easton, Portland . 


Fortland Stone underlain by Portland 
Sand. 1906. 

Cliffs of Fortland Beds capped by Pur- 
beck. 1906. 

Cliffs of Portland Beds capped by Pur- 
beck. 1906. 

Cliffs of Fortland Beds capped by Pur- 
beck. 1906. 

Chert bands in Fortland Stone. 1906. 

Marine erosion of Portland Beds. 1906. 

Talus of Fortlandian. 1906. 

Fortland Stone on Portland Sand. 1906. 

Fortland capped by Purbcck, big talus 
at foot of cliff. 19()6. 

Fortland Stone. 1906. 

*t >» 

Stools of trees in Purbcck Beds. 1906. 


»» M »» 

Contorted Furbeck in railway cutting. 
1906. 
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Hcgd. 

No.. 

48#il (06, 115) Near Portland Bill . . Raised Beach on Portland. 1906. 

** ** ** 

4823 (06, 117) Bran Point, Osmington Ledges formed of hard bands in the 

Corallian. 


4824 (06, 119) Osmington Mills . 

4825 (06, i20) Bran Point, Osmington 

48£6 (06, 121) Bcncliff, near Weymouth 

‘48‘iT (06, 122) Cliffs N. of Sandsfoot, 
* Weymouth. 

4828 (06, 123) Osmington Mills . 

4829 (06, 124) „ . . 

4830 (06, 125) „ . . 

4831 (06, 126) Near Sandsfoot Castle, 

Weymouth. 

1832 (06, 127) Near Sandsfoot Castle, 
Weymouth. 

4833 (06, 128) Near Sandsfoot Castle, 

Weymouth. 

4834 (06, 129) Sandsfoot, near Wey- 

mouth. 

4835 (06, 130) Sandsfoot, near Wey- 

mouth. 

4836 (06, 131) Sandsfoot, near Wey- 

mouth. 

4837 (06, 132) Portland .... 

4838 (06, 133) Between White Nothc 

and the Durdio Promontory, 

4839 (06, 135) Cliff E. of Holuorth 

House, N.E. of Weymouth. 

4840 (06, 136) (liff E. of Holworth 

House, N.E. of Weymouth. 

4841 (06, 138) The Hurdle Promontory 

and the neighbouring cliffs. 

4842 (06, 140) Near Holworth House, 

W. of White Nothe. 

4843 (06, 143) Near Holworth House, 

W. of White Nothe. 

4844 (06, 142) Near Holworth House, 

VV. of White Nothe. 


Corallian section, Sandsfoot Beds above, 
Trigonia Beds below. 1906. 

Corallian section, Sandsfoot Bods with 
Trigonia Beds at foot of cliff. 1906. 

Corallian section, Sandsfoot Grit on 
Sandhfoot Clay. 1906. a 

Trigonia Beds at foot of cliff. 1906. 

Large dogger in the Bcncliff Grits. 1006. 

»> ff ff tf 

»» »» »» *» 

Ferruginous concretions in the Sandsfoot 
Grits (Corallian). 1906. 

Femiginous concretions in the Sandsfoot 
Grits (Corallian). 1906. 

Ferruginous concretions in the Sandsfoot 
Grits (Corallian). 1906. 

Branching ‘ fucoidal bodies ’ in the Sands- 
foot Beds (Corallian). 1906. 

Branching ‘ fucoidal bodies’ in tlie Sands- 
foot Beds ((’orallian). 1906. 

Branching ‘ fucoidal bodies’ in the Sands- 
foot Beds (Corallian). 1906. 

End of the Chesil Beach. 1906. 

Chalk Cliffs. 1906. 


Chalk resting on Uj)i)cr Greensand. 
1906. 

Chalk resting on Upper Greensand. 
1906. 

The Durdio Promontory is Portland ian ; 
• the high cliffs to the loft are Chalk. 
1906. 

Unconformablo junction of Upper Cre- 
taceous and Upper Jurassic. lOOti. 
Unconformaolc junction of Upper Cre- 
taceous and Upper Jurassic. 1906. 
U])per Jurassic rocks, Porilandian section 
to the left, Kinimeridgo Clay in right 
lo .er half. 1906. 


Gloucestershire. — Photographed by Miss Eileen Hendriks, 

405 Ilagley Road, Birmingham. 1/4. 

4845 ( ) Dudbridge, nr. Stroud . . Pit in Middle Lias. 1908. 

4846 ( ) Brcakheart Hill, nr. Nibley Upixjr Trigonia Grit and Freestone ; 

' false bedding. 1908. 

4847 ( ) Cam Long Down, nr. Nibley An outlier of the Cottesw'olds. 1908. 

Photographed by Miss M. S. Johnston, Hazelwood, Wimbledon. 1/4. 

4848 ( ) Lcckhampton Hill . • • Upper Trigonia Grit resting on bored sur- 

face of Notgrove Freestone. 1908. 

4849 ( ) Damcry Bridge, nr. Tort- Quarry in Trap. 1908. 

worth. 

4850 ( ) Damcry Bridge, nr. Tort- M N 

worth. 
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Photographed by Professor S. H. Reynolds, F,G,S,, 

The University, Bristol. 1/2 and 1 / 4 . 

Bogd. 

No. 

4851 (05, 21) Avon section, lower cut- Modiola Beds (Km.). 1005. 

ting on Avonmouth line. 

4852 (05, 22) Avon section, upper cut- Bryozoa Bed (hor. a) and Modiola BeJ 

tin r on Avonmouth lino. (hor. Km.). 1905. 

4853 (05, 23) Avon section, lower cut- Modiola Bods (Km.). 1905. 

ting on Avonmouth line. 

4854 (05, 24) Avon section, lower cot- Bryozoa Bed (hor. aj and ModioU 

ting on Avonmouth lino. (hor. Km.*). 1905. 

4855 (05, 25) Avon section, mouth of Passage Beds to O.R.S. 1905. 

Burdham Down tunnel. 

4856 (05, 20) Avon section. Sea Walls, Z and K Bods. 1905. 

&o. 

4857 (05, 27) Avon section, general Succession Z, to D,. 1905. 

Si lew from the N. 

4858 (03, 28) Avon section, Black Rook Z Beds with K Beds below. 1903. 

Quarry and other exposures. 

4859 (05, 29) Avon section, Black Rook Z Bed;s and part of C Bods. 1905. 

Quarry. 

4860 (05, 30) Avon section. Press, and Z Beds. 1905. 

Black Rook Quarries. 

4861 (99,31) Avon section, '.he Gully. C Beds, Dolomites and Caninia Oolite. 

1899. 

4862 (05, 31) Avon section, between the Caninia Dolomites (C>). 1905. 

Great Quarry and the Gully. 

4863 (05, 32) Avon section. Gully and Caninia Dolomites and over and under- 

end of Great Quarry. lying strata. 1905. 

4864 (05, 33) Avon section, N. einls Detail S, Beds. 1905, 

Great Quarr3\ 

4865 (05, 34) Avon section, Groat S Bods. 1905. 

Quarry. 

4866 (05, 36) Avon section. Great S Bods and base of Dj. 1905. 

Quarry. 

4867 (05, 36) Avon jootion, Clifton • D Bods between Point Villa and the 

Great Quarry. 1905. 

4868 (05, 38) Avon section. Bridge Succession S| to D.^ and the fault. 1905. 

Valley road, &o. 

4869 (05, 39) Avon seotiop, N. of Ob- Beds with thrust over them. 1905. 

servatory Hill, Clifton. 

4870 (05, 40) Avon section, Observa- Beds thrust over D.^ Beds. 1905. 

tory Hill and the Suspension 
Bridge. 

4871 (06, 41) Avon section, Clifton S3 repeated by the fault. 1905. 

Down. 

4872 (99, 36) Avon section. Observa- Sg Beds thrust over D,, Beds. 

tory Hill. 

4873 (06, 43) Avon section, between the Upper S3 Bods and lower D, B.'ds rc- 

old zigzag path and the Bridge. peated by the fault. 1906. 

4874 (05, 44) Avon section. Groat S and D Beds. 1905. 

Quarry to Point Villa. 

4875 (05, 46) Avon section, Clifton • D, (and part of D3) repeated by the 

fault. 1905. 

4876 (06, 164) Shirehampton cutting • Syncline of O.R.S. overlain by Doloinitic 

Conglomerate. ,1906. 

4877 (08, 1) Brinkmarsh Quarry, Whit- Wenlock Beds with Limestone bands rc- 

ficld, near Tortworth. placed by Gclestine. 1908. 

4878 (08, 6) CuUimore’s Quarry, Char- Ashy Limestone of Silurian age occupy • 

field Green. ing a hollow- in Amygdaloidal Basalt. 
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Regil* 

No. 

<8T9 (06. 165) Gudon Oifl on the 

Severn. 

4880 (06, 166) Garden CliS on the 

Severn. 

4881 (06, 167) Garden CliS on the 

Severn. 

4882 (06, 168) Garden CUff on the 

Severn. 

4883 (06, 169) Garden Cliff on the 

Severn. 


General view, Keuper, Bh»tio and base 
of Lias. 1906. 

General view, Keuper, Bheetio and base 
of Lias. 1906. 

Top of Keuper and base of Bbotio. 

mxi. 

Bed Keuper Marls forming west end of 
section. 1906. 

Lower part of the Bhastic Series. 1906. 


Herefordshire. — Photographed by Professor S. H. Reynolds, M.A,, 
F.G.8., The University, Bristol. 1/2 and 1/4. 

4884 (08, 50) Bartestree Quarry • • Basie dyke in Old Bed Sandstone. 1908. 

4886 (08, 53) „ „ . . Junction between Dolorite (left) and 

altered Old Bed Sandstone (right) 
northern junction. 1908. 

4886 (08, 54) „ • Junction between Dolerito (right) and 

altered O.B.S. (left) southern junC’ 
tion. 1908. 

\ Hertfordshire. — Photographed by T. W. Reader, F.G.S., 

17 Gloucester Road, Finsbury Park, N, 1/4. 

4887 ( ) Chadwell Spring, Hertford . Head of New Biver Waterworks. 1909. 

4888 ( ) ,, ,, • » ft 


Kent. — Photographed by T. W. Reader, F.G.S., 17 Gloucester Road, 
Finsbury Park, N. 1/4. 

4889 ( ) Otford Station . . . Chalky rainwash. 1909. 

4890 ( ) „ ... 

4891 ( ) Kemsing Old chalk quarry, with ‘pipes.’ 1909. 

4892 ( ) Green Street Green . . Gravel pit. 1909; 

4893 ( ) „ 

4894 ( ) „ ...... 

Shropshire. — Photographed by Godfrey Binolby, Thomichurst, 
Ileadingley, Leeds. 1/2. 

4896 (8064) Selattyn • • • . Carboniferous Limestone with Litho’> 

sirotion irregulare. 1908. 


Somerset. — Photographed by James Parker, M.A., F.G.S.f 
21 Turl Street, Oxford. 1/4. 


4898 (8) Boulting 

4897 (7) Waterlip Quarry, nr. Fromc . 

4898 (3) Vallis Vale . • • • 

4899 ( 2 ) „ . . . . 

4900 (i> . . . . . 


Quarry in Boulting Stone, Inferior Oolite. 
1909. 

Carboniferous Limestone, /9, Z|, Z,. 
1909. 

Inferior Oolite resting unconformably on 
Carboniferous Limestone. 1909. 
Inferior Oolite resting unconformably on 
Carboniferous Limestone. 1909. 
Inferior Oolite resting unconformably on 
Carboniferous Limestone. 1909. 
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Photographed by B. VowBUi Sherbino, F.6.8., HcXUttrow, nr. Bristol, 

10 / 8 . 

Kegd. 

No. 

4901 (1) Snnnyhill Quarry, nr. Stoke Tuff and Andesite, 1907. 

Lane. 

4902 (2) Sunnyhill Quarry, nr. Stoke „ „ „ 

Lane. 

4903 (3) Moon Hill, nr. Stoke Lane • Vent ; ashy Conglomorato. 1907. 

4904 (Sn) f, ,f • ,f ,, 

4905 (4) Beacon Hill, from Moon Hill . 1907. 

4906 (A) Spring Cove, nr. Weston- Carboniferous Agglomerate. 1907. 

super-Mare. 

4907 (B) Spring Cove, nr. Weston- Carboniferous Limestone and volcanio 

super-Mare. rooks. 1907. 

4908 (C) Middle Hope Bay, nr. Wood- Carboniferous Limestone, ashy. 1907. 

spring Priory. 

4909 (£) Middle Hope Bay, nr. Wood- „ „ „ „ 

spring Priory. 

4910 (D) Middle Hope Bay, nr. Wood- Limestone with Zapkraitis and volcanio 

spring Priory. ash. 1907. 

4911 (F) MidSo Hopo Bay, nr. Wood- Massivo Limestone with lapilli in lower 

spring Priory, part. 1907. 

Photographed by Professor S. H. Reynolds, M.A,, F.G.8., 

The University, Bristol. 1/2 and 1/4. 

4912 (05, 17) Worlc Hill. . . . Carboniferous ; folded S Beds. 1905. 

4913 (05, 47) Avon section, Leigh Quarry 1 and 2 with the succession from 

Woods. Z, to C,. 1906. 

4914 (05, 48) Avon section, Leigh Quarry 1, 2 and 3 with the succession 

Woods. from Z, to C^. 

4916 (05, 49) Avon section, Leigh Quarry 4 and 5 with the S.., and lower D, 

Woods. Beds. 1905. 

4916 (05, 50) Avon section, Leigh Quarry 2 and 3 with the succession from 

Woods. Z* to C*. 1906. 

4917 (06, 62) Avon section, I^eigh Quarry 6 with Sa Beds and base of D,. 

Woods. 1906. 

4918 (06, 63) Avon * section, Leigh Quarry 6 with upper Sa and lower D, 

Woods. Bods. 1905. 

4919 (06, 69) Source of Axe, Wookey 1906. 

Cave. 

4920 (06, 147) The Ebbor Gorge, Men- Gorge in Carboniferous Limestone. 1906. 

dips. 

4921 (06, 149) O.B.S. of Woodhill Bay, Shales on massive Sandstone. 1906. 

Portishead. 

4922 (06, 161) O.B.S. of Woodhill Bay, Limestone and Conglomerate. 1906. 

Portishead. 

4923 (06, 162) O.R.S. of Woodhill Bay, Conglomeratic layer overlying Calcareous 

Portishead. layer. 1906. 

4924 (06, 167) S.E. of Moon’s Hill, Quarry in coarse ashy Conglomerate. 

Stoke Lane, Mendips. 1906. 

4926 (06, 169) S.E. of Moon’s Hill, Quarry in coarse ashy Conglomerate. 

Stoke Lane, Mendips. 1906. 

4926 (07, 62) Woodspring or Swallow Raised Beach. 1907. 

Cliff (Middle Hope). 

4927 (07, 64) Woodspring or Swallow Spheroidal Basalt resting on Tuff veined 

Cliff (Middle Hope). with Calcitc. 1907. 

4928 (07, 64*) Woodspring or Swallow Bedded T»ff on Amygdalohlal Bas Jt. 

Cliff (Middle Hope). 1907. 

4929 (07, 66) Woodspring or Swallow VesiculardapilK in.LimestonOj 1907. 

Cliff (Middle Hope). , . ' 
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Bogd. 

No. 


4930 

(07, 00) Woodspring or 

Swallow 


aiff (Middle Hope). 


4931 

(07, 07) Spring 

Cove, 

Weston- 


super-Maare. 



4932 

(07, 08) Spring 

Cove, 

Weston- 


super-Marc. 



4933 

(07, 70) Spring 

Cove, 

Weston- 


super-Marc. 



4934 

(07, 71) Spring 

Cove, 

AVeston- 

4935 

super-Slarc. 
(07, 74) Spring 

Cove, 

AVeston- 


super-Mare. 



4936 

(07, 75) Spring 

Cove, 

AVeaton- 

4937 

super-Mare. 
(07, 70) Spring 

Cove, 

AA'eston- 

4938 

su])cr-Mare. 
(07, 77) Spring 

Cove, 

AA'eston- 


super-Mare. 

4939 (OS, 10) Western end of !Mendip 

range, Uj)hill, Brean aiul Steep 
Holmes. 

4940 (08,11) Brean Down 

4941 (OS, 12) Western end of Mendij) 

range from Brean Borni, 

4942 (08, 13) Brean Down , . • 


Vesicular lajnlli in Liincston 1907. 

Basalt enclosing Limestone masses. 1907. 

Basalt and Limestone enclosed in Tulf. 
1907. 

Basalt enclosing Limestone masses. 1907. 

Calcareous hands between Basalt 
spheroids. 1907. 

Spheroids of Basalt in Tuff. 1907, 

»» ,, »f »i ,, 

f, M ,, ,» ,» 

Lava enclosing Limestone mass. 1907. 
1908. 

Southern (scarp) face. 1908. 

1908. 

Northern (dip slope) face. 1908. 


Staffordshire. — PhotofirapJied by A. H. Bassano, TIadenholme, 

Old Hill, Staffs. 1/2. 

4943 ( ) Barby’s Hill Quarry, Bowley Columnar Boleriie. 1909. 

Regis. 

4944 ( ) New Turner’s Hill Quarry, Weathered spheroidal Boleriie. 1909. 

Rowley Regis. 

Surrey. — Photogra'pJicd by J. II. Baldock, F.R.P.S., Overdale, 
si, Leonards Road, Croydon. 1/2. 

4945 (08, 307) Worms Heatli, nr. Upper i’unncl-shapcd mass on Chalk in Gravel. 

Warlingham. 1908. 

4946 (08, 308) AVorms Heath, nr. Upper Gravel pit. , 1908. 

AVarlingham. 

4947 (08, 309) Worms Iloath, nr. Upper „ „ 

AVarlingham. 

4948 (08, 310) Worms Heath, nr. Upper „ ,, 

W'arlingham. 

Photogra'phed by T. W. Reader, F.G.S., 17 Gloucester Road, Finsbury 

Park,N. 1/4. 

4949 ( ) Monkshatch, nr. Guildford . Chalk ; zones of M. cor-testudinaria, 

II. jdanua, and T, gracilia. 1909. 

4960 ( ) „ „ . Chalk; zones of M, cor-teatvdinaria, 

II. planus, and T. gracilis. 1909. 

Sussex. — Photographed by T. W. Reader, F.G.S,, 17 Gloucester Road, 
Finsbury Park, N. 1/4. 

4951 ( ) 

4952 ( ) 

4953 ( ) 

4954 ( ) 

4955 ( ) 

4956 ( ) 


Rottingdean Cliffs . 


Chalk ; zone of A. gnadratv^, 1909. 
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riiotogra'phed hy J. T. Eodda, Eastbourne, 1/2. 

Kc^d. 

No. 

4967 ( ) CuoJunrro Haven . . . I’armnoiiilra on heaeh. 1!)07> 

4968 ( ) „ ... Mass 1007. 

Yorkshire. — Photographed by Godfrey Binglky, Thorniehurst, 
Ileadingley, Leeds. 1/2. 


4959 (8332) Barton Quarry, nr. Ricli- 

moncl. 

4960 (8333) Barton Quarry, nr. Rich- 

mond. 

4961 (8334) Barton Quarry, nr. Rich- 

mond. 

4962 (8335) Barton Quarry, nr. Ricli- 

mond. 

4963 (8330) Barton Quarry, nr. Rich- 

mond. 

4964 (8337) Barton Quarry, nr. Rich- 

mond. 

4966 (8338) Barton Quarry, nr. Ricii- 
mond. 

4966 (8339) Barton Quarry, nr. Rich- 

mond. 

4967 (8340) Barton Quarry, nr. Rich- 

mond. 

4968 (8341) Barton Quarrj’, nr. Rich- 

mond. 

4969 (8342) Barton Quarry, nr. Rich- 

mond. 

4970 (8343) Barton Quarry, nr. Rich- 

mond. 

4971 (8344) Porcott Quarr\% nr. Rich- 

mond. 

4972 (8345) Forcctt Quarry, nr. Rich- 

mond. 

4973 (8340) Forcctt Quarry, nr. Rich- 

mond. 

4974 (7953) 'Hic Ncedh^’s Eye, Newton- 

dal(‘. nr. Pickering. 

4975 (7954) Near the NcNllc’s Eye, 

Nowtondalc, nr. Pickering, 

4976 (7957) Staindalo .... 

4977 (7958) The Bridcatoncs, nr. Pickcr- 

' ing. 

4978 (7959) The Bridcatoncs, nr. Pickor- 

iiig. 

4979 (7000) The Bridestoncs, nr. Picker- 

ing. 

4980 (7902) The Bridcatoncs, nr. Pickcr- 

ing. 

4981 (7570) Cliffs N. of Robin Hood’s 

l^ay. 

4982 (7573)' Cliffs N. of Robin Hood’s 

Bay. 

4983 (7570) Cliffs, Robin Hood’s Bay . 

4984 (7680) Peak 

4985 (7583) Blea Wyke .... 


Ch’inoidal Limestone (underset Lime- 
stone), yoredalc Series. 1908. 

Crinoidal Limestone (underset Lime- 
stone), Yoredalo Series. 1908. 

Boulder Clay r(*sting on underset Lime- 
stone. 1908. 

Boulder Clay resting on underset Lime- 
stone. 1908, 

Glaciated surface of untlcrsct Limestono 
and overl 3 'ing Boulder Claj’. 1908. 

Glaciated surkace of underset JJmestonc. 
1908. 

Underset Limestone (Yoredalc iSeries), 
1908. 

Boulder Clay. 1908. 

Boulder Clay filling joints in Chert}’ Lime- 
stone. 1908. 

Chert in iindiuset Limestone. 1908. 

Cherts and Crinoids in undcTsct Limc- 
sttme. 1908. 

Wedge- bcd< led Y'oredale Jjimestone. 1 008. 

Pre-glacial lloor of Yoredalc Jdmcstonc. 
1908. 

Qiiarry in ‘ Main Limestone ’ (Yoredalc 
iSeries). 1908. 

Drift-filled cavity in Limestone floor. 
1908. 

Kellaway Rock. 1907. 

Kellawaj’’ Rock escarpment. 1907. 

The ‘ Bridestoues ’ seen on tl.o left, 
1907. 

Weathered Calcareous Grit. 1907. 


»» »» ♦> 

Undercut Cdcarcous Grit. 1907. 

tf tf 

Lias. 1907. 


99 99 

Lower Lia.s. 1007. 

Dogger with bands of pebbles and shells 
weathered out. 1907. 

Impression of iron plato from wreck on 
boulder, caused by action of waves. 
1907. 
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Rcgd. 

No. 

4986 (7584) Blea Wyke .... Impression of iron plate from wreck Oil 

boulder, caused by action of waves. 
1907. 

4987 (7586) „ .... Boulders on shore, w’orn and dovetailed 

into one another by action of waves. 
1907. 

4988 (7587) .... Boulders on shore, worn and dovetailed 

into one another by action of waves. 
1907. 

4989 (7588) „ .... Nerinea Bed in Dogger. 1907. 

4990 (7591) Hawsker Bottom . . Current bedding in block of Dogger. 1907. 

4991 (7592) „ . . Upper Lias Breccia. 1907. 

4992 (7593) „ . . Current bedding in block of Dogger. 1907. 

4993 (7594) „ . . Block of Dogger with pebbles. 1907. 

4994 (7596) „ . . Upper Lias Breccia. 1907. 

4996 (7598) Near Castle Chamber, Spinatus zone. 1907. 

Hawsker Bottom. 

4996 (7599) Castle Chamber, Hawsker 


Bottom. 

4997 (7600) Cliffs, Hawsker Bottom . 

4998 (7602) „ „ „ '. 

4999 (7604) Hawsker Bottom 

5000 (7606) Robin Hood’s Bay 

6001 (7608) „ 

6002 (7610) Peak Alum Quarries . 

6003 (7613) „ „ . . 

6004 (7614) 

6006 (7618) ., ,. . . 

6006 (8372) Marske Quarry, nr. Salt> 

burn. 

6007 (8379) Marske Quarry, nr. Salt- 

burn. 

5008 (8380) Marske Quarry, nr. Salt- 

bum. 

5009 (8383) Shore under HuntclifI S. of 

Saltburn. 

5010 (8384) Shore under Huntcliff S. of 

Saltburn. 

6011 (838.5) Shore under Huntcliil S. of 

Saltburn. 

6012 (8380) Shore under lluntcliff S. of 

Saltburn. 

6013 (8388) Shore under Huntcliil S. of 

Saltburn. 

6014 (8390) Shore under Huntcliil S. of 

Saltburn. 

6016 (8391) Huntcliff and shore at low 
water. 

6016 (8393) (’liifs N. of Skinningrovc . 

6017 (8394) Cat Nab, Saltburn . . 

6018 (7426) Headingley, Leeds 

6019 (7427) 

6020 (7428) „ „ . . 

5021 (7430) „ „ . . 

6022 (7431) „ M . . 


Estuarine Beds, Dogger and Upper Lias. 
1907. 

£!stuariiie Beds, Dogger and Upper Lias. 

1907. 

Marine pot-hole. 1907. 

Block of Middle Lias full of Pcclen, &c. 

1907. 

Block of Middle Lias with Denialium 
giganteum. 1907. 

Dogger and Upper Lias. 1907. 

ti »> »f 

» »t f» 

f> *> 

Lower Estuarine Sandstones with Plant 
Beds. 1908. 

Blocks of Lower Estuarine Sandstone 
with fossil Plants. 1908. 

Blocks of Lower Estuarine Sandstone 
with fossil plants. 1908. 

‘ Mushroom rocks ’ — undercut Middle 
Lias blocks. 1908. 

‘ Mushroom rock * and x3ot-holc. 1908. 

‘ Mushroom rocks * — undercut Middle 
Lias blocks. 1908. 

* Mushroom rocks * — undercut Middle 
Lias blocks. 1908. 

Boulders of Middle Lias on Lower Lias 
floor. 1908. 

‘ Mushroom rocks * — undercut Middle 
Lias blocks. 1908. 

' Mushroom rocks ’ on Lower Lias Shales. 

1908. 

Middle Lias. 1908. 

Hill of Boulder Clay isolated by stream 
action. 1908. 

Cutting in Boulder Clay. 1907. 

»* »» ft 

Boulder Clay and Boulders. 1907. 
Cutting in Boulder Clay. 1907. 

Sections of Boulder Clay. 1907. 
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Rogd. 

No. 

5023 (8034) Hawkcsworth Quarry, Channel in Millstone Grit filled with Coal 
Horsforth, nr. Leeds. Measure Shales. 1908. 

502^ (8035) Hawkesworth Quarry, Hors- Coal Measure Shales on Millstone Grit, 
forth, nr. Leeds. 1908. 

6026 (8036) Hawkesworth Quarry, Hors- Sandstone band near base of Coal 
forth, nr. Leeds. Measures. 1908. 

6026 (8038) Hawkesworth Quarry, Hors- Sloping surface of Millstone Grit. 1908. 

forth, nr. Leeds. 

6027 (8039) Hawkesworth Quarry, Hors- Coal Measure Shales with thin Coal seam. 

forth, nr. Leeds. . 1908. 

Photographed ly Professor S. H. Eeynolds, M.A.y F,G,S,, 

The University^ Bristol. 1/4. 

6028 (06, 171) By the Nidd below Unconformity, Magnesian Limestone on 

Knaresborough. Millstone Grit. . 1906. 

6020 (06, 176) Knaresborough . . The Dropping Well. 1906. 

6030 (06, 177) „ . . retrification in progress at the Dropping 

Well. 1906. 

WALES. 

Carnarvon. — Photographed by Professor S. H. Heynolds, M.A., F.G.S., 
The University, Bristol. 1/4. 

6031 (06, 88) Cam Boduan, nr. Nevin. Formed by an ‘Andesitic intrusion.* 

1906. 

6032 (06, 92) Careg-y-defaid, Pwllheli. Weathered surface of nodular Rhyolite. 

1906. 

6033 (06, 93) „ . Weathered surface of nodular Rhyolite. 

1906. 

6034 (06, 94) „ „ . Weathered surface of nodular Rhyolite. 

1906. 

6036 (06, 95) „ „ . Weathered surface of nodular Rhyolite. 

1906. 

6036 (06, 96) „ „ . Weathered surface of nodular Rhyolite. 

1906. 

6037 (06, 97) „ „ . Weathered surface of nodular Rhyolite. 

1906. 

6038 (06, 98) Pen-y-chain, Pwllheli . Weathered surface of banded Rh3’olite. 

1906. 

5039 (06, 99) „ „ . Weathered surface of nodular Rhvolite. 

1906. 

Denbigh. — Photographed by Godfrey Bingley, Thorniehurst, 
Headingley, Leeds. 1/2 and 1/4. 

6040 (8066) Cae Deiews, Llansaintffraid, Intrusive columnar Fclsite. 1908. 

Glyn Ceiriog. 

6041 (8067) Llansaintffraid, Glyn Ceiriog. Quarry in Rh^^olite. 1908. 

6042 (8069) Castle Mill Quarry, Glyn Carboniferous Limestone. 1908. 

Ceiriog. 

6043 (8072) Eglwyseg Rocks, Llan- Carboniferous Limestone escarpmon‘. 

gollen. 1908. 

6044 (8074) Trevor Quarry, Eglwyseg, Carboniferous Limestone. 1908. 

Llangollen. 

6046 (8076) Trevor Quarry, Eglwyseg, Lode in Carboniferous Limestone. 1908* 
Llangollen. 

6046 (8094) Cader Berwjm from above 
Pistyll Rhaiadr. 

5047 (8097) Llyn Llyne Caw below 
Moel Lych. 
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Merioneth. — PJiologra'phed by Professor S. H. Reynolds, M,A,y F.G.S,, 
The University^ Bristol, 1/4. 

Rcgd. 

No. 

5048 (06, 90) Cwm Bychan, nr. 1 f arlcch Harlech CJrils. 1906. 

MontgOxMEry. — Photographed by Godfrey IHngley, Tlmmclnirst, 
Ileadinglcy, Ijceds, 1/4. 

5049 (8106) Llangynoo; .... Upper portion of volcanic neck. 1908. 

5050 (8109) Pennant A'allcy, Llangynog 1908. 

5051 (8110) Llang^’nog .... Lower i^orl ion of voic.anic nock. 1908. 

5052 (8117) „ .... Volcanic neck. 1908. 

Pembroke. — Photographed by Professor S. II. Reynolds, M , A,y F.G,S,, 
' The University, Bristol. 1/4. 

5053 (06, 71) Coast S.E. of Nun’s Cambrian Sauilstono and Basal Con- 

Chapel, St. Davids. glomerate*, also Pobidian. 1905. 

5054 (05, 73) Nun’s Chapel, St. Davids Weathered surface of Basal Conglomerate 

of Cambrian. 1905. 

5055 (09, 1) Old Castle Head, Tenby . Gullies eroded along Shale bands in ver- 

tical O.R.S. 1909. 

5056 (09, 2) „ „ . Gullies eroded along Shale bands in ver- 

tical O.RS. 1909. 

5057 (09, 3) Skrinklo Haven, Tenby . Top of O.R.S. (left) and base of Car- 

boniferous (right). 1909. 

5058 (09, 4) „ „ . Arch eroded along bedding planes of 

vertical Carboniferous Limestone. 1909. 

5059 (09, 5) Old C^astJo Head, J’enby . ('racks in * race ’ beds. 1909. 

5060 (09, (i) VV. of Jjj'dstcp, Tenby , Gash-Breccia and sea cave. 1909. 

606i (09, 7) Slackpole Quay, Tenby . Anticline in Carboniferous Limestone 

(hor. C.). 1909. 

5062 (09, 8) Wrcckficld Quarry, Tenby Limestone full of Prodvetus gigantcus, 

1909. 

(Wl, lb") 'BuBsVaugbtcr Bay, Stack Gash-Breccia. 1909. 

6064 (09, 11} Near Bullslaughier Bay, Chvrt in Carboniferous Limestone. 1909. 
Stack Rocks. 

5065 (09, 12) Near BulLslaughtcr Bay, „ „ „ „ 

.Stack Rocks. ^ 

5066 (09, 1 1) Stack Rocks, W. of Tenby l^Iarine erosion of Carboniferous Lime- 

stone. 1909. 

5067 (09, 18) „ „ Marino erosion of Carboniferous Lime- 

stone. 1909. 

5068 (09, 19) Skrinklo Haven, Tenby . Se caves. 1909. 

5069 (09, 20) Near Skrinklo Haven, Erosion along bedding planes of vertical 

Tenby. Carboniferous Limestone. 1909. 

5010 (09, 21) Cliffs, N. side of Skrinklo Vertical Carboniferous Limestone. 1909. 
Haven, Tenby. 

Radnor. — Photographed by Professor S. H. Reynolds, M.A., F.G.8., 

The University, Bristol. 1/4. 

5071 (05, 65) Caban Coch, Rhyader . Llandovery Conglomerate. 1905. 

5072 (05, 66) „ „ . Cleaved Slate biEind in Llandovery Con- 

glomerate. 1905. 

5073 (05, 07) „ „ Section of Llandovery. 1905. 

5074 (05, 69) Pont Ilyllfan, Elan Valley, Pot-holes. 1905. 

Rhyader. 

5075 (05, 70) Pont Hyllfan, Elan Valley, „ „ 

Rhyader. 
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ISLE OF MAN. 

Phologra'ph'd hy Godfrey Bindley, Thornkhurst, Headinyivy, 

Leeds, ll2andili. 

Regdf 

No. 

5076 (7716) The Wliing, Tort Sodcrick Folds in Lonaii Flags. 1907. 

5077 (7718) 

5078 (7628) Ronaldsway, Derby Haven 1907. 

5079 (7629) 


5080 (7630) 

5081 (7631) St. Michael’s Island, Lang- 

IICSS. 

5082 (7635) The Arches, Languesa • 


(7636) „ 

(7637) „ 

(7638) Shore 
Quarry. 


opposite 



Basement Conglomerate of Carboniferous 
faulted against Carboniferous Lime- 
stone. 1907. 

‘ Knobby ’ surface of Lower Carboniferous 
Limestone. 1907. 

Stratification crossed by cleavage in 
Manx Slates. 1907. 

Carboniferous Basement Conglomerate 
resting unconformably on Manx Slates. 
1907. 

• Joint plane cutting pebbles of Carboni- 
ferous Basement Conglomerate. 1907. 

• Fault in Carboniferous Basement Con- 
glomerate. 1907. 

Scarlet Lower Carboniferous Limestone contain- 
ing Campophyllum. 1907. 

(7639) Shore near Scarlet Quarry Lithostrotion mass in Carboniferous 

Limestone. 1907. 

Undulations in Carboniferous Limestone, 
the Stack of Scarlet in the distance 
1907. 

Carboniferous volcanic rocks. 1907. 
Stack of Scarlet with Agglomerate in the 
foreground. 1907. 

Ropy Lava. 1907. 

Undulations in Carboniferous Limestone. 
1907. 

Undulations in Carboniferous Limestone. 
1907. 

Disturbed Carboniferous Limestone con- 
taining quartz pebbles, 1907. 

Junction of Flaggy Carboniferous Lime- 
stone with Volcanic Series: 1907. 
Jointing and flow structure in Carboni- 
ferous Lava. 1907. 


5083 
5089 

5085 

5086 

5087 (7641) Scarlet 


5088 (7643) Scarlet Point 

5089 (7644) „ 

5090 (7645) 

" (7646) Near Scarlet Point 

(7647) „ 

(7650) Scarlet Point 

6093 (7C51) 

5094 


(7652) Cromwcirs Walk, Scarlet 
Point. 


5095 (7653) Cromwell’s Walk, Scarlet Jagged edge to jointed Carboniferous 


Point. 

5096 (7654) Near Scarlet Point 

5097 

Chollagh'Point. 

5098 (7656) 250 yards S. of Close ny 

Chollagh Point. 

5099 (7657) Close ny Chollagh Point . 


5100 

5101 

5102 
6103 
5104 


Lava. 1907. 

Sea- worn gullies along joint.] in Carboni- 
ferous ash. 1907. 

(7655) 250 yards S. of Close ny Overthrust in bedded volcanic ash. 

1907. 

Overthrust in bedded volcanic ash. 
1907. 

Crumpling of band of Carboniferous 
Limestone. 1907. 

Dome of Carboniferous Limestone. 1907. 

‘ Reef knolls * surrounded by Flaggy 
Limestone. 1907. 

(7662) „ • • • • * Beef knolls ’ surrounded by Flaggy 

Limestone. 1907. 

(7663) „ 9 • • • Dome of Flaggy and underlying * Reef 

knoll ’ Limestone. 1907. 

(7664) II • 9 • ' • * Beef knoll ’ Limestone. 1907i 


(7660) Poyll Vaaish 
(7661) 



156 


&EF0BT8 ON STATE 09 SOIENOE< 


Begd> 

No. 

6105 (7686) Gob-y-Strona, Matighold CSontorted Manx Slates. ^1007. 

Head* 

6106 (7690) Gob-y-Deigan . . . (Save in Crush Conglomerate in Jfanx 

Slates. 1907. 

5107 (7692) Between Gob-y*l)eigan and Manx Slates reduced to Crush Con« 

Gob-y-Skeddan. glomerate. 1907. 

6108 (7693) Between Gob-y>Deigan and Mai^ Slates reduced to Crush Con- 

Gob-y-Skeddan. glomerate. 1907. 

6100 (7^»94) Between Gob-y-Deigan and Manx Slates reduced to Crush Con- 

'lob-y-Skeddan. glomerate. 1907. 

6110 (769.>) Between Gob-y-Deigan and Sea cave in Crush Conglomerate. 1907. 

Gob-y-Skeddan. 

6111 (7697) Between Gob-y-Bcigan and Sea caves in Crush Conglomerate. 1907. 

Gob-y-Skeddan. 

6112 (7707) Baroo Ned, Spanish Quartz veining in Manx Slates. 1907. 

5113 (7708) JBaroo Ned, Spaniab Cliff section of disturbed Manx Slates. 

Head. 

5114 (7711) Bay Stacka and Sugarloaf Flaggy Grits in Manx Slates, probably 

seen from Spanish Hoad. overfolded. 1907. 

6115 (7713) Bay Stacka and Sugarloaf Flaggy Grits in Manx Slates. 1907. 
from Spanish Head. 

5116 (7719) The Whing, Port Sodcrick Fold in Lonan Flags. 1907. 


SCOTLAND. 

AmYttSBtRK— Photographed hy Eussell F. Gwinnell, B.8c^ F.0.8.y 
33 Si. Peter* s 8quarey W. 1/4. 

5117 (74) Eilean nan Gamha, Lismore Glaciated rock surface. 1907. 

6118 (75) Near Balnagawan Mill, Raised beach and inclined sill of Basalt. 

Lismore. 1907. 

5119 (78) Near Balnagawan Mill, Terraco of 7 ravertino. 1907. 

Lismore. 

Phoiogra'phed hy A. E. V. Zealley, JJ./Sc., A.R.C.8., Rhodesia Museum, 

Bulawayo. 1/4. 

5120 (113) Glen Croe, Loch Long. • Delta. 1907. 


i Ayr. — Photographed by Professor S. H. Reynolds, M.A., F.G.8., 

The VrhiversUy, Bristol. 1/4. 

6121 (08, 18) Ardmillan Shore S. of Marino erosion of Whitehouse Beds. 

Girvan. 1908. 

6122 (08, 10) Ardmillan Shore S. of Marine erosion of Whitehouse Beds. 

Girvan. 1908. 

6123 (08, 21) N. of Kennedy’s Pass, Contorted Ardwell Beds. 1908. 

S. of Girvan. 

6124 (08» 22) N. of Kennedy’s Pass, „ „ * ,, 

S. of Girvan. 

6126 (08, 24) Stockinray Shore, S. of Arcnig Agglomerate. 1908. 

Girvan. 

6126 (08, 26) Stockihray Shore, S. of „ „ „ 

Girvan. 

6127 (08, 28) Near Bennane Cave, S. of „ „ „ 

Girvan. * 
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Regd* 

No. 


61flA (08» fiOy Bdimaiie Head^ S. of 
Qkran. 

6120 (08> 31) 8. of Bownan Point, 
Ballantrae. 

6130 (08, 32) Near Bennane Cave, S. of 

Oirvan. 

6131 (08, 35) Downan Point, Ballantrae 

6132 (08, 37) Balorouchan Port, 8. of 

Girvan. 

6133 (08, 38) 8. of Downan Point, 

Ballantrae. 

6134 (08, 42) Bumfoot, Shore S. of 

Girvan. 

6136 (08, 44) Bennane Head, S. of 
Girvan. 

6136 (08, 48) Kennedy’s Pass, S. of 
Girvan. 


Bed Chert bands interbedded in Atenls 
Lava, 1908. 

Bed Chert bands interbedded in Aiehig 
Lava. 1008. 

Contorted Arcnig Badiolarian Cherts. 
1908. 

Pillow Lava. 1008. 

9P 99 


99 99 

Baised shore platform. 1908. 
Baised sea cave. 1908. 

Benan Conglomerate. 1908. 


Dumbartonshire. — Photographed hy A. E. V. Zealley, B.Sc,, A.R.C.8., 
Rhodesia Museum, Bulawayo, 1/4. 

613*7 (109) Loch Lomond . . . From shore above Ardlui. 1007. 

6138 (110) „ ... Glaciated islands. 1907. 

6139 (111) N.E. of Loch Garabal, near Glaciated surface and erratics. 1907. 

Ardlui. 

6140 (125) Dumbarton Castle Bock . Jointing. 1007. 

Edinburgh.— hy Professor S. H. Eeynolds, M.A,, F.G.S,, 
V The University, Bristol. 1/4, 

6141 (00, 17) Salisbury Crags, from the Shows the underlying Old Bed Sand^ 

S. stone. 1900. 

6142 (00, 18) Salisbuiy Crags . . Shows the Old Red Sandstone below 

the Doleritc. 1906. 

6143 (00, 21) „ « • Junction of intrusive Doleritc and Old 

Red Sandstone. 1906. 

6144 (06, 22) The Dasscs, Arthur’s Scat 1900. 

6146 (06, 25) Queen’s Drive, Arthur’s Agglomerate of vent. 1900. 

Seat. 

6146 (00, 26) Arthur’s Seat . . . Agglomerate of * Gutted Haddie.’ 1905. 

6147 (06, 28) Salisbuiy Crags, Arthur’s Spheroidal weathering of Doleritc. 1900. 

Seat. 

Inverness — Skye. — Photographed hy Professor S. H. Reynolds, M,A,, 
F.G.8., The University, Bristol, 1/4. 

6148 (07, 3) Glamaig and Beinn Dearg, Two of the Bed Hills. 1907. 

Skye. 

6149 (07, 6) Beinn na Caillich, Skye . One of the Red Hills, Agglomerate of the 

Kilchrist neok in the foreground. 1907. 

6160 (07, 10) Slopes of Cuillins, N. of Gabbro veins in Peridotite. 1907. • 

Ufhart Point, Skye. 

6161 (07, 11) An Sgumani S.E. of Glen Jointing in Peridotite. 1907.' 

Brittle, Skye. 

6162 (07, 12) An Sguman, S.E. of Glen Pitted weathering of Peridotite. 1007. 

Brittle, Skye. 

6163 (07, 17) Slopes of Cuillins, SJ!. of Glaciation. 1907. . \ • 

Glen Brittle, Skye. 

6164 (07, 19) Slopes of Cuilbus, S.E. of 
Glen Brittlei Skye« 


99 - 
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Begd. 

No. 

6165 (07, 21) N.E. shore of Loeh BritUe, Basalt dyke in bedded Basalts. 1907, 
Skye. 

5166 (07, 22) Sgurr Brittle, Skye • • Cascade over bedded Basalts and intru^ 

sive sheets of Dolerite. 1007. 

5157 (07, 24) N.E. shore of Loch Brittle, Agglomerate (?) of a small vent. 1907. 

Skye, 

5158 (07, 26) Head of Loch Brittle, Small Basalt dyke in bedded Basalts. 

Skye. 1007. 

5159 (07, 20) Near head of Loch Vesicular Basalt. 1007. 

Brittle. 

5160 (07, 27) S. end of Beinn Suardal, Dyke in Cambrian limestone. 1007. 

nr. Broadford, Skye. 

5161 (07, 20) Torran, S.W. of Broad- Juxtaposed dykes, 1007. 

ford, Skye. 

5162 (07, 30) Torran, S.W. of Broad- „ „ 

ford, Skye. 

5163 (07, 32) Near S. end of Beinn * Grikes ’ in Cambrian Limestone. 1007. 

Suardal, nr. Broadford, Skye. 

5164 (07, 34) Shore W. of Broadford, Sill in Lias. 1007. 

Skye. 

5165 (07, 35) Shore W. of Broadford, Gully formed by weathering of dyke in 

Skye. Lias. 1007. 

5166 (07, 36) Shore W. of Broadford, Basalt sheet resting on Felsite. 1007. 

Skye. 

5167 (07, 37) Shore W. of Broadford, Gully formed by weathering of dyke in 

Skye. Idas. 1907. 

6166 (07, 38) Shore W. of Broadford, Intersecting dykes in Lias, 1907. 

Skye. 

5169 (07, 39) Shore W. of Broadford, Small dyke in Lias. 1007. 

Skye. 

5170 (07, 43) Glenbrittle House, Skye • Fluviatilo Conglomerate. 1007. 

5171 (07,44) 

6172 (07,46) 

5173 (07,46) 

5174 (07, 47) N. of Boreraig, Skye Triassio Breccia. 1007. 

5176 (07,48) „ 

5176 (07, 49) S. of Beinn Suardal, nr. Sink holes in (Umbrian Limestone. 1907. 
Broadford, Skye. 

6177 (07, 50) S. of Beinn Suardal, nr. ,1 „ „ „ 

Broadford, Skye. 

5178 (07, 52) Shore at Boreraig, S. of Lower Lias Shales. 1007. 

Broadford, Skye. 

5179 (07, 53) Budh*an Eireannaich, Composite sill. 1007. 

N.W. of Broadford, Skye. 

5180 (07, 54) S.E. of Loch Kilchrist, Large multiple dyke. 1907. 

S.W. of Broadford, Skye. 

5181 (07, 66) S.W. of Loch Kilchrist, „ „ „ 

S.W. of Broadford, Skye. 


Dublin,— Photographed by Professor S. H. Reynolds, M.A,, F.0,8., 
The University, Bristol, 1/4. 

5182 (06, 107) Killincy Shore ,« • Granite dykes in Mkra Schist. 1906 

5183 (06, 108) „ . . Granite dyke in Mica Schist. 1006. 

5184 (06, 200) „ • • Intrusive junction, Granite and Mica 

Schist. 1006. 

5185 (06| 202) „ • • Intrusive Junctioni Granite and Mica 

Schist. 1006, 
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6186 (06, 203) Killincy Shore • • Weathered surface of Andalusitc Schist. 

1000. 

5187 (06, 100) S. of Glensaul • • Limestone Breccia. 1006. 

6188 (06, 103) Glensaul (N. of the Coarse Arenig Tuff. 1006. 

School). 

6180 (06, 104) Glensaul (N. of the „ „ „ 

School). 


Galway. — Photograflied by Professor S. H. Beynolds, M.A.y f 
The University i Bristol. 1/4. 

Rogd. 

No. 

5190 (06, 105) Glensaul (N. of the Coarse Aroni ' Tuff. 1006. « 

School). 

6191 (06, 106) Glensaul (N. of the 

School). 

5192 (09, 23) E. of top of Lettereenoen Ice- worn mass of coarse Arenig Breccia. 

Hill. 1009. 

5193 (09, 26) N. of Letterceneen Vil- Coarse Arenig Conglomerate. 1000. 

lage, Glensaul. 

5194 (09, 28) Glensaul .... Highly disturbed Tuffs and Radiolarian 

Cherts. 1909. 


5195 (09,29) „ . . . . 

5196 109, 30) 

5197 (00,32) „ . . . . 

5198 (00, 34) The Partry Mountains 

from Lettereenecn. 

5199 (09, 35) The Partry Mountains, 

from Letterceneen. 


Highly disturbed Tuffs and Radiolarian 
Cherts. 1009. 

Highly disturbed Tuffs and Radiolarian 
Cherts. 1009. 

Thick mass of Arenig Chert. 1909. 

A dissected plateau, sending spurs north- 
wards. 1909. 

A dissected plateau, sending spurs north- 
wards. 1909. 


}IL\yo.— P hotographed by Professor S. H. Reynolds, M.A., F.G.S., 
The University i Bristol. 1/4. 


5200 (07, 78) Near Shangort, Tourma- 

keady. 

5201 (07, 79) Near Gortbunacullin, 

Tourmakeady. 

6202 (07, 82) W. of Gortbunacullin 
Farm Bridge, Tourmakeady. 

5203 (07, 83) S.W. of Gortbunacullin, 

Tourmakeady. 

5204 (07, 84) S. of Gortbunacullin, 

Tourmakeady. 

5205 (07, 80) Near Ballinrebe • 

5206 (07,90) „ . . 

5207 (07,91) „ . . 

5208 (07,92) „ . . 

6209 (07.03) „ . . 

5210 (0.7, 00) W. of Ballinrobo . . 


Massive Limestone of Arenig age. 1007. 
Limestone Breccia, 1007. 

n If 


II II 

Banded Felsitc. 1907. 

Chert masses in Carboniferous Limestone. 
1007. 

* Grikes * in Carboniferous Limestone. 
1007. 

Cavities of solution in Carboniferous 
Limestone. 1007. 

Cavities of solution in Carboniferous 
Limestone. 1907. 

Carboniferous Limestone country. 1907. 
Syringopora Limestone. 1907. 
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Topographical and Geological Terms used locally in South Africa , — 
Import of the Committee^ consisting of Mr. 6. W. Lampluoh 
{Chairman)^ Dr. F. H. Hatch (Secretary)^ Dr. G. Corstorphine, 
and Messrs. A. du Toit, A. P. Hall, G. Kynaston, F. P. Men- 
NELL, and A. B. Eogers, appointed to determine the precise 
Significance of Topographical and Geological Terms used locally in 
South Africa, (Drawn up by the Secretary,) 

During the year Messrs. Eogers and du Toit have sent in sonic correc- 
tions, and Mr. du Toit has contributed a few fresh words. Those have 
been embodied in the present Eeport. 

Two classes of words arc at present being catalogued : — 

I. Topographical lermi^. 

IL Names of rocks and minerals. 

Most of the words hitherto catalogued are of Dutch origin, but some 
Kaffir and Bushman words have also been included. 

Cl.\ss I. — Topographical Terms. 

Aar — 

Is the name given to any feature on the surface which is very long compared 
with its breadth. Applied to the outcrop of a dyke, to a low ridge of 
tufa, to a slight depression, or most frequently to a line of country 
characterised by a particular kind of bush. 

Baai — 

A bay on the coast, e.g.t Saldanha Baai. 

Bah — 

A basin or basin-shaped hollow. 

Bank — 

A low ridge rising suddenly, e.g., Vaalbank. 

Banken, plural of Bank — 

A term used to denote a step-like feature, hence banken type of scenery, 
e.g., in the high veld portion of the Lydenburg district of the Trans\ail, 
due to alternations of harder and softer beds with a low dip. 

Berg, plural Bergen — 

Mountain : the term * de Berg ’ is especially applied to t jie great eastern 
escarpment of the Transvaal plateau. 

Bosch — 

Bush or wood, e.g., Blaauwbosch. 



TOPOGRAPHICAL AND GEOLOGICAL TERMS IN SOUTH AFRICA. 


161 


Bull— 

A low ridge with gentle and gradual rise and even outline. 

Dam — 

Reservoir or pond. 

Dans — 

A broad shallow valley, e.y., Leeuwen Dans. 

Donga — 

A small ravine or wash-out caused by floods in soft ground. 

A gully or dry watercourse with steep sides, synonymous with the da.‘tern 
terms waddy and mdlah. 

Draai — 

A bend or turn (of a river or range). 

Drijl— 

A ford or crossing of a river. 

Dw/n, plural Duinen — 

A sand dune. 

Dwala — 

A native term used in Rhodesia for a bare rounded knoll or ridge of reck. 
Eiland — 

Island, e.g., Paarden Eiland. 

Fontein — 

A spring. Much used in plfice-names, e.g., Bloemfontein, Wonderfontein, &c. 
Cat— 

A hole, e.g., Wonder-gat, a term applied to a sink-hole in limestone formation. 
Cyfergat, a spot from which water trickles ; a * soak.' 

Gouph (pronounced ‘ Cope ’) — 

A Bushman word, meaning *as dry as can be,' applied to a portion of the 
Western Karroo. 

Ileuvel — 

A height or elevation, generally of small magnitude, e.g., Klipheuvel. 

Hoek — 

(i) The area enclosed by a bend in a river. 

(ii) The upper end of a valley shut in by mountains. 

Holte— 

A hollow or depression. 
lloogle — 

A height or elevation, generally of greater magnitude than a ‘heuvel.' 

Karroo — 

A fituhman word Kdru, or Gdrti, meaning * dry as a bone,* applied to country 
like the central portion of Cape Colony (geologically or botanically). 
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Kasieel (literally Castle) — 

A high peak or ridge, e.g., Riebeck’s Kasieel. 

Kloof— 

The head of a valley with steep sides. 

Knoppi '*. — 

A little hill or knob. 

KoUc— 

A^ depression in a hagie or river course. 

Kom — 

A basin-shaped hollow. 

Kop, cUmimitive Kopje — 

A peak or little lull (literally head), Zwartkopje, Witkojije ; hent« 

Tafelkopje^ a flat-topped or table-iiiountain type of hill; Sjutzkop, a 
sharply pointed type of hill. 

Kopjes Veld — 

A track of country characterised by numerous little hills. 

Kraal — 

An enclosure for cattle or goats, ako a native home or village ; e.f/.jAIakapanc's 
kraal. 

Krans or Kranz (often incorrectly written Kranlz ) — 

The feature made by a hard rock in a precipice. 

The priH-ipitous face of an escarpment, e.g.y Kranskop, Kransberg. 

K^iil — • 

A shallow valley or depression. 

Laagte — 

A very shallow valley in which the course of the drainage is ill-defined. 

t 

Mond — 

Mouth (of a river). 

Muur— 

A wall or barrier. 

Naauvde — 

A narrow portion of a valley or constriction along a gorge. 

Neh— 

A high-level gap or pass in a range of hills, c.#/.. Commando Nek, in the 
Magaliesberg. 

Oog— . 

The *eye* of a river, usually applied to the spring feeding a river, p.g.y in 
limestone areas. 

Pan — 

A depression below the general level of the country, and into which the 
drainage is direcTed. 
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Panneveld — 

Country characterised by numerous pans. 

Plaat — 

A wide surface of bare rock, e.g,, of granite, e.y., Klipplaat. 

Plat Kop — 

A Sat-topped hill or mountain. 

Pont — 

A ferry, e.</., Lindequc’s Pont, on the Vaal River. 

Poort — 

A low gap or short narrow gorge intersecting a range of hills = ‘ water-gap ’ of 
American geologists (lit. gate), e.g., Krokodilpoort, Komati Poort, &c. 

Poortjc — 

A little poort. 

Piinl — 

(i) A point on the coast, or (ii) a spur of a mountain. 

Puls — 

A pit or well. 

Rand — 

A ridge or steep escarpment, generally of no great elevation, r.j/., Rooirand 
(red ridge), Boschrand, Gatsrand, Witwatersrand (hence ‘The Rand’), 
&c. 

RanJje — 

The diminutive of Pand, 

Rug, plural Ruggen — 

A ridge or series of ridges. The ‘Ruggens’ in Cape Colony is a plain much 
entrenched by rivers — a dissected peneplain. 

Shnl — 

A ditch or water- furrow. 

Spilz Kop — 

A pointed or conical hill. 

Spruit — 

A small river or rivulet. 

Strand — 

A beach or strand. 

Tafelberg or Tafelkop — 

A table-topped mountain. 

Toren — 

A tower (applied to a pointed hill), Babylon's Toren. 

A valley, often pronounced like, But distinct in meaning from, rfci. 
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Veld (incorrectly Veldl ) — 

Open uncultivated country — 

Bush veld (L)., Boschveld), bush country. Sometimes called Low veld. 
High veld (D., Hoogeveld), high plateaux, about 5,000 to 6,000 feet ab )■. c; 
sea-levob 

Middle veld (D. Middclveld). The intermediate mixed country, between 
High and Low veld. 

‘ Vlalde — 

' Flats,* a wide tract of flat country or plain. 

Vlei or Vley — 

A flat tract of country or area of gentle slope which is periodically subjected 
to flooding ; a wide pan of inconsiderable depth. 

Vloer — 

A 'floor.* This term has much the same meaning as Vlei, 

Waterval — 

Waterfall. 


Class II. — Nafues o} Eochs and Minerals, 

Amayide Klip (Almond-rock}^ 

Amygdaloidal lava. 

Bacon-rocJc — 

A term used by BarbeAon miners to denote the reddish cherty or jaspery 
variety of the banded ferruginous quartzite. (See Calico-rock ) 

JdanJccl — 

A term Applied to the Witwatersrand conglomerates on account of a supposed 
resemblance to an almond 'cake * made by the Boers. 

Bantom — 

A term used by alluvial diamond diggers to designate striped or banded 
pebbles (magnetite-quartzite or slate, or magnetite- jasper rocks). 

Bar — 

A term used by miners to denote a conspicuous' band or seam of rock, dis- 
tinguished by some character such as hardness or colour, e.g,, Red Bar. 

Blaauw-ground (Blue ground). Kimberlite — 

The unoxidised portion of the filling of the diamond pipes. 

Blue Ground. See BlaauW’Cjrond. 

Bosjesrnans Klip (Busliman’s rock) — 

A term applied I'o the Dwyka of iSouthern Cape Colony, owing to the jagged 
character of ite weathered surface. 

Calico-rock-*- 

A term formerly used by the Marabastad iiiincrs for a banded magnetite 
quartzite, usually in alternating black and vrhite bands. 

Drip Kalk (Drip-limestone) — 

Stalactitic material. 

Float — 

A term used by miners for surface fragments— drift, rock not in situ. 
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Floating Beef— 

A term used by diamond miners for the masses of the ‘country,* or foreign 
rock occurring in a diamond pipe. 

Cruis — 

Shale, mudstone, or soft variety of Dwyka. 

Haar Klip (Tliread-rock) — 

* CrocidoUte * or asbestos. 

Hardibanlc — 

A tterm used by diamond miners for a hard compact variety of ‘ blue-ground * 
very resistant to weathering. 

Ijzer Klip (Ironstone) — 

Applied most commonly to igneous rocks such as dolerite and diabase. 

Kalksteeyi — 

Limestone. 

Klip— 

A stono, or rock. 

Olijo.nVs Klip (Elephant’s hide rock)— ^ 

Name given to the Dolomite formation owing to its mode of woatbering. 

Ou-Klip or Oude-Klip (Old rock) — 

A secondary limonitic surface-deposit, a kind of laterite. 

Turf — 

A heavy black clayey soil or loam, very common in low-lying arcas^ overlying 
basic igneous rocks. 

Vuurstcen Klip (Firestoiio rock) — 

Quartz, chert, flint, or very flne-grained quartzite. 

Wcer Klip — 

Lit. weather-stone = meteorite. 

Yellow Ground — 

A term used by diamond miners for weathered, decomposed, or oxidised 
* blue ground * in the diamond pipes. 


Occupation of a Table at the Zoological Station at Naples. — Report of the 
Committee, consisting of Professor S. J. Hickson (Chairman), Rev. 
T. R. R. Stebbing (Secretary), Sir E. Ray Lankester, Professor 
A. Sedgwick, Professor W. C. McIntosh, Dr. S. F. Harmer, Mr. 
G. P. Bidder, and Dr. W. B. Hardy. 

The Committee report that the Association’s table at the Zoological 
Station at Naples has been occupied by the following investigators 
during the past session: Mr. E. S. Goodrich, F.R.S., Mr. Geoffrey W. 
Smith, Mr. P. A, Methuen, and the Hon. Mary Palk. . 
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The lion. Mary Palk reports: — 

1 occupied Uio Naples table of the British Association for six nunitlis, 
from November 1909 until the end of April 1910. During that time 
1 was working on tlie Polyzoa of the Bay of Naples, especially on a 
variety of Flnslra papyrca (Pallas) with well-developed ovicells. I 
studied the structure of the a^sophageal cells, which show transverse 
si nations in the protoplasmic walls as mentioned by llenneguy, and 
the finer histology of the polypidcs, also certain bodies lying in the 
opercular tissue which seem to correspond with the glands described 
by ^Yaters in calcareous polyzoa. I was not successful in 1 racing 
oogenesis, which must take place at a time of year when I was nob 
there, as I could only find fully formed eggs and embryos and no ovary 
or young ova. I hope to continue these researclies so as to establish 
the reproduction of the genus. I also made a fairly representative col- 
lection of the Polyzoa of the Bay of Naples, adding several Oycloslomata 
t(^ I he lists already published by Mr. A. W. Watei’s. T beg to ofl’cr my 
best thanks lo the British Association for the use of tlie table, and to 
the staff at Naples for the kind help afforded to me. 

Mr. Geoffrey W. Smith reports: — 

I occupied the table from December 15, 1909, to Jamiaiy 1, l!)l(). 
During lliat time I was working on the effects of Sacculina on its Iiost 
Inachus, especially with the object of obtaining the stages wliich show 
exactly how the gonad is absorbed as the result of the presence of the 
parasite. Owing to the very large amount of material su])plicd to me 1 
have been successful in doing this, and also in definitely settling another 
jioint of some importance, namely, that the effect of the parasite is really 
the same on female as on male hosts, making tlie young female pre- 
maturely assume adult female characters. Tlie results will be published 
in the ‘ Quarterly Journal of Microscopical Science.' 

IMr. Methuen reports that during his stay at Naples he was working 
at the internal anatomy of Decapod Crustacea. He made a number of 
dissections of the alimentary canal of various types and pieserved tliein 
for the purpose of working out the histology of the digestive glands. 

Mr. E. S. Goodrich, P.R.S., reports: — 

While occupying the British Association table at Naples from 
March 23 to April 11, 1910, I spent a considerable time carrying out 
feeding experiments with different colouring substances on young 
Amphioxus and studying the development of their nephridia in the 
hinder region of the pharynx. I also worked at the development of 
Aricia fostida and preserved material for the embryology of this and 
other Polychaeta. The results of the researches have not vet been 
published, being still incomplete. ^ 

The Committee, in concluding their report for 1909-10, wish to 
record their sense of the great loss to biological science caused by the 
death in September last of Dr. Anton Dolirn, the founder and director 
of the Zoological Station at Naples. Without referring to the high 
value of his personal researches in zoological science, the Committee 
may express their profound appreciation of the kindly assistance and 
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cordial welcome ihut lie invariably gave to the occupants of the British 
A-Ssociation table at tlie Station. Dr. Reinhardt JJohrn succeeds his 
distinguished father as Director of the Station, and to him the Com- 
jiiittee are already indebted for many acts of genial consideration and 
hospitality. 

The Committee ask for reappointment, with a grant of 100/.* 

Index Oenerum et Syecierum Animaliwn. — Rejiort of the CommiUee^ 
consislifig of Dr. Henry Woodward (Chairman), Dr. F. A. 
Bather (Secretary), Dr. P. L. Sclater, Eev. T. R. R. Stebbino, 
Dr. W. E. Hoyle, Hon. Walter Rothschild, and Lord Wal- 

SINGHAM. 

JoNTixuous and steady progress has been made by Mr. Davies Sherborn 
n the preparation of Volume JT. of this Index. Since the report for last 
/ear was sent in, Mr. Sherborn has dealt with the remainder of the 
separate works by authors whose names begin with G, and of tliese tlie 
/arious editions of Cuvier proved exceptionally long and tedious to 
uialysc. Other works have also been dealc witli as opportunity offered. 

Valuable assistance has been rendered by Mr. Hartley Duirarit, wlio 
ent from Lord Walsingham’s library (presented to tlie Trustees of the 
iritish Museum) a fine copy of the extremely rare woi’k by Jhllberg, 
Enumcratio Iiiscctorum,* 1820, which has been indexed and made 
waitable for reference. 

The slips, which are jireserved in the British Museum (Natural 
iTistory) by the kindness of the Trustees, are (piite in order for tlioso 
vlio wish to consult them, and are of exceptional value to anyone 
nonogra))lnng a particular genus. 

Mr. Sherborn and Mr. H. O. N. Shore have written a paper clearing 
]p the difliciilties surrounding Sowerby’s ‘ Conchological Illustrations * 
nd Gray’s * Descriptive Catalogue of Shells/ ^ and Afr. Sherborn him- 
elf has written on the dat{;jS of ihe parts of Burmeister ‘ General Insec- 
orum,’ 1838-46.2 

Systematic and regular work on this Index is greatly encouraged 
)y the friendly attitude of the Association, and the C<immiltee, in 
ecommending its own rea]>|)ointment, earnestly ask the Association 
o continue this valualde help by a furtlier grant of 1(H)/. 

^he Zoology of ihe Sandwich Islands, — Twentieth Report of the Com- 
mittee, consisting of Dr. F. Du Cane Godman (Chairnmn), Mr. 
D. Sharp (Secretary), Professor S. J. Hickson, Dr. P. L. Sclater, 
and Mr. Edgar A. Smith. 

.notheb part of the ‘ Fauna Hawaiiensis * is about to be issued by the 
Committee. This will complete the descriptive part of the work. As 
appears desirable to issue also a general summary of the Committee’s 
ork, the Committee ask to be reappointed without a grant. 

^ Prcc, Malae, Soc,, September, 1909, pp. 331-340. 

• Ann, Mag, Nat, Hist,, Jamiaiy, 1910. 
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Zoohgy Organisation, — Interim Report of the Committee, consistin 
of Sir E. Eay Lankester (Chairman), Professor S. J. Hickson 
(Secretary), Professors G. C. Bourne, J. Gossar Ewart, M. Hartoo, 
W. A. Herdman, and J. Graham Kerr, Mr. 0. H. Latter, 
Professor Minchin, Dr. P. C. Mitchell, Professors C. Lloyd 
Morgan, E. B. Poulton, and A. Sedgwick, Dr. A. E. Shipley, 
and Rev. T. R. R. Stbbbing. 

The Committee have not considered it to be necessary to summon any 
meetings during the past session, as no matters of special interest anil 
importance to zoologists were raised. 

The Committee ask to be reappointed witliout a gi’ant. 


Marine Laboratory, Plyrmvth, — Report of the Committee, consisting of 
Professor A, Dendy (Chairman and Secretary), Sir E. Ray 
Lankester, Professor A. Sedgwick, Professor Sydney H. Vines, 
and Mr. E. S. Goodrich, appointed to nominate competent Naturalists 
to perform definite pieces of work at the Marine Laboratory, 
F/ymoutA. 

Since the date of our last report the British Association's table at the 
Plymouth Marine liaboratory has been occupied for one month 
(August 1909) by Mr. J. S. Dunkerly, for the purpose of investigating 
the life-history of the Flagellate Protozoa. The use of the table has 
also been granted, for the month of July 1910, to Mr. O. E. 
Nicholls, B.Sc., for the pro'iecution of his researches on Beissner's 
Fibre, with special reference to the Elasiiiobranchi. 


Inniskea Whaling Station, — Report of the Committee, consisting of 
Dr. A. E. Shipley (Chairman), Professor J. Stanley Gardiner 
(Secretary), Professor W. A. Herdman, Rev. W. Spotswood 
Green, Mr. E. S. Goodrich, Dr. H. W. Marett Tims, and Mr. 
R. M. Barrington, appointed to investigate the Biological Problems 
incidental to the Inniskea Whaling Station, 

Mr. D. G. Lillie was enabled to work at the Inniskea Whaling Station 
for several months during the summer of 1909. His expenses have 
been met by private benefaction. It was hoped that he would continue 
his researches this year, but, having been appointed a member of the 
scientific staff on the ‘ Terra Nova,* he left for the Antarctic in June. 
As a result of his work he has published substantial contributions to 
our knowledge of the Cetacea, and it is greatly to be hoped that the 
opportunity afforded by the Inniskea Whaling Station of investigating 
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llie larger Cetacea will not be lost, as there seems every chance of these 
iiiaiiimals being rapidly exterminated. 

The Committee apply for reappointment and for a grant of 50Z. 
lio further the work. 


Experiments in Inheritance, — Third Beport of the Committee, consisting 
of Professor W. A. Herdman (Chairman), Mr. Douglas Laurie 
(Secretary), Professor R. C. Punnett and Dr. H. W. Marett Tims. 
(Drawn up by the Secretary.) 

On the Inheritance of Yellow Coat Colour in Mice, 

The experiments have been much interfered with through disease 
imong the mice. It has been necessary to destroy a very large number 
)f them, and to commence again practically at the beginning. The 
jiresent report is purely formal. A fuller report is anticipated next 
^^ear. 

The Committee ask to be reappointed without a grant. 


deeding Habits of British Birds, — Second Report of the Committee, con- 
sisting of Dr. A. E. Shipley (Chairman), Mr. H. S. Leigh (Secre- 
tary), Messrs. J. N. Halbert, C. Gordon Hewitt, Robert New- 
STEAD, Clement Reid, A. G. L. Rogers, F. V. Theobald, and 
Professor F. E. Weiss, appointed to investigate the Feeding Habits 
of British Birds by a study of the contents of the crops and gizzards of 
both adults and nestlings, and by collation of observational evidence, 
with the object of obtaining precise knowledge of the economic status 
of many of our commoner birds affecting rural sdenee. 

The investigation of the •feeding habits of the rook, starling, and 
diaffirich has been continued during the past year. 

The correspondents whose names are set forth in the Report for 
1909 have again sent specimens of birds to the Secretary each inontli. 
The Committee again desire to express indebtedness to them for their 
and assistance. 

During the twelve months (June 1, 1909, to May 31, 1910) 432 
)irds have been received, the number being made up as follows : 
ooks 87, starlings 193, chaffinches 152. 

Each bird or batch of birds is accompanied by a form filled in by 
he correspond'ent giv^ing details as set forth in the Report of last year. 

The contents of the gizzards of 302 birds have been examined up 
0 May 31, the number consisting of 212 rooks, 50 starlings, and 
0 chaffinches. The evidence obtained from the examination of these 
pecimens is not sufficient to form a correct estimate of the economic 
tatus of any one of the three birds under investigation; wlien, in the 
opinion of Ihe Committee, a sufficient number of specimens of any 
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one ^)ccics have been examined, the results of tlie iabul.ifions and 
the particulars supplied by the corresi)ondeiits will be arranged and 
published. 

A grant of 51. was made to the Committee by the Association in 
1909, and in addition there was a balance from the grant of 501. from 
the Board of Agriculture and Fisheries, carried forward from last year. 
The money has all been spent. The Committee ask for reappoint- 
ment, with a further grant, and with the addition of Professors S. J. 
Hickson, F. W. GamUe, G. H. Carpenter, and Arthur Thomson. 


*The Amount and Distribution of Income {other than Wages) below the 
Income-tax Exemption Limit in the United Kingdom. — Eefort of 
the Committee, consisting of Professors E. Cannan (Chairman), 
A. L. Bowley (Secretary), F. Y. Edgeworth, and H. B. Lees 
Smith, and Dr. W. K. Scott.^ 

Introduction. 

The Committee, which was appointed at tlic Dublin inociing, liave pro- 
ceeded with their investigations and collected information during two 
years; and though a complete account of the amount of income with 
irJj/c/i it deals cannot be given, it is now possible to survey the ground 
and to make an estimate which it is believed is better founded than any 
prenously made, and which is nearly as accurate as is possible in the 
existing state of official statistics. 

It is customary to divide the aggregate of incomes of the inhabi- 
tants of the United Kingdom into three groups: first, those incomes 
which are subject to income-tax — i.e., which are over 160Z. per annum 
according to the definitions of ihe Income-tax Commissioners ; secondly, 
those incomes which are received as wages and come under the cognisance 
of the Ijabour Department and are included in Estimates of Earnings of 
Manual Workers ; and thirdly, an Intermediate Group, which is included 
in neither of the former. It is the aggregate«of the income in this third 
group that the Committee have to estimate. 

The procedure of the Committee has been to collect all the statistics 
relating to members of this group which are published officially or semi- 
officially, to apply to public bodies for data as to the salaries paid to 
their employes, and to apply to societies representing professional and 
other classes for any statistical information they had as to the numbers 
in such groups and their incomes. For other classes the Committee 
made direct applications for information in all quarters wdiere it seemed 
probable that a response would be received. In this matter they were 
greatly helped by the Manchester Statistical Society, who conducted a 
careful and useful investigation in the neighbourhood of Manchester. 
The Circular of Inquiry which follows was used extensively for the 
collection of fresh data : — 

Sir, — It is of great importance for ninny practical and scientific purposes to 
know the total of the National Income and the relative number of persons in 

^ Mr. W* G* S. Adains has resigned his mombersbip of tbo Chn^mittep. 
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receipt of incomes of different amounts. The total may be divided into three 
classes: (a) amount subject to income-tax ; (6) amount received* as wages; 
(r) remainder. Fairly adequate information is extant for classes (a) and (b), 
but no serious inquiry, ofEcial or private, has been made in recent years as to 
(c), and this unknown amount is the subject of vague and misleading guesses. 
Absence of information on this subject is one of the most serious gaps in our 
national statistics, which are otherwise becoming fairly complete. The work of 
the Committee named above is to form a reasoned estimate as to the numbers 
and income of persons, where income from all sources is less than 160f. and does 
not arise from wages. Apart from persons in receipt of pensions, annuities, and 
dividends (as to whom the Income-tax Commissioners give some information), 
the class in question consists largely of clerks, teachers, shop assistants, &c. 
The Committee, having considered the practicable means of forming an estimate, 
is of opinion that the answers to the questions on the annexed schedule, which 
is being issued to a number of Companies and Corporations, would be of material 
assistance to them in their task, when used in conjunction with the Population ' 
Census and other information. The' Committee will, then, be greatly indebted to 
you if you will fill in the details asked as to your Firm, Company, or Corporation, 
and return the form at your early convenience. 

The returns will be used only for purposes of averages and will be regarded 
as strictly confidential i no name, whether of an individual or of a company, will 
be used in the report. 

I am, &c. 


confidential. 

Year and locality to which miormdtion applies 

Nature of business or occupation 

[If shop assistants in retail business or commercial travellers are 
employed, details should be given under the same headings on 
a separate page.] 

A. itumher of partners, managers, clerks, &c., who draw* more than ICO?. 

' per annum. 

Men Women 

b. Number of partners, managers, clerks, &c., who draw 160?. or less. (Do 
not include (i) workmen, porters, mesflcilgcrs, &r. — /.c., those in receipt 
of wages— -or (ii) clerks, &c., who do not give their full lime to your 
business). • 

Men and lads Women and girls 

As regards B. 

Total amount paid to these clerks, &c. . . £ 

The above will pivo the essential information, but it is also important to fill 
in the following table ; — 

Number of clerks, &c. (under B), whoso incomes fall within the following 
* limits : — 

j — — I Mcmi aiul Jjails i Women and Girls 1 


£140 to £160 
£120 „ £140 
£100 „ £120 
£80 „ £100 
£60 „ £80 
£40 „ £60 
' Under £40 
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CONPmRNTIAL. 

Use this page for sAop asehtants only. Exclude clerks, briisailS, and 
labourers. 

A. Number who draw more than 160!, per annum. 

Men Women 

B. Number who draw 160/. or less. 

Men and lads Women and girls 

As regards B. 

Total amount paid to ihe.se assistants per annum £ 

Number whose annual salaries fall within the following limits : — 



Without Board or Kesidenoe 

With Board or Residence 


Men and 
Lads 

Women and 
Girls 

Men and 
Lads 

Women and 
Girls 

£140 to £160 . 

£120 „ £140 . 

£100 „ £120 . 

£80 „ £100 . 

£00 „ £80 . 

£40 „ £60 . 

£20 „ £40 . 

Under £20 . 






It is evident that there is no clear line of division between the 
'vage-earning group which is dealt with by the Ijabour Department 
and the intermediate group. Salaries, especially those of lads and 
of young men, are very frequently less than wages, so that it is not 
51 question of amount of annual income. Again, there is no sim})le 
distinction between clerical and manual work, for many occupations 
involve both. Further, such important classes as shop assistants and 
small shopkeepers might equally well be included in either class. But 
it is not -a definition in accordance w ith the., nature of the occupation 
that we must aim at, but rather a question of fact as to whether certain 
classes do or do not come under the cognisance of the Labour Depart- 
ment and are or are not included in the estimates of aggregate wages 
based on their statistics. The Labour Department, however, does not 
issue an official estimate of aggregate w^ages, and in the end it will 
be necessary for each statistician to decide to what classes of persons 
the data published by the Ijabour Department relate, to esti!mate the 
aggregate wages of such groups, and to place the remaining groups 
either in the intermediate or in the income-tax paying classes. From 
this point of view it is not essential to elaborate the grounds of the 
delimitation actually adopted, for all occupied persons must be, in fact, 
included in one or other of the classes, and it does not matter whether 
they are included as wage earners or as salaried, since the income 
allotted w'ould be much the same in each group. 

When we have separated out wage-earners, so far ns the Popu- 
lation Census allow^s, from other occupied persons, we obtain the 
numbers shown in the following table : — 
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Number of Persons in the Three Groups, 

Census of United Kingdom^ 1901. Occupied dosses^ other than manual labourers 
working for emphyera [over ten years old)'. 




Males — OOO’s 

j Females — 000s 

— 

II 

s 

1 

73 

§ 

73 i 

•Si 


! 

1 J 

'O 

s 

73 S 



J 

>4 

1 



! “ 

'3 

tin 


1. Civil Service (Officers and 
Clerks) 

42 

4 

6 

52 

14 

1 

2 

2 

18 

2; Local Government Officers . 

26 

3 

4 

33 

11 

1 

! 1 

12 

3. Army Officers • . . 

13 

1 

1 

15 

1 — 

i 

; — 


4. Navy Officers .... 

5 


— 

5 


' 

i — 

— 

h. Clergy of all denominations . 

40 

5 

6 

51 


, 

— 

— 

6. Barristers and Solicitors. 

21 

4 

3 

28 

— 

— 


— 

7x Law 

34 

6 

2 

42 

— 

— 


— 

8; Doctors, Dentists, Veterinary 
Surgeons, Engineers, Sur- 
veyors, Architects. 

59 

8 

6 

73 

. 



1 

9. Teachem ..... 

59 

V 

7 

73 

172 

17 

13 

202 

10. Authors) fidltorS) Journalists, 
Shorthand Writers, Scien- 









tists. Painters and Sculptors 

23 

2 

1 

26 

1 

— 

— 

1 

11. Photographers, Musicians, 

38 



42 

33 


1 

37 

AiCtors . . . . . ! 

3 

1 

3 

12. Mciehants 

5 

1 

2 

8 

— 


— 

— 

13. Brokers, Auctioneers, Ac- 
countants . . • • 

64 

7 

i 

5 

76 

2 





2 

14. Salesmen and Commercial 
Travellers .... 

66 

10 ' 

i 

4 

80 

1 

! 

1 

2 

15. Company Officers . 

2 

— , 

— 1 

2 

— 

— 

— 

— 

16. Commercial and Industrial 
Clerks 

308 

38 j 

1 

19! 

365 

56 

16 

3 

75 

17. Bankers and Finance 

31 

5 

3| 

39 

— 

— 

— 

— 

18. Insurance Clerks 

21 

2 

1 ! 

24 

— 

— 

— 

— 

19. Insurance Agents . 

34 

3 

1 

38 

! 

— 

— 

— 

20. Farmers 

203 

46 

328; 

577 

21 

8 

71 

100 

21. Other Agricultural £n\ployers j 

8 

1 

— ! 

9 

— 

— 

— 

— 

22. Merchant Service, Officers . j 

— 

1 

— ' 

36 

— 

— 1 

— 

— 

23. Railway Clerks . . . 

68 

8' 

3 

79 

9 

— , 

— 

_ _ i 

24. Telephone Clerks 

14 

2 

— 

16 

2 

— 

•11 i 

Manufacture and Occupations not 
otherwise included ; — 

25. Employers . . . . } 

225 

1 

32! 

I 

1 

9 

246 

23 

3^ 

1 

! 

27 i 

26. Working on own account . 
Dealers and Shopkeepers ; — 

27. Employers .... 

269 

13; 

4 

286 

241 

29 > 

8 

278 

133 

20 1 

16 ! 

169 

14 

2* 

2 

18 

28. On own account . . . 

218 

15, 

13! 

246 

90 

13 I 

i 

114 

29. Employed .... 

469 

62! 

49 

580 

161 

371 

31 

229 

30. Costermongers and Assistants 

47 

4i 

2! 

53 

14 

3 

I 1 

18 

31. Sweeps (not assistants) . 

4 

1| 

1; 

6 

“ 7 “ 

— 

1 


Totals 

1 

2,529 

1 

313 

497 

! i 

3,375 

:804 

1 

135 

146 

i 

j 1,146 


The inclusion of heading 30 and 31, and the further inclusion of gardeners 
working on their own account (26,000), and of showmen, &c. (15,000), and of 
* missionaries, preachers, monks, .^sters, &c.,* are open to question. An estimato 
for some of these is included in our final table. 

1910. 
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The table just given classifies the persons returned as occupied in 
the qensus of 1901 in thirty-one classes. The classes contain in every 
case one or more of the census sub-headings. These sub-headings are 
Rouped in an apparently arbitrary manner in accordance with the kind 
of information as to incomes which is available. The classification for 
England and Wales in the census is the same as that for Scotland, but 
that for Ireland differs in some important respects, and some approxi- 
n^ition has been necessary to obtain correspondence. The list will only 
be completely intelligible when put alongside the census tables of occu- 
pation. ^ Since this classification is extremely important, in order that 
our results may be understood, and be capable of improvement as 
further information accumulates or as the census classification becomes 
more useful, we give the actual sub-headings contained in our thirty- 
one classes. Those who are not so included are lumped together as 
manual workers. 

The first eleven classes are included under the census headings — 
Government, Defence, Professional. 

Class 

1 Civil Service, officers and clerks. 

2 Municipal, parish, and other local or county officers. 

3 Army officers (effective and retired). 

4 Naval officers (effective and retired). 

5 Clergy and ministers of all derioiniiiatiuns. 

5a Missionaries, preachers, monks, &c. 

6 Barristers and solicitors. 

7 Law clerks. 

8 Those professions for which definite preparation is required — i.r., doctors, 

dentists, veterinary surgeons, engineers, surveyors, and architects. 
Nurses are not included. 

9 Teachers. 

10 A composite group of authors, editors, journalists, reporters, shorthand 

writers, persons engaged in scientific pursuits, and artists, as to whom 
we have no special information. 

11 A similar group, where there is a larger proportion of semi-manual workers 

included — photographers, musicians, and actors. 

The following eight groups are included under commercial occupa- 
tions in the census : — • 

Class 

12 Merchants. 

13 Brokers, stockbrokers, agents, factors, accountants, aiictlonceis, house 

agents. A miscellaneous group concerning whom we have no special 
information. 

14 Commercial travellers and a few salesmen and buyers not otherwise 

described. 

13 A small group described as officers of companies, societies, &c. 

16 Clerks. Under this heading are included accordijig to the Instructions to 
the Census Clerks employed In classifying occupations (of which we have 
a copy) the following headings : — 

Accountant (bookkeeper), accountant clerk, accountant’s clerk, bookcl*, book- 
keeper, cashier, managing clerk, secretary (not private) other thafl hank, 
insurance, and others specifically included in other classes* • Collector of 
accounts, debts, rents, or rates, &c., water clerk, auto-type Worker, 
merchant’s correspondent, phonograph writer, typist, copyist, shorthand 
clerk, and some others. 

We learn that it was intended to include all clerks, whether in eommenre 
or manufacturing industry, under this^beading. 
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Class 

17 Bankers and finance agents. 

18 Insurance clerks. 

19 Insuram'e agents and collectors. 

The remaining classes are : — 

20 Farmers and graziers. 

This includes crofters in Scotland and peasant proprietors in Ireland. It 
does not include farmers’ relatives working on the farm or bailiffs. 

21 Here are included a number of gardeners, entering themselves as employers 

and proprietors of agricultural machines, &c. 

22 Here we have included masters, mates, and an estimate for engineers 

(from table 52 of Appendix A to the General Report of the Census). It 
is to be noticed that seamen at sea are not always included in the total 
population. 

23 Railway officials or clerks. This is not given in the Irish census, and we 

have approximated for the relatively small liUmber there concerned. 

24 Telegraph, telephone service, not including messengers or Government 

servants who come under class 1 or mechanics. 

The next five classes are obtained from Orders 9 to 22 in the 
census classification, which contain the whole of productive industry 
and a great part of retail distribution. The first separation is between 
manufacturers (or makers) and dealers, which includes sliopkeepcrs and 
assistants. Tin’s division is not made in llic Irish census, except that 
most imj)orljnit classes of shops arc given separately. It is not possible, 
ill general to distinguish between wholesale and retail distribution, but 
it is to be renienibercd tliat clerks, who arc the main employes other 
tlhin manual w’orkers in w^holesale distrihulion, are already included in 
ou** class 16. 

The other line of division is hetw’oen einployors, those who are 
w’orking for employers, and those who arc working on their own 
account. In the General Report in the 1901 Census considerable dis- 
satisfaction is expressed as to the result of this classification, but it 
may be observed that it appears to be correct in its main lines, since 
])ersoiis w'orking on their own account are found in greatest numbers 
in precisely those occupations w*hcre common observation w’ould lead 
one to expect them. (3ee the list in the table below.) There is no 
other means of ostimatiog these numbers. It is quite possible that 
many persons describe themselves as employers w^ho are, in fact, 
employed during part of their time, and, indeed, very many persons 
are both employers and employed. To this point w’e must return 
wdien w^e estimate the incomes of this group. 

In class 25 are included all the persons returned as employers in 
the census orders, except those emplovers who are dealers or shop- 
keepers, who, together, form heading 27. Similarly, under 26 and 28 
are included those working on, their own account. In class 29 come 
those (other than clerks) w'ho work for those employers w’ho are dealers 
or shopkeepers. Finally, w^e include class 30 — costermongers, whether 
employers, employed, or on their own account — and class 31 — employer 
sw^eeps; for these tw^o classes, presumably, are not included in the 
Labour Department's wage statistics, as they are not manual w’orkers 
employed by others. We may here remark that w’^e learn that sho^j 
assistants are not to bo included in the current wage census, and w^e 
|iavo therefore included them ii) the intermediate group. 

N Z 
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A study of the census will show some other classes, all small, which 
might be included in our grouping, but even in the aggregate they will 
not be large enough to affect our estimate seriously, and may be left 
as part of the margin which may be included either in the intermediate 
group or the wage-earning group, and must be included in one or the 
other. Additional classes, however, 5a (missionaries, Ac.) and 11a 
(iSiowmen, &c.), are inserted in a further table (p. 195). 

It must be remembered that the whole estimate is dependent on 
the census classification, that is, ultimately, on the occupations which 
persons returned themselves as following in 1901, and we have no 
means of going behind this classification, except in those few cases 
where there are independent statements of the numbers of persons in 
an occupation, and even then the difficulties of comparison are enormous. 
In the supplementary table annexed are given some details under our 
classes 25 to 29 in order that it may be seen what occupations provide 
greatest number under these composite headings: — 

Census — Further detaik. 


Classes 25 <f? 26 — Manufacturers^ d-c., England and Wales, OOO’s. 




Working on Own 


Employers 

Account 

1 


Men 

Women 

Roads 

10 

23 

— 

Rivers and Docks 

3 

4 

— 

Mines and Quarries 

1 

— 

— 

Blacksmiths 

7 

10 

— 

Metals 

16 

11 

— 

Ships 

1 

1 

— 

Vehicles 

8 

8 

— 

Precious Metals 

8 

13 

— 

Builders 

57 

49* 

— 

Furniture 

9 

13 

— 

Wood 

‘2 * 

3 

— 

Glass 

3 

1 

— 

Chemicals, &c 

3 

1 

— 

Leather, &c 

5 

5 

1 

Paper and Printing 

6 

3 

— 

Cotton 

3 

— 

— 

Wool 

3 

1 

— 

Other Textiles 

4 

2 

5 

Clothes 

25 

67 t 

183 § 

Food 

7 

7 

1 

Tobacco 1 

o 



Beer and Spirits j 

o 



Lodging-house- and Inn-keepers 

16 

66 X 

47 

Others 

5 

2 1 

4 


205 

269 

241 


* Caipenters, 17 ; painters, 11 ; plumbers, 5 ; builders, 5. 
t Tailors, 16 ; bootmakers, 38. 

i Coffee-house, 6 ; lodging-house, 4 ; publicans, &c., 44.. 

§ Milliners, 8 ; tailors, 5 ; dressmakers, 153 ; seamstressesi 15. 
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Classes 27, 28, 29 — Dealers and Shopkupers^ England and Wales, OOO’s. 





Employers 

Assistants 

On Own Account 


Males 

Females 

Males 

Females 

Males 

Females 

Dealers .... 


« 

17 



- 



Ironmongers 

• 


5 

— 

20 

2 

4 

1 

Jewellers 

, 


1 


3 

2 

2 

1 

Chemists • 



& 


16 

3 

4 


Booksellers and Newsagents 


6 

— 

23 

10 

9 

4 

Clothiers and Hatters 



4 


15 

4 

3 

1 

Bootmakers • 



2 



10 

6 

2 

1 

Haberdashers 



1 



5 

1 

1 

1 

Drapers 



11 

2 

47 

58 

8 

7 

Hai^rossers 



4 



17 

12 

12 

__ 

Dairymen . 



3 

— 

22 

3 

10 

2 

Cheesemongers . 



3 

— 

9 

1 

4 

3 

Butchers 



13 

1 

68 

1 

23 

1 

Poulterers 



3 



13 

1 

II 

2 

Corn Dealers 



5 

_ 

7 


3 


Confectioners 



12 

3 

5 

21 

13 

12 

Greengrocers 



5 

— 

15 

5 

20 

6 

Grocers 



18 

2 

100 

13 

36 

27 

General Shopkeepers . 



1 

1 

0 

16 

12 

11 

Pawnbrokers 



2 

— 

8 

1 

1 

— 


The following table shows the whole population over ten years old 
as it was in 1901 : — 

1901 . — Persons over 10 Years Old,* 000> 


— 

England 
and Wales 

Scotland 

Ireland 

United Kingdom t 

CO 

*3 

eo 

V 

1 

Pm 

09 

*3 

313 

1,078 

00 

a> 

1 

Pm 

OC 

JV 

*3 

09 

0) 

1 

Pm 

00 

a; 

OO 

1 

Pm 

00 

§ 

00 

h 

4,530t 

14,099 

Included in pre-^ 
vious table . 
Manual workers 

2,529 

7,628 

• 864 
3,308 

135 

457 

497 

906 

146 

401 

3,385t 

9,934 

1,146 

4,106 

Total occupied 
Unoccupied 

Total 

10,167 

1,977 

4,172 

9,018 

1 , 301 ! 592 

205| 1,199 

1,403 

344 

547 

1,272 

13,319 

2,586 

6,310!i8,629 

ll,488[l4,074 

12,134 

13,190 

1,(S56| 1,700 

1,747 

1,818| 

15,905 

16,798j32,703 


* Children (if any) under ten years in Ireland returned as occupied are also included, 
t For the United Kingdom the numbers are corrected, as far as possible, by 
including estimates for the Army, Navy, and Merchant Service afloat or abroad, 
from the General Report of the Gensua 

Most of our information as to incomes refers to 1909 or 1910. To 
bring the census table up to the end of 1909 we must add SJ per cent, 
in accordance with official estimates. This shows 4,910,000 persons 
(4,530,000 X 1*085) in either the income-tax paying or in the inter- 
mediate group, and about 15,300,000 wage-earners, male or female. 
Actually we have assumed that the numbers in class 20 (farmers) have 
remained unchanged, and have added about 10 per cent, in the case of 
all the other classes; this gives a general increase of 8*G per cent. 
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Number oj Income-tax Payers. 

We can approach this part of the problem from two point ^ of view, 
for we can eitlier estimate the number of tax-payers from tlic Eei^oiis 
of the Income-tax Commissioners, or estimate the number of tax- 
payers in each of our thirty -one classes. As regards tlio first, it is well 
known that the number of income-tax payers cannot be direclly found 
from the Commissioners’ Eeports, still less can we find tlie number of 
persons who pay on so-called ‘ earned income,’ wliicJi alone conceins us 
at present. It is not proposed to make a new estimate of Ibis number, 
but we recall the following statistics from Mr. Eowley’s I'videnci^ 
to the Committee on Income-tax (11. of C., 306 of lOOu, especially 
page 223). It appears that there were in 1904 about 039,200 jicrsons 
earning over 160Z. in Schedules D and K. To this we must add 23,000 
fanners (see page 26), making 059,200, and 5 per cent, to bring 
it up to the year 1909, making 682,000. To this sliould I:e added an 
estimate for the considerable number of persons who earn less than 
160h, but whose income from other sources brings theru above tlie 
exemption limit. On tlie other hand, we find in the fifty-second lleport 
of the Commissioners (page 139, note) that about 750,000 persons satisfied 
the Commissioners that they were entitled to pay only 9d. on the whole, 
or some part of their income, i.e., there are at least 750,000 persons who 
have some earned income and a total income of between 160f. and 
•2,000Z., to this should be added the relatively small number of persons, 
part of whose incomes are earned, while the whole is above 2,000Z., and 
also the number who did not, owing to the shortness of notice in 1908, 
or for other causes, claim the reduced rate to which they wei*e entitled. 
All these data are consistent with an estimate of 800,000, or rather 
more, as the number of occupied persons who pay income-tax, and 
we propose to adopt this estimate. If the Income-tax Commis- 
sioners give us more information in the future it can readily bo used 
to make the necessary alterations throughout tlie remainder of our 
estimates. Subtracting these 800,000 taxpayers from'iJic 4,900,000 
occupied persons other than manual workers, we have the large nuinher 
of 4, 100, (XX) persons in the intermediate group. This is likely to be 
correct (subject to the definitions we are adopting) williin 100,0(X). I’his 
number -is considerably greater than those wliicli have been hitherto 
adopted; but previous writers have not given their data, so that it is not 
possible to discover the cause of the difference. It is probable that a 
very large number (nearly 1,0(X),0(X)) classified as working on their own 
account in our table have not been included in other estimates, and that 
some classes which may be regarded as manual ] abour classes are in- 
cluded in our statements, but not in others. As already stated, this 
inclusion or exclusion would become unimportant if the aggregate of 
income, salaries, and wages \vere computed. 

Nufnhers and Incomes in the Thirty-one Classes of the Intermediate 

Group. 

We now proceed to discuss. the incomes of our thirty-one classes. 
For some of these wc have adequate information ; for others wc have 
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sufficient information to form an approximate estimate; for others we 
must proceed by results of common observation or by guesswork. It 
is intended thioiighout this part of our Eeport to show clearly the basis 
of our estimaies, and to put Uiem in such a form that it will be possible 
for each item (o be amended if further information can be obtained. Our 
information is adequate as regards the Civil Service, Local Government, 
the Army, Navy, the clergy, elementary teacliers, banks, and railway 
servants. Tt is sufficient for an estimaio for clerks, farmers, and shop 
assistants. In some other cases, viz., professional, under our classes b 
and S, and mcM chants, w'e may assume that the great majority pay income- 
tax. In the remaining cases we must do the best we can to find limits 
to the a^regate income, which will not contradict any of the general 
data we have. The wxak point of previous estimates of this intermediate 
income has been that no attempt has been made to determine any limits 
wifliin wliicli ihc aggregate may be definitely expected to lie. The late 
Sir Ko])crt Giffen and some other writers liave been content to find a 
lower limit and say, for example, that there is al least 200,000,0002. in 
this group. Others, following the example of Dudley Baxter, who 
initiated this inquiry in 1868, have been content to make the best guess 
they could, without attempting to assign its precision. We propose, on 
the other hand, to state (wherever any check can be obtained) the superior 
and inferior limits of the number and of the average income of the non- 
tax-payers in each group, and hence to compute a measurement- of 
precision of the aggregate. 

The theory of probability, especially that part related to the Law of 
Groat Numbers and the normal Curve of Error, will afford some help. 
Tn each case we have endeavoured to assign, in the light of all the in- 
formation available, whether published in this Eeport or omitted as too 
confidential or for want of space, limits within which it seems highly 
probable that the true measurement must lie. The modulus in the Curve 
of Error shows the deviation which will only be exceeded in either direc- 
tion once in six times in the long run, and wo believe that we can assign 
the numbers, not differing greatly from such a modulus for ihe various 
classes. This does not moan that wo can assign definite odds of five to 
one against the quantity measured being outside the limits we give, but 
that we can obtain numbers whose ratio to such a modulus will not differ 
greatly from unity. The numbers following ihe sign + in our estimates 
are all to be interpreted in this sense.' Having obtained these moduli for 
all the items it is a known problem to combine them by the theory of 
error into a modulus for the total. Accordingly this section of the Eeport 
will be devoted to assigning estimates for each of the thirty-one classes, 
and then grouping them together.® 

It must be clearly understood that the main purpose in this Eeport 
is to tabulate our knowledge or our ignorance as to the Intermediate Group 

' We use the modulus here in preference to the * probable error ’ or the ‘ standard 
deviation ’ which express smallqpmprobabilities. « i. 

® It should bo understood that the estimates in this section of the Report have 
been made by the Secretary, who alone has ha^accoss to the information accumulated, 
and that the other members of the Committee have only given a ^neral assent to 
them. 
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as definitely as possible, and to assign limits to tlie precision of tlie 
estimate of the aggregate income of this group. Every estimate should 
be criticised in the light of its effect on this aggregate, and if any amend- 
ment is thought necessary, its effect on the result should be computed 
before its importance is accepted. As a by-product we have also 
obtained valuable information as to special classes, but we are bound to 
make estimates in all cases whatever our ignorance may be. It is 
believed that the use of the modulus, chosen so as to include all esti- 
mates which are reasonably probable, enables us to make bricks without 
straw which will be strong enough for the strain we shall put on them. 

Class 1. Civil Service. — ^There is no exact classification extant of the 
individual salaries of Civil Servants, but the numbers and the salaries 
are given in great detail in the estimates for the Civil Services and 
Eevenue Departments published annually. The only difficulty is to 
interpret such items as ‘ 39 second-division clerks, minimum 70Z., annual 
increment lOZ., maximum 250Z., total 6,400/.,’ and to estimate from 
them the number and income of those who have not more than 160Z. 
It is believed that this has been done in such a way that the result, 
both in number and distribution of salaries, is very near the facts, 
and that it was unnecessary to try to get complete details from the 
Treasury. The process used is to take every item by itself, and divide 
the groups according to whatever indications are given. A further 
difficulty is to divide the wage-earners from the salaried, but the Census 
Instructions to Tabulating Clerks make it possible to select with very 
fair precision those who are included under the heading Officers and 
Clerks. As a result of our examination we find 66,000 male Civil ser- 
vants (officers and clerks) in the United Kingdom, of whom about 
19,000 received more than 160Z. The Census total was 62,000, which, 
when increased by 9 per cent, to bring it up to date, corresponds closely 
with the total just found. The average salary of these clerks is, 
approximately, 95/. Our conclusion is that there are 36,000 ± 2,000 
male clerks, with not more than 160/., and that their average is 9dl.:±5l. 
As regards the women clerks, we only find 14,300, whereas the census 
gives 18,000. [The difference is not improbably due to many sub-post- 
mistresses returning themselves as Government servants, whereas, in 
fact, they would be more properly classified as shopkeepers, and only 
receive part of their income from tho Government. We have trans- 
ferred these to class 27. Sub-postmasters and mistresses are not 
properly included as Government servants.] The main bulk of 
these female clerks are in the Post Office service. Only 176, 
or about 1 per cent., of these w'omen earn more than 160/. The 
estimate we adopt under this heading is 16,000 ± 2,000, at 57/. ± 5/.. 
In this and in other classes a small number pass the exemption limit in 
virtue of other sources of income. There is no means of allowing for 
this except by the limits shown by the ‘ modulus. * 

Class 2. Local Government. — ^We have received in answer to our 
ScKedule of Inquiry thirty-one detailed returns from county boroughs 
in England and Wales with an aggregate population of over 4,000,000, 
and a return from the London County Council. There is con- 
siderable -diffitfiilty in definition in this class, and it is improbable 
that the town clerks .who rnado returns for us obtained exactly 
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the same line of division as tlie census authorities, either as to whether 
a person was or was not employed in local government service, or as 
to whether he was an official or a workman. A further difficulty 
is that many persons give only part of their time to such service, 
being engaged in professional occupations otherwise, and that 
they may in a few cases have been included with unduly small 
incomes. For Scotland we have returns from Glasgow, Edii^l)urgh, 
Dundee, Perth, Paisley, Hairiilton, and Cupar. We have no returns 
from counties as apart from boroughs. The total number for which we 
have information is 11,400 males and 1,660 females in Great Britain. 
We have no returns from Ireland. As regards males, 38 per cent, in 
London, 76 per cent, in the boroughs, and 76 per cent, in Scotland re- 
ceived less than 1601. The average of these in London was 120Z. , in the 
boroughs 91Z., in Scotland 93Z. Taking the census numbers and com- 
bining our estimates in proportion to the population of London, the rest 
of England, and of Scotland and Ireland, wo find that 72 per cent. 
(i. 0 ., 26,000) receive less than 160Z., with an average of 93Z. Different 
methods of combination would give different results, and it seems neces- 
sary to allow a margin ± 2,000 for the number, and ± lOZ. for the 
average salary. As regards women and girls, wo find that the propor- 
tion to men in our returns is less than in the census, no doubt because 
the census includes nurses in infirmaries, &c., while for our purpose 
they were excluded, together with other nurses in the Census Order 3, 
Sub-order 3. We have therefore in the final table included' only one 
woman to seven men, as shown in the returns. Very few of them 
receive over 160Z. — ^their average in London is 80Z., in the boroughs 46Z., 
in Scotland 60Z., and the approximation chosen is 6,000 it 3,000 at 
50Z. ± 

Note . — It must be remembered that w^e have to deal with a very largg 
aggregate, and in dealing with items which do not amount to £1,000,000, 
as is the case for women and girls in the two classes now dealt with, a 
considerable relative margin will have little absolute effect on our final 
estimate. • 

Class 3. Of Army officers, it appears from the Army Estimates that 
only about 800 receive salaries of less than 160Z., and their aggregate is 
92,000Z. 

Class 4. In the Navy, sub-lieutenants, mates, cadets, clerks, and 
some others receive less than 360Z. There are in all 1,476 of these, with 
an aggregate income of 115,000Z. In both these cases it is reasonable to 
assume that retired officers have incomes above 160Z. 

Class 5. Clergy. — Vie have information in considerable detail as to 
many denominations, but it is not necessary to go into these minutely 
in view of the smallness of the aggregate non-taxpaying income. In the 
Established Church in England and Wales the net income is less than 
160Z. in about 4,000 benefices, and more in the remaining 10,000. The 
average salary of 7,200 assistant clergy is estimated to be slightly less 
than 160Z. There are some 4,000 clergy, also, not attached to parishes. 
Of course, many of the clergy with the smaller benefices have indepen- 
dent means. The number we adopt is 7,000 ±2,000 . at 320/.±80Z. 

1 The table which shows the estliqates i^dopted le on |)age 19& 
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Ministers of other denominations number about 12,000, of whom we 
estimate that 7,500±2,000 are not subject to income-tax, and average 
120J.±20Z. 

In Scotland there are some 6,000 ministers, of whom about 1,800 
belong to the Established Church and 2,000 to the United Free Church. 
The great majority of the former and over 80 per cent, of the latter have 
incoi^es over 160Z., and so far as we have details of otlier denominations 
it appears that similar statements would apply to them. We estimate 
that there are 1,500 d: 500 clergy with inegmes IIGL d: 201. below the 
income-tax limit. We have very littio information as regards the salaries 
or receipts in Ireland, where there are some 3,500 Roman Catholic 
priests (of whom 1,100 are parish priest's) and 2,500 ministers of other 
denominations. The greatest possible estimate, if all these were receiv- 
ing exactly 160Z., would bo 960,000i., and the sum we need must bo 
between this and nothing. It seems reasonable to take 3,000 ± 2,000 at 
llOZ. ± 301. The clergy in the United Kingdom tlien are estimated to 
contribute about 2,500,000J. to our total, and it is unlikely that it can 
be as much as 3,500,000J., or as liille as 1,500, OOOL 

Class oa contains monks, nurses, sisters, itinerant preachers, many 
of whom have no definite income. We include an estimate in the table 
which indicates that the aggregate is quite small. 

Class 6. Lawyers . — In this and some of the following classes 
some assistance is afforded by the distribution by age given in the census. 
Though, of course, different persons going through a professional career 
arrive at an income of 160h at different ages, yet there must be an average 
age at or near which a considerable proportion of such persons obtain an 
income of 160Z., and so far as we can assign this average wo can assign 
the number who have less than 160Z. In the case of barristers and 
•solicitors w’e take this age to be twenty-eight years, with margin of two 
years, and obtain 2,000 persons ± 1,000 persons not paying tax. Wo 
have no knowledge as to their income, but may put it as lOOZ. dz 001. 
The total amount is small. 

Class 7. Law Clerks . — We put the age * at thirty years, with a 
margin of about four years. This gives us 30,000:1:4,000. Since 10,000 
of these are under twenty, and the average income is therefore small, and 
somewhat smaller than in the Government service, where there are rela- 
tively fewer lads, we may take the income as 80Z. ±30Z. 

Class 8. — Under this heading are included those classes of profes- 
sional men, other than lawyers, who go througli a definite course of pre- 
2)aration. There jfe very few under twentymo given in the census. If wo 
may assume that the average age for first paying income-tax is between 
twenty-five and thirty years, we should find 19,000 di 6,000 not paying, 
and we may perhaps take their income as averaging 120Z.± 30Z. 

Class 9. Teachers . — ^As regards the teachers in public elementary 
scliools in England, the returns of the Board of Education for 1908-09 
give in great detail the numbers and, except in the case of supplementary, 
provisional, and pupil teachers, the salaries. We have collected more 
detailed statistics from the secretaries of the Education Committees of 
fifteen counties and forty-two of the larger boroughs in England and 
Wales, The proportion between men and women in our collection iq 
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very nearly the same as in the more comprehensive official statistics, 
and if we assume, as we are justified in doing, that supplementary, 
provisional, and pupil teachers receive less than 160Z., the proportion 
of those earning over 160Z. is nearly the same in both sets of statistics 
both for men afid for women. We are therefore justified in using the 
average of the figures we have found for those earning less than 160Z. 
Our conclusion is that of the teachers in the public elementary schools 
of England and Wales 7,000 men and 2,000 women receive more than 
IGOZ., while 30,000 men and 123,000 women receive less than IGOL, 
the averages for these being 100/. and 76/. 

As regards Scotland, we have detailed information only for Glasgow, 
h^dinbiirgh, Aberdeen, Inverness, Ayr, and Dundee. We have also some 
official statistics as to salaries and details as to numbers which throw 
liglit on the question, and can be used in conjunction with the statistics 
for these boroughs ; but we have to discount them to some extent for the 
probably lower salaries in the country districts and smaller places. The 
salaries in Scotland, especially for men, appearto be considerably higher 
than in England. It appears that there are about 1,500 men in the 
elementary schools earning over IGO/., and 4,500 others, the latter 
averaging about 120/. Very few of the women receive more than 160/., 
while about 14,000 average 70/. 

For Ireland we have detailed information in the official report (Cd. 
3609) relating to 1906, from which it appe.ars that only a negligible 
number of men and women receive over 160/. in the nattonal schools, 
while 6,000 men and 7,000 women receive less, the average of men and 
women together being nearly 100/. For compilation we take it that the 
men average 1 20/. and the women 80/. 

Putting these figures together for the United Kingdom, we find that 
in the elementary schools about 9,000 men and 2,000 women receive, 
over 160/., and 41 ,000 men and 144,000 women less, the averages being 
105/. and 75/. We enter these in our table as a separate class. 

There remain 30,000 men and 76,000 women teachers in schools other 
than elementary, whom w’^put in Class 9a. We have a little information 
about these, but it is not sufficient to give an exact result. We find, as 
we might expect, that the proportion both of men and of women iu 
secondary and higher education earning over 160/. will be considerably 
greater than in primary education, except that allowance should be made 
for a large number of governesses receiving small stipends. In elementary 
education one man in five recaives over 160/. We are of opinion that 
in higher education one man in two or one in three passes this limit, and 
that the remaining 15,000 to 20,000 average 120/. As regards the women 
wo estimate from such returns as to graduate teachers, &c., as exist, 
that four per cent, in higher education, as against one and a half per 
cent, in elementary, receive o\'er 160/., but that of the remaining 75,000 
very many receive quite small salaries, averaging less than in the 
elementary schools, and we will take the average at 60/. 

As to Classes 10 and 11 we have no information, and even the defi- 
nitions are doubtful. Class 10 contains those engaged in literary and 
scientific pursuits and artists, and may be estimated to include about 
30,000 persons in 1909. Class 11 contains photographers, musicians, 
and actors, and may be estimated to include 46,000 males and 41,000 
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females in 1909. We may perhaps assume that in both cases the 
amount of 1601 . is reached by men on an average between twenty -five 
and thirty-five years of age, and tliat the great majority of the women 
in Class 10 receive less than 160Z. This gives 11, 000± 3,000 in 
Class 10, and we will put their* average at 1001. dzWl. Similarly 
we get in Class 11, for the men 20,000 ±8,000, with an average of 
901. ±40Z., and for the women and girls 39,000±2,000, with an average 
of 701. ± SOI. 

Class 11a includes showmen and others, some of whom are not 
manual workers employed by others, and we give a rough estimate in 
the table, p. 195. 

Class 12. — ^This small class of 9,000 merchants may be taken as 
contributing nothing appreciable to our intermediate group. 

Class 13. — Brokers . — Among brokers, auctioneers, and accountants, 
when clerks are excluded, there can be little doubt that the majority 
pay income-tax. It will probably be safe to take the age correspond- 
ing to such payment as thirty years, with a wide margin, and so 
obtain 13,000 ± 6,000 men at an income of 120Z. ±30Z., there being 
relatively few under twenty years old; we have also to include 2,000 
women. 

Class 14. Commercial travellers and salesmen . — ^From informa- 
tion received from the United Kingdom Commercial Travellers* Associa- 
tion and from the Commercial Travellers* Benevolent Institution, it 
appears that* there are from 30,000 to 50,000 men who satisfy the 
definition of ‘ a person engaged in representing a manufacturer, 
merchant, or wholesale house for the purpose of securing orders.* Of 
these it is supposed that about 75 per cent, make over 1601. There 
remain from 60,000 to 40,000 other persons included in the census as 
travellers. These are probably engaged in canvassing for retail firms, 
and for other subordinate purposes, and it is probable that the great 
majority make well under 160Z. We may expect that there are from 

30.000 to 50,000 in all who make over 160Z. , but in view of the uncertainty 
as to tlrs denomination we had better take the margin as ±: 15,000, 
while the number is taken as 52,000. As regards the average income 
it must be remembered that a very great majority of these are over 
twenty years, and are in a position superior to that of a shop assistant. 
We may therefore take their income as lOOZ.rh 30Z. 

In Class 15, officers of societies and companies, we will take it that 
the great majority have an income-taxpaying income. 

Class 16. Commercial and industrial clerks . — ^We have returns 
which are given in some detail in the tables on pages 186 and 187, from 
102 firms carrying on a great variety of businesses scattered throughout 
the kingdom, and of very different sizes. These firms employ about 

16.000 male clerks, and about 2,600 girls and women. This 
number of clerks, and still more the number of firms, seem at first 
sight ridiculously inadequate for our purposes, in view of the facts 
that there are over 300,000 employers in our Class 25, a large 
proportion of whom presumably employ one or more clerks, and 
there are 480,000 persons to be accounted for under the heading. 
But it often happens that quite a small sample is sufficient 
to give a measurement, which, though not exact, at any rate has 
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a precision which can be assigned. In the schedules which were filled 
up, the employers — except m the case of companies — included them- 
selves as making over 1601., but it seems better to adjust the schedules 
by subtracting 1 in every case from those receiving over 1601. , and 
then treat them as relating only to Clerks and other subordinates. In 
the small firms this is generally accurate, and in large ones it makes 
practically no difPerence'to the further argument. When this is done, 
the proportion of those receiving over 1601. to the total number em- 
ployed is written down in each of the 102 classes. The result is given 
in the table, p. 189. It now appears that the grouping of these pro- 
portions shows the kind of regularity which is to be expected when 
samples are taken at random from a definite group. Instances, in fact, 
as shown in the table, agree fairly closely with the distribution shown 
by the normal curve of error. Looked at from this point of view it 
appears that from 1 in 5 to 1 in 3, on an average, of clerks in this 
class may be expected to receive over 1601. Noticing that in the larger 
firms the proportion is on the whole smaller, and that when all the 
firms for which we have returns are massed together the proportion 
falls to 0“21, and aiming at a weighted average since the larger 
firms have greater importance, we come to the conclusion that 
the proportion is probably between 1 in 4 and 1 in 5, i.e., between 
0*20 and 0*25. We will widen this margin for safety and say, then, 
that 0*23 ± 0*06 of male clerks and similar employes pag income-tax, 
and that therefore 0*77 ± 0*06 of 406,000 (the whole number in this 
class), i.e., 312,000 ± 24,000, are below the income-tax limit. The 
average income for those for whom we have returns is 781., and we 
assign the margin ± 101. 

As regards women, the proportion to men in our returns is nearly 
tlie same as shown by the census. The number who pay income-tax 
is very small, the average income shown is 451. We therefore adopt 
the number 81,000 at 451. ± 101. 

As will be seen from the detailed table, it >vould be possible to make 
a carefully weighted average allowing different importance to the 
different occupations, but after careful consideration it is considered 
that no greater accuracy would be obtained. Of our 102 returns 27, 21, 
and 14 are from the neighbourhoods of Manchester, Birmingham, and 
London respectively, 10 from the rest of England and Wales, 21 are 
from Ireland, and 9 from Scotland. London is represented rather in 
Classes 17 and 18. 

17. Balnk Clerks. — ^Thanks to the Central Association of Bankers 
we have obtained detailed information as to about 30 per cent, of the 
bank clerks of England and Wales. For Scotland we have information 
as to about 80 per cent., and for Ireland we have a less detailed state- 
ment, which is stated on good authority to be typical for the country, 
and which simply gives the proportions of clerks who receive over 160/. , 
from lOOZ. to 160Z., and less than lOOZ. The details, which are sum- 
marised on p. 188, are highly confidential, and w^e cannot go into them. 
They result in the following numbers, which may be regarded as being 
accurate within the limits stated: 24,000 d: 1,000 at 89Z. d; 61. This 
corresponds to the receipt of an income of 1601. at the age of thirty-two 
years on an average. 
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Details as to Finns employing Clerks — continued* 
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Class 18. Insyirance Clerks . — ^We have detailed information, wliicli 
is summarised on p* 188, as to about 10 per cent, of these. Though 
this is a considei^le proportion, yet it has not led to results of great pre- 
cision, beoausA ond or two large companies which have made returns 
show resold *'divst:gent trom the smaller ones. We adopt for otii 
number 14,O0O±A0OO at B7l±6l 
Class 18. have no infbi1Kiat!(m>^'«Lto tlii<^ 

otass, except that they arSf not paid. Of 

course, th^ ^ commissions. We take it that rather 

more than Mil in f$A%j the number required equals 

the nupibe]^ of* "'{t results that 19,000 ± 

5,000 come witlUn tlt^ non«^ing elhss, the largeness of the margin 
corresponding to the mht W mformation. We may put the earnings 
at lOOJ. ± SOI 
1910. 


o 
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L^l). do not. presume to dot erniine precisely ilie 

average income of fai'iners, a task wliich has always piovcd beyond 
the powers of statisticians, but it is necessary to make some estimate 
to fit in to our general scheme. After the ^ Commission on Agricultural 
Depression in .1894, where evidence w,as given which showed that 
fanners* profits avei'aged about 26 percent, of their rent, it was decided 
tluit profits should be assumed to be oii^-third of rent. We do not feel 
justified in taking this assunipiion as representing the average, partly 
because fewer I linn iliree hundred farmers choose the alternative of 
assessment under Scliodule D, depending on their actual profits, and we 
oidy use it for estimating the relatively small number of farmers paying 
income-tax, and as a chock on further estimates. 

In the I'vcports of the Income Tax Oormnissioners relating to 
Schedule B wo find tlie aggregate of fanners’ incomes, which, reckoned 
at one lliird of rent, are over 160Z., and an aggregate of the rest of 
fanners’ income assessed, hut exempted from tax. The first aggregate was 
ri.OOOjOOOZ. for Great Britain in 1007-08, corresponding to 15,()00,000L 
rent. Besides tliesc figures we have in the return from the Board of 
Agriculture of ISOo (Cd. 8o02) the number of holdings of various sizes 
in that year. Tlu'se two things logetlier lead to an estimate of the 
average rent per acre, for if more than M. per acre is assumed, 
farms of less than 300 acres would pay income-tax, and then the 
acreage of the holdings included wonld show more than 15,000,000/. 
rent. If, on the other hand, les.s than 1/. 12.s'. is assumed the figures 
fail to be consistent in the opposite direction. Of coarse, the rental 
from farms of the same size varies cnorinonsly, but we speak only of 
an average. We tljej’cfore take it tluit the average rent per acre is 
1/. 125 ., as reckoned for income-tax purpo.sos, in spite of the fact that 
tliis is more than was estimated by Mr. Thompson in a paper to the 
Statistical Society in 1907. There were 20,000 holders in Great l^ritain 
of more than 300 acres, and wo will take this to he the number who 
]>ay incorn('-la>:. In the co.se of farmer.^, 'ive arc assuming that there 
lias been jk) increase in immliers since 1901. We have then 258.000, 
according' to tlic ctaisus classification, not. p.iying income-tax. This 
correspoiids to the mimher of holdings iuiUvcen ‘iO and 300 acres 
in which ihf^ aggregate is 21 ,70(),()tK) acres and (hc^ average is about 
80 acres. The average ri ntal income 1/. 125. an acre is 128/., tlie aggi e- 
gate 35,000,000/. The arnoimt rcvic .ved by the Commissioners and 
exempted from lax corrosjioTuled to a rental of 20,400,000/., which (on 
the same basi.?) w^ould accrue from the aggregate of holdings between 
50 and 300 acres. Presumably the profits of small holdings are 
not returned by the tax-surveyor. No one will believe that the 
aviirage income of farmers holding 300 acres and under is as little 
a.s 43/., i.e., one-third of the average coiiipnted rentals It is just con- 
ceivable that the cash income may not be much greater, but in such 
a ca.se considerable value of the produce grown is consumed at home 
by llio farmer and his family, who are also pfeyided with a house. We 
shall probably be on safe giround if we tako tfie average income for this 
group a.s 601. ± 30/., that is the average profit per acre is between 
7s. 6d. and 22.?. Gd. The average income does not seem absurdly low 
in view of the fact that 86,000 of the farmers have between 20 and 
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50 acres onl^^ * Perhaps part of the profits from the 2,000,000 acres 
of agricuhurjE^ laid ili'pbldings of from 1 to 20 acres in Great Britain 
should ht added but much belongs to persons 

already included, and forms part of their estimated incomes. 

If we work put the statistics for Ireland on the same basis as for 
Great Britain SO; far as possible, wa find that 690,060h pays income- 
tax, and 2,630,000/. is exempted. There aro 14,7O0;OOO acres culti- 
vated in Irela|id. if the whole of this is reviewed by the tax-surveyors 
this gives IZ. ISa. rent per acre, if some of it is not reviewed it gives 
THore than 1/. j2s; an acre. We will, therefore, make an estimate as 
if the average rent .was IZ, 12s. an acre, as it is in Great Br%in. On 
this assumptiofx 1,200,000 acres, in holdings of 300 acres and over, 
pays tax, and belongs presumably to between 2,000 and 4,000 persons.* 
'Hie remainder, if we adopt the census figures, is held by nearly 
400,000 persons^ and this is nearly equal to the number holding betw^een 
5 and 300 acres, the average size of these holdings being 40 acres, which, 
on the Same basis, is yielding somewhat under 217. a year. But, of 
course, in the small holding of Ireland the peasant lives to a great 
extent on his produce, and we must put aside these numbers as in the 
case of England, and make a pure assumption as to th^’ real earnings ; 
w^e will take it that'tho Irish peasant averages 30/. ±16/. a year, the 
value of produce sold or consumed from his land, f.e., from 7s. 6/7. to 
22s. 6d. per acre. Where the peasant cairies on another occupation 
the sum named will be purely additional to the amount ivceived from ilie 
other occupation, or already accounted for in aiiofhor class. The cases 
where the joint- income is over 1607. may be neglected. ^ 

Class 21. Agricvliural Employers , — These are partly macliitic 
proprietors and the like, but mainly gardeners,' nurserymen, seedsmen 
and flori'^. In the absence of information we will assumo that half of 
this group ^of employers, pays income-tax and the other half does not, 
but has ah income oojiiparable with that of skilled artisans. In any 
ease tho,ag^egate is hot groat. 

OJass 22.' QJ^cars sf the Merchant Navy , — ^From p. 306 of th(' 
General -Report bf the Census of England and ^Y^lles in 1901, details 
are given (Sf* the number and ratings of seamen, who should naturally 
be counted a^s citis^ens of the United Kingdom, but iro absent for the 
most p^ ou fe^hsto day. The persons that come into our class arc the 
niasters, head stewards, and doctors. In the census 

the engin;efe,ra'^{i¥&' not separated from firemen. We assume, in accord- 
ance we have, that the number of engineers 

is slighj^iyr'^aii^r/than of mates, and allowing for the 
increase 40,000 persons in ihis class. We hav(‘ 
only three insturiK' from, shipping companies, one of whicK ^ives 312 
out of the^^hd 111 out of 330, 

and the. third ’fiOomit of In the third case there are a very largo 

nuiTiber of fouirtlj ibfficeri A jad- junior engineers receiving less than 60/., 
and it is very uiilti^ty the'jtfoffbrtion in the merchant service 

* Fewer than 4, under 305 acres ; more than 
2,0U‘), for the official show 1,644 persons as holding more than 000 acres, while 

there arc nearly 6,000 persons in the group next given as holding from 200 to 500 
acres. U 3 
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MS a w'liolc. The first and second returns give nearly the same f)ro- 
j)()rtion and nearly the same average under^fiO?. Adopting these two 
returns as typical, but allowing a wide m,argin because of the third 
return, we will talje it that 30,000 ± 3,000 receive less than 100/. and 
av erage 100/, dt 30/. In this class, of course, food and room afloat is 
j)rovided in addition to salary, but in such cases the value received does 
not rank as income in the definition of the Income Tax Commissioners, 
n7j(J we do not propose to include in our estimate the value of board and 
lodging in this and other classes where it is given in addition to salary, 
though we have included some receipts in kind in the case of farmers 
who produce for themselves. 

Olas^‘23. Railway Clerks . — Wo have been very fortunate in obtain- 
ing information as to 29,300 railway clerks and officials out of about 

83.000 in Great Britain. We have no information as to Ireland. The 
railways from which we have returns in England and Wales will, it is 
believed, give nearly the same distribution and average as all would. 
Ilcturns for Scotland are more complete, including 6,000 clerks and 
officials out of about 9,000. In grouping these together w’e have treated 
Scotland and England separately, and assumed that the Scottish rettirns 
would apidy to Ireland, wlien allowance is made for the different totals 
in the two countries, and then put them together in proportion to 
I lie numbers employed in the three countries. The result is that 

9.000 ±: 2,000 receive over 160/., and 78,000 ±2,000 under, and these 
latter average 82/. ±52. 

Class 24. — Tliis class consists almost entirely of telephone and 
telegraph clerks, otlier than those employed by ilie Post Office. \Vc 
may tak'b it that the run of salaries is somewiiat lower than for com- 
mercial clerks, and as the whole class is small it is not necessary to aim 
at great precision. Our estimate is given In the table on p. 19,5. 

In Classes 25 to 29 we deal with all the manufacturers, shop- 
keepers, and dealers in productive and distributive industry not included 
in the previous classes, and not costermongers.^ The great difficulty 
is the complete lack of information, and also^the doubtfulness of the 
division between persons returning themselves* as employers and those 
returning themselves as working on their own account. In view of the 
number of commercial clerks which w’e have already dealt with it seems 
quite certaiil either that the number of employers is inflated, or that 
many employers are on so small a scale that they do not employ a 
single clerk. 

Class 26.— It appears safe to assume that the great majority of 
those working on their own account, of whom some detail. is. given in 
the table on p. 176, are making less than 160/. a year. Thus the manu- 
facturers include a great number of blacksmiths, carpe^tet*s, tailors, and 
bootmakers among the men, and of dressmakers among the women. It 
is safe to assume th^"^ these men are makix^^sometbitig between the 
wages of skilled and unskilled men on an ave^e, and we therefore put 
thern at 80/. ± 20/. Dealing similarly with ^ women, and allowing a 
] irge margin in view of the fact? that a great number of badly paid 
wru kors may he included, we may put the average as between 20/. and 
i}()l. These estimates are sufficient for Qlass 26, 
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Classes 27 .28, Dealers and Employer-shopkeepers . — The 

17.000 dealers may be : taken as paying income-tax. There are loft 

194.000 shopkeepers, includiilg here 5,000 transferred from the Civil 
Service, see p, ISO./ ’ The only information we have bearing on shop- 
keepers is the a^essed ,^alue of residential shops, and the income-tax 
surveyors, of whom we have inquired, maintain that the assessed value 
of a shop has no relation to the income as a shopkeeper, though, in 
fact, the two or three estimates they reluctantly made were practically 
identical. It is assumed in the Income Tax Act that in the case of a 
residential shop one-third of the assessed value should be counted as 
residence; also it is generally assumed tliat rent is from one-eighth to 
one-tenth of income for incomes of about 1501. If we make these 
two assumptions together we find that the assessed value of a resi- 
dential shop, 501., corresponds to an income of 160Z., and it is not 
improbable that the number of blioi»keopers who reside at their shops 
subject to income-tax is equal to tlie number of residential shops 
assessed at 60Z, or more in liondon, and 50L or more in other parts 
of the United Kingdom. In the Fifty-third licport of the Commis- 
sioners of Inland Eevenue, p. 93, we have the necessary particulars, 
except for Ireland; taking the nuin})er for Iix»Jand as equal to that for 
Scotland (738), we find about 80,000 residential shops in the United 
Kingdom above the limits of assessment named. 9'o these we should 
add a small number of noii-residoiitial or ‘ lock-up ’ shops. \Vo 
suggest 80,000 zt 30,000 as tlio number of shopkeepers paying tax. 
There remain about 230,000 assessed at between 20/. and the values 
named. Of these, about 114.0(K) would (from the census figures) 
he employers, and 116,000 on their own account, if all employer-shop- 
keepers had shops assessed at over 20/. There would remain about 

280.000 on their, own account assessed at less tliari 20/. Without 
depending on this assumption, we will take it that tlie employer-shop- 
keepers average between 70/. and 150/., and those on their own account, 
between 40/. and 140/., for the averages are by assumption imder 160/., 
and these people make ajiving, and if in Glass 27 employ others. 

Class 25. — If reference is made to tlie table showing some detail of 
the employers in manufacture, &c., it will be seen that many are iu 
quite ^ small way; in particular, blacksmitlis, those producing clothes 
or fooil, some builders, some engaged on rivers, and some engaged on 
roads (a heading which includes small cab -proprietors), will easily 
account for about 30 per cent, of the whole of the class as not paying 
income, tax. . , We. may. suggest 208,000 ± 60,000 as paying, and 
93,(100^:60,000 as hoVptiying tax, and assign to these latter the same 
income as in:;CIa:8s , 27*1, As regards these very uncertain estimates in 
Classes 26 tp 2^; ii’ must be remembered, as alr0a.dy stated, that we 
know the,t^l:pfcifib^"p^ approximaitely, and it is only 

a question of - the right claves. If we have 
taken too many in -Class .,07 it will follow that we have taken too few 
in Class 26,>iand;to on. Yhe range of income assigned, for those with 
less than 160/., is, it is thought, wide'enough to cover the uncertainty. 

Class 29. — 5/idp have three diffen^nt returns, one 

covering 16,000 shop assistants, with an average of 61/. per annum in 
cash, one from quite a small group of special firms, covering 1,900 
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pMsoiis, witli liiii aA<iag(. ol (ih/ ; ond a tliud -a \ei} mipujlii (oiii- 
pilation kindly handed to us by the Vmanci.il Socntaiy >1 (iu* 
National a\jiialgainalc(l Union ol Shop V^sistants, icl.ilni^ i< > r< 1 
poisons, whose uvora^o cash income is 71/ Jn Ihc (usi at ( tlmil 
< asos soniefehini^ would ha'iii' to l)c added lui aboul pci i it <>1 
tlio assistants in llie one gioup and 10 per* cent, in the oila who 
li\e »n, or h.we meals in, if wo wcio including such jia^nients I rtlu \ 
infonnatioii is given m ‘ Industrial Co-opt i dioii * by Miss 
LdOi, wheie the range of oaiinngs of the biaiu h inanagt js and cc uli r 
men in the Co-operative Tlot ad Distributive Societies aie given in M^nie 
detail lelatiug to over 10,000 cnijiloyes; the data aie not sufficic i ioi 
a perfect calculation of the «iveiage, but it cannot he veiy lar fron (>'^/ 
We have these four dillerent estimates lelaiing to a variety of dislacts 
and trades, and all being coutaiiiod in the limits, 67/ ± IL Never I he- 
less, we think that tins wage is rather higher tJian the one w^e ought to 
adopt for the 900,000 persons in Class 29, since many of thoso arc 
probably engaged at^very low salaries in shops from which no informa- 
tion Was obtained in any of the returns. We therefore prefer to4ake 
as the average annual wage. We have practically no mforma- 
tiun as to the number of shop assistants who receive over 160/., but it is 
ci^aiiily extremely small, and we lake it as about one per cent. 

Class 30. CoslennongeTh , — ^This class includes all kinds of stieci 
hellers and haw^kers. Probably none of them pay income-tax. Wc 
may divide them as lads under twenty, average perhaps 20?- a yeai , 
men of over twenty receiving somewhat more than the wage of unskilh d 
iahoQr„ say, 70?., with a wide margin; and women at 

perhwrm This gives an average o£ about 50/., and wo will lake it 
as 40f. and 701. 

Sirceps (emphyers ). — ^None need be counted as paying 
/ncome-iax, and the averngb may again ho taken as between the wages 
of totally unskilled and of highly skilled labour. We put it at 
701 ±30L 

In the t.ibleron p. 195 the estimates w'o have now made are tabu- 
lated in detail. In the columns I and 2 are giv^ the number of jp0r<ions 
estimated from the census ol iOul raised by 10 per cent, thi’pughout, 
except in the case of fanneis, whose numbers are left unaltered; 
including farmers, an increase of 8 6 pe cent, is allowed^ which about 
the increase of the whole iiopulaiion up to the end of lOC®, Columns 
3 Lud 4 gi\e the number piymg and not paying tax reap^ciively, and 
colmnn 5 the mat gin assigned. Column 6 gives the average ix^orae of 
those not paying, column 7 its margin. Column 8 aggregate 

of the estitnates assumed correct. " ' . ^ 

The total of the numbers we have found is 

900.000, while, if all the margins ore, added tb&iiter atfd fidl taken 

as positive, they amount to 212,000/ l>y the 

tlicory of error, as explained bebWihe about 

75.000, and is aimost entirely dob to wt of CSa^g^Sfl^^tid 27. If 

the estimate of 800,000 incoth#^lfJt We have put 

rather too many in each of these closaos* and thejyiJ&Uld be transfer led 
to the intermediate class. 
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21 

4 

120 

20 

20 

1 

5a. Missionaries, ^ . 

9 

15 

1 0 

21 

2 

40 

20 

10 1 

5 

1 


6. 

I-ISi2gSi 



10. AmfM ^ n . 
IL Pi«>ic|giWkphi»9, Mixsi- 
cii^n9> 

11a. dho'WDCiPil IT f 

12 Moro^anfs • < 

13 Btokcvi^^e. 

14 TrpYi^TS . * 

15. OffieWli. . , , 

16 CloJika . . . 

17. Bankers 

18. In^anoe clerks 
10 In^anoe agents 

20. Fiv^t>tar: 

Cli^at Britain . 

21. AgrietUtmal em- 

ployers 

22. MfSK^ntaerviee 

23. BMltirays . ^ 




80 < 40 


15 100 1 
0 — , 
2i 78 

0 , 45 1 

1 P89 

2 I 87 1 
5 100 


30 ?02 
15 110 


28. im 

20. tm 

30. CM 

31. 






10 

— 9 

— , 4 

19 0 

30 208 


60 ,110 

0 80 


30 110 
0190 
'.fF*? 


^ to the income-tax paying oifiGcrs 

afloat or abroad iii 1801/ perhaps 10,000 to 15,000 for the Army and Navy jointly, 
t Viz., £284,700,000 ±£29,400,000. . , 

i The moduli are compounded by addins squares and taking the square root or 
tbo sum. (100K)’'«c’*H»m 
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It remains to compute the error in the total fioin the cii is in 
the details. Let n stand for the number of non-taxpayers in (‘ach 
class, c for its m^lus— ghen in for the average income 

in £, and k {or its modulus, o ^nd the meaning dis- 

cussed above andl to be regatded as meadulrihg tb^ particular distance 
from the average known as tlie modcilus in nisthenmtical statistics. 

Let A, be tboiBstimato and A the true measurement, and let Ai^ 
A (l-hc)* t 

Let A* be the measurement if Ai was in defect equal to the modulus 

in both its factors, so that A' Ap ^1 + g) 

approximately. Then by the theory of error 


npproxiraatelv, 

and Ai = A -h \^[c^s^ -f approximately s= A 4* K'. 
Then K' is the modulus for the product. 


In the table E is taken as 


1 ! 

100 * 


to correspond with the units used. 


and is worked out for each class and sub-class separately. 

To get the modulus for the aggregate we have by a known principle 
to add the squares of the moduli of the items and take the square root 
of the sum. If C is this final modulus. 


* 0"*=: S{K^)= S(c-s- + A;V)= S(*V)=: 6,300+80,000=86,300 

and C = 294, viz. 29,400,000?. 


The first term is due to the margin (c) m numbers, the second to the 
margin (fc) in income. The second term of itself would give 0 = 283 ; in 
fact, the errors in numbers are not important, and we need not there- 
fore discuss the effect that our approximate knowledge of the total 
number in the grqup has on llie accuracy of the result. 

We thus arrive at the conclusion that the aggregate earned income 
in the intermediate group is 285,000,000/., with modulus 30,000,000/., 
using round numbers. Tins is subject to the definitions and limitations 
of the income dealt witli as stated throughout the Beport, and,is con- 
ditioned by the accuracy of the occupational returns in the census. 

If Classes 20, 25, 26, 27, 28, and 29 are excluded, the margin in 
the aggregate of the remaining classes is small; the result for Classes 
J to 19, 21 to 24, 30, 31 being— 

No. of pers^s 1,263,000, modulus 33,000; aggreg^^te income, 
108,700,000/., modulus 6,7(X),000/. 


Unraunbd Income. 

Estimates for this can only be satisfactorily maS&'by the authorities 
of Somerset House, but we have endeavoured to interpret the tables 
given in the Beports of the Income Tax CommisdionerSj.^ It appears 
that 45,000,0001. under Schedules A, C, and I> is * unearned ' income 
belonging to persons with less than 160/. a yea? frem t;li sources. Of 
this the tax on 18,000,000?. is collected from and repaid to alxmf 

* We have had access to some details not published in the reports, which have 
enabled us to split up the tables ; but the estin^atos based on them are not anthouiatiye. 
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S40,00ap(Hrson9 fhA 6xem])tcd 

peorsoQtr. j*nipia4eV!^ 'Tavv^l^ W^g^S^i>’Vf hera <>ho 
suoi oi lUi^PUin^ w |)6rsCm$, occu- 

pied or ujttoccofaed, who hare letis tifiiMi l!^ a year. In additum 
theie IS a lelatstvely small sum of m}.erests, pensions* fto , i^bich <lo< s 
not Qome under' liie cognjsaioe of the Department, whic^ has been 
estimated as not moie thfin'^6,000,0001 An unknown part of these 
sums, howenrer, belongs to the wsge-cammg chss 

Dstting these estun ites m conjunction with our last, and increasing 
tha modulus to allow for the addition il uncerfamty, w^ reach the con- 
clusum that the intennedKite group coniatv% 4,000,000 to 4,100,0(K) 
pOifSOHS, mlA an ago^n/ate mcome^ iogelhei wtlh a relatwclp gnien 
aviount of "unearned income belonging to the wage^^pterf, froui 
all sources helween 300,000,0001 and 370,000,000f, a ^e$f. The most 
piobahlo esiunate is 335,000 OOOf , and (subject to the dtefi^jtibns ni 
ha\e used) it is distmcilj iiupiobable that the a^^te p Ahtside the 
limits staleil 


Disiridotion or Income by 




It is not possible to distribute the foui million p^raonA|Q our iniei 
mediate class afccordmg to then incomes, for it is (mly m ^raes 1, 2, 
9, 16, 17, 18, and 23 that wc have any mforroatifln, and between 
them rally amount to 19 per cent of tlio whole ilhe taHe on page 197 
shows the diatinbution for these vinous groups and the itrAiglttra result 
when iheigroups leceive import ince according to their jnnmbers. There 
18 nothing improbable in iho distiibution shown, the Im^e p^ent ige 
under 401 shows that we have included in adequate number of hoys and 
gills 


Et COMMT NDA r/ONB 

The \voik would be nioie di finite if the L'Jwur Department, wraking 
results of the census of 191 1 It is greatly to be desired that the Eisli 
census should be harmonised with that of England and* Wales m 
its aub-divistons, and that the diBlmc.tiqn between maltnia-aiid^dealeiB 
and between employers, employed, and those own 

accent ahonld be made, > . * 

■p’or the whole of the TTnited Kingdom ’<tt would ^Sj^t httlttOve. 
ment if detlcs were given, in an additional tabulallti^ to the 

mam oecupatlrais ^ which they were attac^md, ^ ^ dealers 

weie i^p^rated fr^ sbopictopers ^ 

Odiotycadc wOuMbemc " ■ 


with the Oeilsag Office, pub* * 
who might be oon^dared i 
the ceosifll, s 

The Inland Bevtmue Obo 
unpublished and possibly 1 
unfoiluna’ely not repeats i 
hciond showing the amount of Income tated atl 


|/<workmg 
1" persons 
ISfag from 

riufonnalion 

j^ort has 
of tne Fifty 
J as to the nurnheii. 



w c find still o: 
allowed, to' 

It is, 

(letaili 
lower 
and thi 
or iinefti 
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-■ : .’■t' ' -i • J'r./- ^ ■; ■ ■ ■ 

ie /Jd. rate was 



annually. 
"I'j^publisli 
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' Report of the Committee, con^ii^' of 
DwAtD Clbbk and' 

{Joint Secretaries), Frdf^09» Bonb, 
BoiB^JS^i.OAtutNpAB, Coker, Dalby, and DixoUj’Dr. Glaze- 
BROQKi ^Mflssora ^tavel, Smithells, and Watson, Dr. Harkjsb, 
Lieut.*iC)bl[§n^ -SoifiEN, Captain Sankey, Mr. D. L. Chapman, and 
Mir. appointed for the Investigation of Gaseom 

fecial pretence to Temperature. 


AIM'KNDIX. 

A:. 

U. 


PA(?R 

214 

i Oaseoiis Explosion 221 

. ^ . 225 


C, pafpesrs relnting to Sieinens* Furnaas . 

Six ixieetiin^ :bft4?®‘Oominittc^ have been held, one each at the Univer- 
sities and Cambridge, one at the Imperial College 

of Scieneo:ai^,.!ri^nology, and two at 57 Lincoln’s Ian Pields^ by 
the Idadi^cic^^kr.- D Clerk. In accordance with previous prac- 
tice, hotMji^ with their current work have been presented for 
discussi^di^jllQ^mfers of the Committee, ns follows : — 

A. Smilhells and W. A. BoikO- 

ib^oni^taturcs of Gases . . H. B. Dixon. , - ^ . 

i:^jSeDrios of Gases ^ . . Sir W. H..rroocc. 

lid from, Flames . . . . II. L. Callendaif. 

ioo in a' i>aseous Explosion . B. Hopkinson. 


No. 14. 
No. 16,. 
No. 16. 
No. 17.' 
No. 18. i; j 



the 

(1909)yii 
volumejbifel 
of adi ' 
those 
employs 
which, r 
corr 
met 

sion oH 
be 

of furil ^ ^ 
Mr^ pjerif^i^ 


Sion.. 1909-10 the experimental work by members of 
ei ;t 6 " which allusion was made in the Second E.epoi t 
■ ^i^ntiiiued.. Mr. Dugald Clerk ’#ineasiuremehts pf the 
tpf-wit .anjd 00 a at ordinary temperatures by t^ihethotl 
' "essioh have yielded results in. close acedrd^hee with 
The method . of .diYwicm pt heatrloss 
.resiiKs. was. t 6 e same's^. 

^this 
i-npan- 
PIll^ffiBSortly 


tgjfiie^'bh which 


published 




dplction of tho Report. 
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paper on I he radiation in a gaseous explosion, to ^liich inoie paiticular 
lelerciice is made later in this Beport. ^ y 

A series of experiments on the tempelfiktures of ignition of hydrogen 
and oxygen produced by adiabatic compression (according to the sugges- 
tion of Professor Nernst) has been carried out' by Professor 11. 13. 
Dixon. It was found necessary to clieck the descent of the piston 
mechanically when the ‘ ignition point ’ ^as reached, instead of allow- 
ing the flame itself to slop the movement, as in Falk’s* experiments.’ 
With quickly-igniting mixtures, such as electrolytic gas, there is little 
difference between tlie results obtained wilh a freely moving and with 
a checked piston ; but witli slowly igniting mixtures, such as mixtures 
of hydrogen and air and mixtures with a large excess of oxygen or of 
hydrogen, there is a c’on&iderable dilierence between the two methods. 
Thus, while the compression necessary to fire electrolytic gas agrees 
closely with that found by Falk, the addition of oxygen was found 
to lower the ignition-point continuously so far as the experiments wrie 
carried. Using the value of 7 deduced from Joly s experiments, Pio- 
fessor Dixon finds that the ignition-point of electrolytic gas is 667° C., 
which is in close agreement wilh the ignition temperature determined 
by Dixon and Coward last year. 

Professor Dalby is communicating to the Association an account of 
his measurements by means of an orifice of the air-supply to a gas- 
engine. This woik„ \vhile not bearing directly on the matters under 
discussion by the Committee, will be of considerable assistance to those 
who have to experiment on gas-engines and desire to determine the pro- 
portion of air in the charge. Profes‘3or Coker has made, and will 
shortly publish, further measurements of the temperatures in a gas- 
engine cylinder. The Committee hope to be able to discuss Professor 
Coker's experiments at greater length next year. 

The Committee are not aware of any important publications on tlie 
Continent or in America (during the past year) which bear directly on 
their work, though mention should be made of a valuable paper by TIans 
Rohniidtj® dealing willi the radiation from n^Bunsen flame. 

O71 the Badiaiio77 from Gases. 

In the first and, second Beports of the Coinmittoe reference was 
made to the part played by radiation in the cooling of the products of 
an explosion, and to its bearing on the measurements^f volumetric 
and specific heat wnth which ihose Reports were principllly concerned. 
The general question of radiation from heated gases has, however, from 
the point of view of the Cx>mmittee, an interest and importance of its 
own which are suflSclenfc to justify a detailed study^of U in its wider 
aspects/ Radiaibn plays a part comparable with tfiat oP conduction 
m determining the heat-flow gas tp tlie c^in4^ walls in tin* 

gas-engine, and it is this flow <Jf hSat* which Important 

peculiarity o! the gas-engine, and to which are 'the leading 

* * The Ignition Temperatures of K- G, Falk 

[Joum. American Ghm. vol. xxvMi .9 ifo. % 1906.] *?ni 6 Ignition Tempetaiuro-? 
of Gaseous lUixturos,* K. 0. Falk {Jontn. Ain^riaanChm. 8 (k.$ vol. xxix.. No. 2, 19071. 

* Btr, dtr Dcntschen Phf/^. Oes , 1909, p. 87. 
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dm idtiistics of design. Ev^n to Ibo unnislructed eye Iho most 
uh\ious features ab^ut inlernfyi-cOmbusMon engines aio tho 

uiangements cooliiig, greaUsjze and weight for s given 

power which mamly by those arrangefnents. The diiKi- 

( iilties which the d^igner has to meet are due in the mam to the stresses 
set up by the tempjtfture gradients which are necessary to sustain tho 
flow of heat. Ift the present state of the art it is probaJiIe that the most 
impoitant service which science could render to tho gas-engine con- 
sliuctor would bo to establish definitely the piinciples upon whiOh 
cli pends the lieat-flow from hob gases into cold metal with which they 
nc m contact, and thus to eniible him to predict the effect upon heat- 
flow of changes in the teinpeiatuie, density, or composition of the 
dicirge, and in the stale of tho cylinder walls 

The Committee do not propose m this lepoit to deal with the whole 
of this large question, but will confine then attention to one important 
f ictor m heat-flow, namely radiation Tho subject is a wide one, which 
Ills excited much attention among physicists and cheijaists, and on 
scAcial important points agreement has not yet been reached No 
it tempt will, there^gp, be made to do inoic than state shoitly the 
experimental facts, Imd to define tho issues which have been raised 
in legard to tlic explanation of these fact^^i 

Practical Effects of Radiation 

It IS behoved that the first instance in which radiation from a flame 
w IS used m an industrial process, witli knowledge of its importance, 
was the re-gonerati\e glass furnace of Frederick Siemens, which he 
desenbed at the Iron and Steel Iiistitute in 1884 Here the combustible 
gis was burnt m a separate chamber and the hot products of combustion 
w ( le led ijito the fuinacc The objects to be he ited were placed on {he 
llooi of the furnace out of contact with the stream of flame which flowed 
above them. They would therefore receive heat only by radiation, and 
it was supposed that this radiation came in a hige measure from the 
flame. Siemens howevei' was of opinion (in 1884) that the radiation 
w IS due to incandescent particles of carbon, and that there was little 
I idiation from a non-luminous flame ^ 

In 1890 yon Helmholtz measured the radiation fiom a non- 

himinous co4^as flame 6 mm. diameter, and found it to be about 5 per 
cent, of the 4)1 combustion * The radiation from a luminous flame 
was greatef,^^ laot very much greater — ^rising to a maximum of 11^ 
per cent, feff to ' ethylene flame Discussing the Siemena furnace m 
Ihe light of r^Hs, B. yon Helmholtz calculated that radiation 
fiom the flame & the furnace could only account f<^a sm^tt ft^actibn 
of the acldal heat^Jtranflmls$tqij/ He pointed that a 

luge flaiTBl a greater rateHhan a 

small one^ this gaccous radiation 

' Captain SatifcM «)» << p»pw»teWii« to the Siencne’ 

fiiinaces. See ‘ 

^ Die LtehU vnd flobert a on Iblniholt/, 

Berlin, 1890, 
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• 1 j- '•'■‘i’ r Vv «■■;*'' ^ ;'4^vv!';tf-’i. ;*- 

might 

rec^Whed 
high‘'4fim|pf^atMre^ 

small ex^s of in' the'^ 

caujBi0^ir;ipuffid©irt.fl^ 

y]$nt'^0ugh'^% on the ^^ns furnfi 

of Helmholtz show that the idea that .a flakiO/ eyeh: 
might yadiate large amounts of heat was; 4. famrliaar oni 
ty^nty years ago, its possible importance in Cauaihg‘.idjE^- 
and after a. gasooiis explosion and in determining.^ja^;^ 
.g$e^^ghie''t!oes not appear to have been appreoiated^j^ " 

Pk>fessor Oalleiidar was probably the first' to draw; ap 
niGcahcii© ■ in this connection. In the discussion";:^ 
explosions, read before the Royal Society in 190®/ 
had fotind' a ngn-luniinouaii Bunsen flame to radiafe * 
of itft> heat c^- combustion, and expressed the -c 
frbdi; iSis cause in a closed-vessel explosion woul^- 

Professor Callendiir’s note dealing witli this^ mrij^.^.. 

in Appendix A*, and it is only necessary td‘ stat€i''her^!^jhiei^^^^ was 
led to study the subject by liis work on the 
motor.. ■ , ... ■■ 

There «orc, in fact, several points about the 
which suggest the ini]X)) larice of radiation as* a dixiBpg^geii.t; Tlio 
particular matter wliich attracted Oallendar*8 ait^hfibd' 
of' speed on thermal ejfTjciency. 


jvi^ffoct 

TIis experiments shoy^j4S^^a^§art of 
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mation, be represented by an expression of 

is tho number of revolutions per minuto and « 

•The. term A represents a constant loss of. 
among the many causes contributing to this con^S^ifc Ib&s 4 ^ 
tion from, the flame is probably important. y .v..;y. .■■ flvSa 

. Another phenomenon wJiich is 
result .radiation, is tlie effect of bLrgij 
®Ke J^ltowiftg table shows some 
HopS^i^. upon a 40-h.p. gas-engine 
■ . ■ ' 

Pc'rpen^^ pf g4« ju' tsyUnder contents * ■ - 

increasefr''^'"””'' ' 
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Pror. I Wit. A^tciimiU 
” Proc. hmt. (J.K., vol. cIxxvFL ( 1009)1 
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HEFOBTS ON THB 8TATB Otf SOlENOfi. 

(xom those at a d^th withm it* TbH fuitlier dealt wiiii 

m another eeotipn of the teporl. is that the 

of the gas IS slower iri a large fiame ^ small one The 

radiation originates in the vibration of Uie <SD^ and steam molecules, 
and the life of one of these molecules a radfeting body extends 
Iroih the monient of its formation to the time when ^ vibrational energy 
has been destroyed by radiation and by collision with colder molecules, 
such as those of the air surrounding the flame. The smaller the flame 
the more rapid will bo tJio extinction of tho vibrations, and the loss, 
iheiefore, tlie total amount of radiation per molecule. The products 
o£ explclsion in a closed vessel or in a gas-engino differ considerably m 
this respect f^oni any open flame, however large, which it is jwssible 
to produce, for they are not subject to cooling by mixture with the 
outside air. Moreover, the density of the gas is very much greater. 

Callendar has repeated some ot Helmholtz’s experiments on a larger 
scale, and has found that the radiation in a non-lummous coal-gas flame 
30 mm. in diameter may amount to 15 per cent, of the whole Jieat ot 
combustion. Fnrtlier rcfeience will be made to Callendar work under 
llio heading of ‘ transparency. * ^ 

Tlopkinson has recently made measurements of the radiation emittecl 
in the course of an exjflosion in a closed vessel and in the subsequent 
(‘ooliug. A bolometer made of blackened platinum strip was placed out- 
side a window of fluorite in the walls of the explosion vessel. The elec- 
trical resistance of this bolometer was recorded by means of a reflecting 
galvanometer throwing a spot of light on a revolving drum, and an 
optical indicator traced siiuullaneously a record of the pressure 6n the 
same drum. He found that the total heat radiated during and after 
an explosion of a 15 per cent, mixture of coal-gas and air amounted 
to over 22 per cent, of the whole heat of combustion. The radia- 
tion which had been leceived at the moment of maximum pressure 
amounted to 3 per ceni., and it continued, though at a diminishing 
rate, for a long period. Eadiation was still perceptible half a second 
after maximum pressure*, when the gar-iemperature had fallen 
to 1000<? 0.1 

Nature ami Origin of the Radiation from Flanw, 

In the gas-engine cylinder and in explosion experiments we are 
usually concerned with flames in which there is some excess of air. 
A mixture of similar composition burnt at atmospheric pressure would 
give an almost non-luminous flame; in the gas-engine thtoe is more 
luminosity on account of the greater density. There >1s, however, no 
reason to suppose that the radiation in th& gas-engine cylinder differs 
materially as regards its quality or origin from th?it OJrfllteil ty an open 
flame. ^ 

A very complete analysis df m kinds of 

flame was made by 'Julius, and exper#onts that the 

ladiation is almost wholly due to the and stjfeSuPmolecules. lie 

* P;oc Po,/ Soc, A., vol. Ixxxiv, (101(1), p* W. See also Appendix B to ihi^ 

K [».* t (p 221) 



205 




t!xamia6<l 
and he 
most of 



^att pnsm, 
a&4 steam 
tl^o vravo 
Jjaa^turdAhydrogcn 

flame e<^pleteiy, bo^the o^er i and 

in the 2*8 band disa|>pears» the other^ remaining. 

These reimmm mj^pandent of the nature of the combustible ^as, 
the solely on the products of combustion.*^ 

A cc^flmatio^^ of me statement that the radiation from theSe flames 
originates in^thiE^ CO» and H^O molecules only was furnished in the 
course of th4 work by B. von Helmholtz, to which reference has been 
made abotb^ ^ Se messijred the amount of radiation per litre of gas 
consumed, emitted by Thames of given sizo burning respectively 
hydrogen, carbon monoxide, and certain compound gases, Such as 
methane, giving both OOl and steam. The supply of air was adjusted 
m each case SO that the flame was just non-luminous. His results are 
best given in his own words, but it should be stated tliat he worked 
With a small flame about 6 mm, diameter and measured the radiation 
with a bolometes, taking the steady change of its resistance as a measure 
of the amount of radiation falling upon it : — 

' According to the experiments of Julius dcsciibed in the first 
chapter, thO quality of the radiation of flames depends only on the 
nature of the burnt and not on that of the burning gases. It is relevant 
to inquire whether the quanUiy of radiation is also de^ndent on the 
mass of the products of combustion I have calculated in the second 
and third colons below how many lities of H^O and CO 2 , 1’espectively, 
arise themtioally from each htie of combustible gas. 1 then assume 
that for every of water produced as much radiation is sent out 
as corresponds to the radiating power of a hydrogen flame — for this 
gas yields one litre of H^O per litie of combustible — and that in a 
corresponding way the radiation from one litre of cai borne acid would 
bo determiniM by the radiating power of the carbonic oxide flame, and 
i can then calculate the icadiation from the non-luminous Acmes of 
methane, ethylene and coal-gas. 
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1 4^^)itre of gravity of tho 
jou as exists m the case bl the MasiMcu 


„ ^^Jou as exists m the case bl the tfMQsijlanal 
li^l^ey are really ot this character. Ths^insy 
elect! ioal phenomeua, at any rata ib wart, 
moat take its origin in this inte^il si^on, 
jia^>ii^ioa as gives use to ladiatioo must ho pf a 
MiVe a frequency equal to that of the rad&^kni 
ISfe^b^ttVement to call the whole encigy which is internal 
energy,' and that part of it which |pflt$ rise 
‘ Vibrational energy ’ The vibrational enwgy 
}^'l)p'aue to high-frequency vibrations within the mole- 
^e atomic energy as duo to slower movements— 
* aJs^of the molecule as a whole — which do nofpBoduce 
tiln the aetW. This remaining energy may conveniently 
it Being understood that the motion to which it 
necessarily a physical rotation, but is some htteriia! 
no external physical effects, 
is in a steady state the vaiious kinds ot energy 
te^jatipS to one another, dependent on the temperature 
may be expected, however, that after any suddhp 
i^^ture or pmssure the gas '.will not at oiu» reach ^ 
' corresponding to the new couchi^ns. '35'or 

ift the rapid compression of a gas the work done 
{pt^easing the translational energy. If in such 
laK arrested, and if there be no loss of heafc< this 

lip he found in excess; and a certain time, though 
will elapse before the excess is tra^mmed 


the 
same at tfte 
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instance combustion or by cpui|>tossJp|i‘; tho assumption tluii tliis 
is the cas&% inV&lved in any as ,a definite 

physical quantity. The pressure intirgym^B fihal equiUbrium 

is certainly shared equally between thei diwI'ent’ kin^Js' but 
the atomic energy is not necessarily equally shareid. It is ifnpwn, for 
example, that the steam molecules, after axi explosidn of llydrcgen and 
air, carry, on the average, more energy than the nitrogen jpolecules, 
though the pressure’ energy is the same. ^ ^v; ■ 

The process of attaining equilibrium after an explosidh, 'WhicH has 
just been described, would (if heat loss were arrested) result in a 
rise of temperature, and in the ordinary case of rapid cooling it would 
retard the cooling. It would, therefore, be indistinguishable as regards 
pressure or temperature effects from continued combustion or after- 
burning. 

Stated in terms of the molecular theory, the first question as to 
which there is difference of opinion is whether the radiation from a 
flame arises from gas which is in equilibrium or whether it. comes from 
inolectdes which still possess a larger share than they will ultimately 
(in the equilibrium state) be entitled to, of the atomic energy whicli 
resulted from their formation. If the products of combustion of a non- 
luminPus Bunsen flame were heated — say, by passing through a hot 
tube — to the average temperature of the flame, would they emit 
substantially the same amount of radiation? In order to clear the 
ground for the discussion of this question it will be convenient, first, 
to state two or three points about which there will probably be general 
ugreementr First, there is here no question of the origin of luminosity, 
for the luminous part of the radiation from the flame possesses practi- 
cally no energy. Secondly, the radiation, whether in the heated gas or 
in the flame, arises almost entirely from the compound constituents 
CO3 and H3O; in neither case does any come from the mplecules of 
nitrogen or of excess oxygen. And, thirdly, the powerful absorption of 
cold CO2 for the radiation from a CO flame, and of waiter vapour for 
that from a hydrogen flame, will probably lead all to admit that these 
gases W'hen heated will emit some radiation of the same type. The 
only question is, how much? 1 

R. von Helmholtz was of opinion that the radiation in a flame comes 
niainlj^i;^’froin molecules \vluch hi\e just been formed, and which are 
therefpre still in a state of \igoious v 'nation. Pnngsheitn, Smilhells, 
and 0t|jiers take the same view. Ihis is practically equivalent to saying 
that ifiis radiation, like the radiation of higher frequency which gives 
luminosity, is'(^ to chemical action and not to purely thermal causes. 
On the ;pf:her hand, Paschen and some others have maintained that 
the radiation from a flame is purely thermal, or that it arisen from gas 
\vhich the normal or equilibrium state and is substaniially 

the sami^as wwld be emitted, it the nrnduota of combustioii 

were hjEatW..?;-''’;/- v\, ^ 

It wfll reahfly the dilference the two opinions 

really turns pn:^the;i5(uestton of the time token ^as which is not 
initially in, oi* has-b^h^'^d^^ the equhiferium slate <0 attain 

tliat state. All wdll concede that the CO3 or steam molecule will 
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iMdidLe Jiiore ppwcrfuUy iu3fe after ite formation than at any ollin 
time. If, as % Helm^olfcas oonteijdedr tjbiO greater part of the 
radiation which. out* in the course of Us life is to he ascribed 
to this early j^Hoa of its history, we must supj^se that that period 
is sufficiently extended to give ti^pe for the emission of a considerable 
amount of energy, with a rate of radiation whicj^ though greater than 
that of the gas in its ultimate equilibrium state, is at least of the same 
order of ma^itude. In other words, we must suppose that the process 
which may indifferently be called attainment of equilibrium, or con- 
tinued chemical action, must go on in the gases as they pass through 
the flame for a time of the order perhaps of of a second. For if 
it be supposed that equilibrium is reached in an excessively short time, 
say in YiAyu aacond or less, then the radiation, if ascribed to that 
short period, must be supposed to be of corresponding intensity — 
there must be a sudden and violent flow of energy by radiation just 
while combustion is going on, and very little radiation after it is coni- 
])lete. This is^ howevei*, negatived by the bolometer measurements 
made during an explosion, which show that radiation goes on for soine- 
Ihing like half a second after niaximum pressuie (see Appendix B). 
Those who hold tliat the radiation emitted by COg and steam is mainly 
due to continued combustion must be preparedf to admit that such 
combustion goes on for a long period after the attainment of maximum 
pressure in an explosion. The issue involved here is, in fact, the same 
as that in the controversy about ‘ after-burning. ’ ^ 

The principal argument advanced by E, von Helmholtz in support 
of his view is the experimental fact discovered by him that the radiation 
of a flame is diminished by heating the gas and air before they enter 
the burner, in spite of the fact that the tempeuituro of the flame must 
be raised. This he explains by the acceleration of the approach to the 
state of equilibrium which would bo bi ought about by the more frequent 
collisions between the newly foimed compound molccales and their 
iieighboutrs. 

The question of the velocity wnth which a gas approaches Hs normal 
state after a' J -tuibancc has been imicli discussed m connection with, 
the kinetic theory. Immediately after an explosion w'e have an extreme 
case of sucli a disturbance, the atomic energy being, at any point which 
the flame^ha$ just reached, in consideiablo excess. The transformation 
of this eis^rgy into the pressure foim will piocoed at a rate diminishing 
witK th^/amottnt remaining to be transformed and, in the final stages 
of the process events, proper Uonal ihereio. The slowness of 

approach ito the* state of equilibrium may be measured by the time 
required^jr.'&eiijted^bfiQntof the untransformed energy in any specifie<i 

ratio, ti is tdke^i as this ratio, and following Maxwell, the 

eoiresp<»|(^||gj^^^ or relaxation.' ^slimalts 

of this this* Itinoiic theory offgases, may be made m 

various to the nature of Hit* 

action must be regarded as little nmic 

tnm speculation/'' « wSJt he W'ell, however, to indicate I he gcnei\I 
clinictei of the arguments on w'fiich the} aic hiscd By methods 
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which need uob be coHdidered in4etdU 19 i^ible to calculate 

tlie number of colKslous with its neighfetjU^lch t^Vtarag© molecule 
undergoes per second. This ealpolatio^ Tarious 

ways, bbw on difierent kinds of data, same 

)osuU, at sny rate as regards order mole- 

cule of air at normal j^perature ana preseauira cdlndel^:^<^ainarage 
3 X 10® times per second with other molecules. At ev^ iMd^iCn the 
energy distribution in the colliding ipulfeculea is both 

as regards the manner in which it is shared between ^c"*H^aud tlie 
relative proportions due to vibration and translation It is 

argued tliai after evei^ molecule has suffered a few thousfitrjd COlfiaions, 
which will happen in a inilJionth of a second, the gas mhfit reached 
a Htead> average state This uigument would, howevcr|"BC}» upset if 
the interchange of energy as between Mbration and trajislattoji^ ttt each 
collision weie sufficiently small It is onl}' nccessaiy to suppose that 
a vibrating molecule loses less than one thousand millionth psH of its 
vibratory eneigy at each collision, to raise the time of rela:^on to 
something of the order of a second Any objection to lids |HBpposition 
must be founded on some liypotlicsis, which cannot be 
entUely speculatne, as to the mechanism of a*eollision. The Mnetic 
theoiy, iherefoio, can gi\c no information about the absolute Value of 
the time of relaxal’on, lliougli it provides valuable sugge$ta<W( as to 
the way in wliich that time is affected by the temperature end density 
of the g|s, ^ 

Theif is plenty of physical evidence, however, that in ordinary 
circumstances the time of relaxation is excessively sb^* The 
phenomenon of the piopag.ition of sound shows that CQinpr^9rdn$ and 
rarefactions of atmospheric air may take place many thousands 0/ times 
in a second without the gas departing appreciably at aiiy"l!rti™t from 
the state of equilibuum. The expciiments of Tyndall, bi TOioh an 
intermittent beam of radiant energy directed througb gas caused 
variations of pressure sufficiently rapid to give soumj^, bbow lhat the 
transformation of vibrational into pressure energy un^r the eonditions 
of Ills experiments is a process far more rapid than any wltix which 
\ve are accustomed to de,il m tlie gas-engine or in the btud/'*^of j&acous 
explosions. >^Tlie departure from equilibrfiyji Which 
tion is, however, of a special kind, and it may be th^it flower 

in recovering from it than when the distu#‘bance is by 

the propagation of sound at ordinary temperatores. v 


1 

TraHspuT^y. 

Th« i^adkUo& hot ga« Is coiia^lic&jied by 'S 
is to a tfffi^^rabjie extent to 

radiati<« 'knitted,' lb«ref<a«,’ tho jra 


ofasoiid'b^^ 

IS important macb. thS,pou)Lt 
dt^nds. or mav the 


depends, or may 'de^i^,'' 

engines or explosion vcsaels of diSo^^rw^. 
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The hy enue expeumcnts 

which ho 8ho\^ed to 

the girec. t 

‘ BoUd * a^ yUto -ll^i cOn^l W (aeai^^l^ of a Fery 

uvromet «1|l| fl p ^^ £, aryh»oh^yte8'~a meaeureoTuiAX^’eliQn tr.uis 

interesting thei|MQg.{nrd having ite vertex 
at thi& M^i P^fe4jW^^ {abft fig. J.}. CaUendar prope$ee to ^ve tiio 

^ ^ radiation oi a fiatne measured ih this 
way^ mEmiS ,m* dbe solid angle of the cone When a secsidL Moular 
flame si^™g»i^4>eiuu4'Uie first in the line of sight, it was found that 
the reedSof tSSdhd b]^ the pyrometer was considerdhly iocrsBed, but 
not doubISf first nanle appeared to be partly, but not oomi>letely, 
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but not in proportion to the volume ot the flame. The radiation from 
very large flames would tend k» b^md nf to.ihe surface, but 
no certain inierence as to the diamotei' ox St^e {or whlel^is would be 
substantially true pan be drawn from Oallendar’S experiitfenta, because 
he was looking along a thin row of flames in which* was but little 
lateral extension. ^ 

The flames met with in a gas-engine cylinder or in explosion Vessels 
differ from open flames such as can readily be produced in the labora- 
tory, both in respect of the lateral extension which has just been 
mentioned, and also in respect of density. In both these particulars the 
difference's rather great, the least dimension of the mass of flame in 
a gas-engine cylinder being only in the smallest sizes comparable with 
the diameter of the Moker burner flame, while the density of the gas 
just after firing in the gas-engine is from twenty to thirty^ifli^S that of 
the burner fiame gases. It does not seem possible from theoretical 
considerations to determine the effect of these two factors with suffi- 
cient accuracy to enable any quantitative inference as to radiation in 
the gas-ongine to be drawn from laboratory experiments on flames, but 
it is useful to discuss their probable qualitative effects. 

In fig. 1, p IS the point of observation at which the pyrometer is 
placed, as in Callendar’s experiments, and the portion oi the flame 
from which the radiation is measured that intercepted by the small 
cone. If a second similar fiame b is placed behind a at a considerable 
distance but so that it is intersected by the cone, then the radiation 
recorded by the pyrometer will be increased, say, by CO per cent., 
showing that of the radiation emitted by b and falling on a 60 per cent, 
is absorbed and the remainder is transmitted to the pyrometer. The 
absorbed energy is of coiipso not lost, but must result in slightly in- 
creased radiation from a in all*directions. The flame a appears to be 
a little hotter because of the proximity of b. Thus the increaad of radia- 
tion absorbed at the pyrometer is due not only to the radiation trans- 
mitted from B but also to an inciease in the inbinsic radiance of a. If 
the two flames are a considoi able distance apart, the latter part is negli- 
gibly small, since the flame a docs not then receive much radiation 
frdfe B, and what it does receive is dissipated in every direction. But 
when flame b is pushed close up to a in to the position of b' (fig, 2) this 
effect may be considerable, and it is obvious that it will be greatly 
enhanced if the two flames arc extended laterally as in fig, 3* ^ For in 
such qase flame a must get rid of the energy which it ia reiving by 
radiation from b' mainly by an enhanced radial ion in the direction of p. 
It mayl therefore, be expected that the effect of laterU ^J^sion will 
be to make the flame apparently more transparent. , 

To a first approximation it may be expected that the r^^ling and 
absorptive powers of a gns at a given temperature will &portionnl 
to its density. That is to say, two gepmetrically slil^itWtmasses of 
flame, in which the temperatutcfj.i^ cow^toonding jp^in^J^the same, 
and the denrities in inverse to we Wat the total 

masses are the same), will radiate ®^we vfoy and to the same 

total amount. It would seem that this tnu$t W so, so long as the 
vibrations of the radiating moleciilos are the same jn character and 
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amplitude in tto two casea^ 'Bot there Ivill then be the same numboi 
of eSCaetly the' seme wey^end arranged m iho 

same way, The only difierence iejn the scale of the 

arrangement i^j|h4x'^e dm only affect the matter it the distance 
betweeri^ijj<4^@wer^ comparable with the wave-lengths of the radiation 
emitted^ ’5'S^Ww not the ease. It is only, however, within moderalo 
limits ,that molecular vibratiorlb are independent of density 
Angstrto found tfaat the absorption of the radiation from a given sourci' 
m a tute pf OO 2 At ordinary temperafuro and atmospheric pressure was 
i educed by increasing the length and diminishing the pressure^ in the 
same proportion so AS to keep the mass of gas constant. ScKfer found 
that on increasing the pressure the absorption bands of this gas wcie 
widened, so that the curve connecting intensity of radiation and wave- 
length did not remain of the^samef shape ^ These experiments wei< 
made at low temperatures, and at the higher temperatures in whicli 
the Committee are more particularly interested there has been but little 
work. There is no reason to doubt, however, that the character and 
amount of the radiation from CO^ and steam at high temperatures wnll 
change with the density. 

From the point of view of the molecular theory, such a change 
might be anticipated from either of two causes. An increase of density 
implies a proportionate increase in the frequency of molecular col- 
lisions, oua this would result in gieater facility of interchange between 
the translational and atomic types of energy. It is possible that the 
equilibrium proportion of the two types might be different in conse- 
quence. The denser gas may conceivably possess, with a given amount 
of translational energy, more atomic energy, and therefore radiate moie 
strongly at a given temperature. It is certain that there would be a 
more rapid attainment of equilibrium m the g»s alter an explosion, or 
a rapid expansion* Another possible cause is a direct inter-action 
between the molecules apart from colhbions Two molecules at a 
sufficient distance apart will vibiatc piactically independently, each 
behaving as though the oilier was not there, except that there will be a 
tendency for tb^m to vibrate in the same phase But if the two aic 
close together they react on each otlui' so that the natural period 
or periods of the Wo together will not be the same as those which 
each wQuld have if it were isolateil 

Such direct measurements as lia\e been made of the radiation after 
a closed explosion suggest that the flame is more transparent 

i han might jkiferred from the expenments on open flames. According 
to informalfim gjiven to the Committee by Professor Hopkinson, 
W, T, Da^d has fonhd that the radiation received by a bolometo placed 
outside ^indc^ in the cover of a cylindrical explosion vessel 

30 cm. greatly increased by highly pOhshiog that portion 

of the Mrblw oan be " seen * by the bolometer. Thi<^ 

implies 30 cm, of flame id these cjmimstanccs 

can whbh it emite. The density of 

* Ark /or Mat* fltookholm, vol tv . HO, p. |. 

Ann* drr Bhy9ik voi. xvf. (id06)i p. CS. 
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the gas ia this £»s^ 'Was 


if abB<»^pi^ ;9im « 

leodar's esmstSneot, v-suw ft thiokosss^ 
opaqoft* It 18 po^ibls that the lateral ex' 


for this result. The (^>eh flam^hould be ^ 
sions ISO cm. x 150 om., instead of a loog;, . 
of 3 om.» in order to make the two cases sftnirtly eoh}| 
be remeinbered that in the discussion above it 
laterally Intended dame would seem to oe more tra 
la fiw 'course of the year Mr. D. L. ChapiJahJfe,’ 
Mr. H. B. Wimperis have joined the Oommittee.. 

The Committee recommerd that they bo reappdnb 
grant of 1001. 
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APPENDIX A. 

Maiiation from Harm. By H. L, Qidf:E>BS!l!a>A|u ^ 

In the course of my experiments in 1903-04r witii a ^i4^1 petrol 
motor of 2’36-inch boro on the variation of efficIeKiSJr wiH^iSpe^, 
I became convinced that ih& greater part of the lose of effieieo^ with 
a small high-speed motor was practically independent <jt ilm speed. 
IjOSs by radiation from the flame appeared to be one attiongTSie-inany 
possible causes contributing to this result, and I acoordmgly made some 
ex;periments on radiation fmm flames with a view ta eei^ate the 
probable order of magnitude and the possible limits of tlie)o^"i$curred. 
The experiments ^\ele necessarily of a qualitative could 

not be directly applied to the calculation of the actuti c^cUrring 
in an Internal-combustion engine, but they appearedislo indicate ^tfcat the 
effect was mucli larger than had generally been sap]^bl#3> arid could 
not he neglected in a discussion of the heat loss oecnning ift. a gaseous 
exploeion. , 1 ‘ “ 

Sortie of the results of these experiments^ were the 

discussion on a paper by Professor B. Hopkinaon, ‘ Expk|y^|^t)| Ooal 
OaS and Air/ ‘ and a general summary was given in ^^^cussion 
on my paper, ' On the Effect of Si 2 :e on the Thenn^ of 

" ? from wluch the following is a quotation, j ^ 

^^A^rge part of the energy of the flame durlc^J 
the fjfiiiani^ «n$rgy of vibration of the dissociah 
ions,>whipl)^’is ^oved by the fact that a flanu 
intensely a igaas pf inert gas at the 99 

1 as pressure, ofc energy 
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llames, by 

the h^t x;a^<^ . f Jroin ah 
amount to 15']^ ideut, or 
20 per Ojl^the duration of the in&iad^cence 

and correspondm^ with a reduction in the sizer of 

the ^ mixtures. It is 'hot possible to estimato 


Beparatelx-!^^*ftcfe',^^^^ of liiis loss in the cylinder of a gqs-en^ne; 
but T tln)cik‘^..Wpngs chiefly to losses of the type A, beiflig prSportional 
to ilie'w3jH;i^Sr£^e> and practically independent of the time, 

since the flame is sliort in the most efficient mixtures. 

It is prohftfefer^Kdwever, that pai-t of the radiation loss taking place 
(luring thh gto^ffjiitibn of the flame and lliroughout its mass is propor- 
tional {i&;-the ypluthe and not to ilic surface, in which case it would 
he represeiifed ^y a constant torni in tlic expression for the loss- of 
thermal' eflieiejicy*’ 

The phl;^ apeotint which I have been able to find of previous syste- 
matic dxperiinents on tlie proportion of the heat of combustion radiated 
from a fliBimiiisifl a thesis for doctorate by llobert (tlie son of Hermann). 
von l?or the majority of noii-luminous hydrocarbon flames! 

mixed:\^i&.!air. E. Helmholtz finds approximately the same result, 
namely;5^pgr pent, of the heat of combustion radiated. According to. 
my experiments this low value is to he explained by the fact .that he 
ninplpyedijm. these measurements small flames, 6 mm. diameter ly. 
(>() ini^ii;i .Th%h, .which were probably burning at a comparatively . low 
<ojnpenRilja®,^.an<J, do, as a matter of fact, give a percentage of 
this or<ieft^ Jtt’ he finds 8‘7 per cent, of the heat of combu^dn 
radiated. ITS mm. diameter. . 

^ the heat radiated froin flames of y^jl?ipii3 

sizes, und(5r different conditions, was measured, ill i^ries 

I)cr raiilutf, at a uujasurcxl distance, by mefi^eVof nn 

cartnmcll Ii-irr l-l... 

pyrhelj^ 
ineajo^; 
metey^ 
suppl| 
mentVjj 
some ' 
uuiasj 
in hii^] 
usefi 
appeal 
not _ 
ing hi; 
be esia] 
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in a special mounting. The constant of. the 
^ which shown signs of change, was choked; by. 
dte'^caldriineter and also by aii aVjsolute nieasu^x^-;.b6lo- 
‘^^'aipy ’.'wet-jnelcr was ernjiloyed for measuring; the’ gas 
same meter was employed in the measure- 
eff the gas with a Boys calorimeter. ' In 
‘ supple to the flame before ignitiOiYtwas 
mfus subsequently employed .. by' ¥;S^'ann‘* 
heat of air and GO^.y- ‘ 

‘ mixture-' iji 

l^feiild 
febiirn- 
^^6ould 
tibn, the 
r burners 
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fi’uuji 1 iuoh to 4 iaobes dia^uete^. tlic air supply was rcduc /I fo»' 

th^ sAme rate of gas conauinptioa, sige pf the flame increased and 

also ttisi'heays^ A max«5Uin''<>f lo to 5H)'^r cent-'^ms reached 
for when a eiid wfeIhdeBoed*in<ier cone was 

formed. If the amount of air supplied was in excess of that required 
for complete combustion, the radiation fell off considerably in conse- 
quence of the r^uotion in size and fall in temperature of the flame. 
When the air supply was reduced until the inner cone disappeared, 
with burners of this type,' the fl.’uiio became unsteady and was reduced 
in temperature, the radiation falling to about 12 to 16 per cent. With 
steady luminous flames, of the Argand or bat’s-wing type, there was a 
considerable increase of radiation on excluding air from the flame 
With small flames of low temperature the pioportion of heat radiated 
ho os ]ow 2 or ;j per cent. 

These results appeared to indicate that I ho radiation depended \aTgc\y 
on tile size of the flame as uoll as on the temperature, and on the 
presence of 00 or solid 0 when the air was insufficient for complete 
combustion. The mixtures employed corresponded fairly with the 
range available in a petrol motor, but the temperature of the flame 
in a motor, with ignition at constant volume, would certainly be much 
higher. A considerable percentage of the loss of thermal emciency in 
such cases might ovidoinly be ascribed to radiation. The exact propor- 
tion could not be directly estimated, but it occurred to me in jprepariiig 
this note that the probable effect of radiation on the variation of 
(efficiency with size could be deduced by a more complete study of one 
particular type of flame, and by measuring the radiation and absorption 
for different thicknesses. With the assistance of Mr. G. Nelson, I have 
accordingly repeated and extended some of llicse observations. 


Experiments uilh a M^lcer Burner. 

Tfie type of burner selected for these experiments was the M^ker 
burner, S\ it h a nickfd giid of 3 cm. diamdter, consuming gas at the 
Kite of 0*185 cubic feet a miiuiie. The heat radiated was measured 
in calories per square cm. per minute by an Angstrom pyrheliometer 
at a distance of 52 cm., and tJio result multiplied by 4t>22 to deduce 
the total radiation m calories per minute, assuming the flame to radiate 
equally in all directions. The lower calorific value of the, gas was 
nuasured wet under the temperature and pressure of, the j&xperiment, 
ind was found to vary fioin 470 to 500 B.T.lT. per eubi^foOt* Wifcli 
full air-supply, the gas and air being neaily in the proportions required 
for complete combustion, the burner gives a 90lid homogeileoils conical 
pointed flame, with no indications of an inner cone. A$f, tHt i(Sif supply 
is reduced minute cones make their appearance over’'tfTO grid and 
finally coalesce into a single steady brilliant inner cona^ wlflch increases 
111 si/o. The percentage of heat radiated rises steadily 'fV'itlr increase of 
size of the flame, from 10*5 with ffltt ak-aupply to -16' per cent, as a 
maximum with a large and bright inney^Jme. B^tmd this point the 
inner cone becomes ill -defined, the flahie flickers, and the radiation 
1 ills i)/f to n per cent., rising again to over 16 as the flame ))ecomes 



ON GASEOUiJ EXPLOSIONS. 


217 


liiiiunoug. T1 one variations are compared in the accompmyjiif; liWe 
w ilh the imposition in volumes of to one of gas bofoic 

Ignition. depends to some e&tent on the shape, 

size, and netu|i$^ W Seme* It would qot be the dame fqr a bat's-wing 
or Argand flam^\^er}ate of gas consumption was mamtained approxi- 
mately consf^^' am the size of the flame varied witH^the strength of 
mixture, ' 

Total radiation of Mdker burner per cent, of heat of combustion : 

Total Badiatian per cent . . 10 5 J2 3 14 0 15 9 14*1 14*6 17 

Ratio Ait/Qas by Tol^ ... 5 4 3 2*6 1 5 1 0 

The gas ^as in all cases completely burnt The ratio of a r to gas 
before ignition merely describes the nature of the flame Mixtuies m 
llicse proportions, if burnt without further addition of air, would not, 
of course, raduto the s'^me pei coiit of hoil With the laiio air 
to gas-5^'>, the diuation of the luminous Jl uiu w is tstniiatcd al about 
a fiftieth of a second 


Inlrimic nadtaute oj Ihmc 

The intrinsic radiance of a flunc lus the snne meaning m lesptct 
of total energy of radiaton that iiitiinoio biilliuicc or biightncss has 
m lespcct of luminosity, lb may be measured bv the iidiation emitted 
per unit area of surface, but m tlie rise of a flame which is more or 
Jess transparent the radiation comes from a iiniLo thickness, and must 
bo measured per unit of solid angle subtended This ineasuiement 
may conveniently be effected by meins of a total radiition pyrometer 
of any kind in which an imige of the thine is foimed on a radiometer 
or bolometer. A Fory nurioi pyiomc Ici w is cinplo) od for this purpose, 
the instrument being fociissi'd on the tliino it \ height of 4 to 5 cir. 
above the grid, where the Ihme w is stculv and sensibly homogeneous. 

With this restriction it was found that the mliinsic radiance of the 
Jfeker burner did not vary mateiially as the air supply was reduced 
fiom that necessary for complete combustion, until the inner cone 
became so large that the flirnc could no longer bo regarded at scnsibl\ 
iiomogeneous. This showed that the mcietise of total radiation simul- 
taneously observed was due chiefly to mciease in the si^e of the flame, 
and that the increase of thickness of the flame was compensated eithr ’ 
by fall m temperature or by mciease m absoiplive power. The thick- 
ness of the flame at the height focussed m the pyrometer vaiied from 
2 8 cm. with full air supply to 3 6 cm when the inner cone was 3 cm 
high and Just^cloared the nioa focussed 

In order tp determine the manner in which the intrinsic radiance B 
varied with tb^^ickness a? of the flame in the Um of sight, and to 
measuri|jl|bapcOT<ite^^ of absorption, six precis^y Similar lmi*hsrs were 
mounts ii3^’'as^now along the axia of the radiation pyrometer, which 
was focused KiStjeh a way that the readin^f was the same for any one 
of the buniei*s any combination of the same number of 

Iniineis at di®s;^t fbe p^ssurc of the gas supply w is 

ro^ulatod to a and cave V^as takj'n to prcvmt the m 

m the laboratory frOmbdeomijag contaminated, w*bicli produced a notiblc 
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KBFORTS ON THR S7AXS ,9V 601EN0E. 

cfieot (m ilie C!idt^o% taken 

with states 

o{ were easily full air- 

suj^^«i»d iEs inner JS'^lb l^ter case 

tbs flatties an toueSied each otnor, and ^ Isy^.of #1106 S|1'6 cm. 

thlok aisd vm ^sihty homogeneous- 

SufMnwry of Ohsorvation$* 

NnmW tS^^ttmes . ,^.12 3 4 5 6 

Iladlation Observed . . . 68 124 171 2)^ 250 282 

EadUtkm Calculated . . . 66 124 173 ^16 2S0 28^ 

FoimuIaR ^ 473 (J-e 

Limit B/r when a -- o, - 473 X 0 0537 — 25 4 x>or cm, tlxtekneia ?f# 
lamit of R whtn or ludnity, B 473. 

2lr Oonea 2 5 cm. iugh. Mcau thickness per Same, 3*0 cm. 

Krimber of Flames ... 1 2 3 4 5 8 

iLadiaiion Observed ... 72 122 165 197 23^ 261 

Badiatlon Calculated . . . 66 120 166 201 232 257^ 

Formula R « 373 (1-c •«»') ^ 

Limit R/* whf n 2? =- o, -= 373 x 0 0641 == ?0 2 per cm. tlifekuM. 

Limit of R when x •= rnOnity, R 373. 


The observed and calculafeed values agree as closel/ as c€mld be 
expected with the exponential law of absorption, which is foWy appro- 
priate m this case, since the radiation ciiiitted is necessarily of the 
sarne quality as that absoibed and the flame is nearly homogetteous. 
An apparent confirnialioii of the founuh is that the ooofficient of absoip- 
tign is practically tlie same, iiainfl;y 0’054 for tlie two flames. limit 
of Jil/js, when a: — 0, which gives the mtniisio radiance per om* of 
flame corrected for absorption, is higher foi (he case of complete com- 
bustion because the teinptratuic of the flame is higher. The' limit of 
radiance for an infinite tlnckness of flame is higher in the same propor- 
tion. The radiation observed for a single flame in case (2) is rather 
larger than that calculated, because the thickness of a single flame was 
slightly greater than the mean of several flames in contact, It will 
be observed that the flame is surprisingly transparent to its o\yn radia- 
tion. It IS veiy commonly as<?umed that, because a flame absorbs 


menially. 

nbsoibmg powers of'e pi 


precisely those radiations whicli it omits, and absoibs them in the same 
iiroportwn as it emits them, tho flame woj^, therefore, hcw-jjiractically 
opaque to its own radiation, so that the radiation proceeding the 
interior of a mass of liomogcn«x)us flame might bo ReglecW|u^d the 
total radiation assumed pxoportional to the surfaoo, ^e^ftljc^i^agerva- 
tions shqw that this is \ory far from being tlie the 

relatively wide operation of tho radiating and ahsor|7%g^|^^^^. 

h/ Ternpmtuft fvid 

'Thu oi iett}perattt]<e sad on of 

n flame Hod -can he, 

jVea temperature 
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maltered. ' 

is more difficult to estimate beeau$e the 
radiau0^^^mfi|vme is very complicated and there is no means of 
accurate%^iEi^ffil|fo|F^the temperature. Nernst,^ from observati^iins 
by otbefe’ of an explosive gas mixture, maximum 

pressulpii'^*%b;^*'''6 atmos., allowing for convection and conduc- 
tion, '' radiation to vary as tlijj fourth power of the 

ternperattro^J" Tbe method is veiy untortain, and his conclusion was 
most ^^Vei^ly. ctiticised by ] summer, Bungslieiin, and Schaefer, who 
expIailiT^^that the radiation was quite diffoicnt from that of a black 
body/t^T^ that the quality of the radiation v -^s liillc, if at all, affected 
by presauj^ !S;p.*to 4 atmos. 

Tlie pi^*?nci{>al maxima of enussior and absorption in the Bunsen 
flame Sp^touju'ar^ at 2*8 and 4 t /a Taking a mean wave-length 
of 3'6 fi,) It is easy to estimate liow Hk- intensity should vary with 
teinpjSIr^ki^'hy assuming Planck’s equation The following table gives 
approiffl^^ values for comparison with the fourth-power law' 

of the St^J^*lcS^4he radiation of a black body : — 

. / IftT . ^ 

Absolute !I?wwlperaiaro . . . 1000® J500® 2000® 2500® 3000® 

Eadiation, ^laxiok « , . « 0 010 O 050 0*142 0*233 0*331 

» , Stdfon * . . . 0*009 0 045 0*142 0*347 0*721 

The Vat^ of variation, according to Planck’s formula for a single 
wave-Ieogftf, is much slower than the fouith-pow'or law, and tends in 
tbo litqit to be directly proportional to the absolute temperature at high 
teinperaturea. The actual rate of variation aliould lie between these 
limits, ifeut nearer to Planck, unless caibon begins to separofs in rich 

mtxtutfy at high ioniperdlures, 

* 

of Radialion Las on ihe Ihermal lifficieney. 

it {$ not possible to calcubtle the absolute inltsoitude of 
i-IOaa in a moior, or to deduce from it the relative loss 
it is not difficult io see in what inannw this 
flame temperature and with linear dimensions of 
^piay assume for this puipose that the eylinder at 
imutn preasnre isflUed with pra<^ic8!ly honte^l^tiEteous 


re radians a9ad‘'t'he sp^ape S. The 

of 

^^h^iwameter, for 
in {f cylinder of 
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‘J iucheb or 5 citi» (liunxeter, equival^l^ thickn^s ot flamo at 

1 atmo. ^100 the 

its limit 

for m ieSixit^ thickness. Thn peroentagi .Igs^ mk to i^^ation per 
stroke willjf thAefom, vary inversmy as the diamftei^ itoiuar motors, 
since fe will be practically independent of the dimensions la all cases 
which occur in practice. Since the rale of loss due to radiation 
diminishes very rapidly with the time, the effect of variation in speed 
on the radiation loss may be appropriately represented by a factor of 
the type (A + B/n), where n is the speed in revolutions per minute, 
as suggested in my ]>aper already quoted at the beginning of the note. 
From the'raiudity of the radiation-loss during ignition it is clear that 
the A term will be of considerable importance and will affect the com- 
parison of similar motors of different sizes when running at the same 
piston-speed (n inversely as D) in the maimer explained in my paper 
J iva^ convinced ou goner, il puiiciples that this ^vould turn out to bo 
(he case, but without actually measuring the absorption coefficient it 
was not possible to assert definitely that K would be practically indepen- 
dent of the dimensions. 

The variation of the coeIBc.ents A and B with flame temperature 
will be proportional to It, on<l will he of the nature already indicated. 
This is corroborated by my analysis of Dr. Watson's observations in 
a contribution to the discussion on his paper. ^ 

Absolute Value oj Intrinsic Radiance, 

The absolute value of the intrinsic radiance of tliose flames Was 
determined by comparison with the radiation of a black body with the 
same pyrometer. The black body temperature for six flames with full 
air-supply, giving a deflection ot 282 sscale divisions with the galvano- 
meter, was 670^ C. or absolute, for a thickness of 16'8 cm. 
'J his means that the intrinsic radiance of such a layer of flame is the 
same as tliat f)f a black }»o(ly at 679^ 0. 

Assuming the i.uliatioTi fiom a black body at a iemporature $ Ahs. 
to vaiy as E 0 ^ wbeie E is the radiation constant, and has the value 
5-32x10“' ergs per sq. cm. per sec., or 1*273 x 10"*'^ gra. cals, per sq. 
cm. per sec., the ratliaiion from a black body at 952® Abs. or 679® 0. 
would bo 63 cals, per sq. cm. per nun. 

The limiting value of the intrinsic radiance for infinite thickness 
would be 10.5 cals. ])or sq cm. jicr min. in case No. (1) with full air- 
supply* and 83 cals, per sq. cm. in case No. (2) cones 2*5 cm. 
high. These values would correspond approximately with the initial rates 
oi loss of heat by radiation per sq. cm. of surface in a gas^-engine cylinder 
filled with similar flames at corresponding temperatures, higher 
value gives a loss* of 176 caL per sq. cm. in the first second. 

J^ofessor Ilopkinson's experiments with a bolometer placed outside an 
e xplosion vessel, in which the flame temperature was' certainly a good 
dial higher, give 0*316 cal. per sq. cm. lost 'to the first tenth 
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of a second al<^. ignition commences, or 0’85 c^h in the fjr&b lentli 
after maximoni; ‘J'heise are quantities of the same onJci 

of magnltude/jbp^er in the right direction ftA; the value deduced 
above. he regarded as confirming the validity of both 

methods orestiznatijo^ the absolute value of the radiation loss. 

In applying these results to an iniernul-eombustion engine, it uuisl 
be remembered that the radiation is not in fact strictly iiomogeneous. 
There are considerable \ariations of teinpcrotuie, which affect the 
quality of tlw radiation. It appears pjohahle tlut luminous carbon, 
giving a continuous spectrum, may separate in rich inixluros, especially 
if not perfectly uniform. These variations would tend fo increase Ihe 
effective transparency of the flame, and tlio inc>ease of radiatioii-loss 
with dimensions. Further iinestigation will, doublless, elucidate these 
points. But, in so for as the ffamc lends lo absorb its own radiation 
selectively, the theory abo\c sketched inai servo a useful purpose as a 
fust approximation. 


APPENDIX B. 

On Radiation in a Gaseous Explosion- By B. IIopkinson*. 

In the First Eeport of the British Association Committee on 
Ooseous Explosions attention was drawn to the probable importance 
of radiation in determining life rate of cooling of the mass of liot gas 
produced by igniting an inflammable mixture in a closed vessel. In 
Ihe Second Beport reference was made to some experiments whicli I 
liad made on the effect of coating the walls of the explosion vessel with 
bright tin-foil. It was found that if a mixture of coal-gas and air of 
given composition were exploded in a vessel thus lined the maximum 
pressure reached was the same within one |)er cent, as that given by an 
identical mixture when ihe tin-foil lining was blackened, but the raio 
of cooling was decidedly *less. An experiment was also described in 
which an alieinpt was made to measuin the actual lieat absorption of 
the walls and the radiation by means of a bolometer of copper strij), 
whose temperature was recorded photographically during the progress 
of the explosion and of cooling, the strip being in different experiments 
blackened, polished, and placed behind a gas-tight screen of rock salt. 
A considerable difference was found between the blackened and polished 
surfaces ia Respect of heat absorption, and this difference was of the 
same Order i|s the heat absorbed by the bolometer behind the rock-salt 
screen, results were strqpg e^enco that the, effect of the tin-foil 
lining cii pooling was dua to radiation, and gave an indication 

of its biit, 'as tin-foil is not a very good reflector, and 

as the ^as, deslroygd by the explosion so that only a 

single experii^efifrwith have j^ugbt it desirable to do 

some further •, . 

I have accbrfei|[iy cast-iron explosion 

vc.ssel 30 cm. long ‘by 30 "phi, diameter, the whole of Ihe iidciior 
surface of which is' plated with silver, and T have compart'd iho 

1910. Q 
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resullB of cxplodiijg a mixture coniainiag 16 per coot, of '’.unbriifgr 
c‘Oi\l-gi\s — first with the vessel polisluMl as liighly as possible', tul sccc nd 
with the surface .btttekonod over. I'recautions were taken lo ensi 
that the mixture in the comparison experiments should be ■ ideuii *al 
composition. The pressures were re«'u!’ded in the usual w v—soj no- 
limes with a pencil indicator, and soinet iiiics with an optical I -licalor -- 
the same instrument being used, howevor, in each set of C( uparisc-n 
experiments. Kg. 4 nbows superposed 1 be ju'essiuv iccov(b 
by the optical indicator in one such comparison. As in the ci. -o of tJi-.'. 
tm-foil lining there is a difference in the rate, of cooling, but the c iTcrcnco 
is here very much greater- -more than twice as gj-eat. Furtlu 
is undoubtedly a difference in maximum pressure amounting to i (’tween 
two and three pounds per square inch, whicli is equivalent to about 
60^ 0. in temperature ; or, having regard lo the higher volumetric lical 
in the neighbourhood of 2000° 0., lo pcrha])S 5 per cent, in thei’uinl 
energy. ‘ , , / 

the two records it will be seen I hat when the walfe are re- 
flecting .tlie gas takes about 11 times as long lo reach a tem^ature of 



loOO"^ C as It d()f-> wlcn the w 11s aii hljckoued Tho actual Ium*^ 
given to ttu w vlw m f t\,(> i s luiibi l^c the same, so that the iiu in 
late of cuilmij dmm^ lb , ] ui )d in the oi.cV »^c is oboutf IJ Uims as 
gieai as it in the oOkj q { is piopuilioii lernams fanly const inf 
unlit the tdnpeia' iic In^ 1 dbn lo alxiut 1()()0° C, when it show^ 
some truden y to dimmish it was found that the precise stale cl 
})ohsh oi the sihu had \ gieat etipLl on tins lesull; — difforences in 
polish haidly appuciahle to llio (\c caiimig a substantial change ai tlu 
ralo of cooling. In the dj igt un sho'vn tiie suiface was polished by 
rncanft of a iiiotox-diivcn bulling wheel ^MtIl roiige» end WAstod witli 
melhjriatcd spmt, and Ihtn ag<iii|,^ohshcd with a leatlier. 

A number of evpcumcnts ImVo also been madp with, a r^coiding 
holomelei of sdNcr stiip, whuh v.im somdmics polished ittHilfimeUim s 
liJatkened, bmuiltaneous recoidn were lalunx of the gt^JIuje and 
of tlic temperature of the bolomeles. Two such rcA.k whicli I]k‘ 
])M ^sure curves are ideliiical are showp superposed in ftr 6 The bolo- 
nnhiyyas mounted on a Wiing, and considerable 

los. of heat to this backing, whkh I3dakc^ tho absolute 
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inioii il of he {/ absorbed iidiuM oik ('j tain Since, lio IIk Lunc i 

cinjKMimc- ^0 in ilio two c i‘-es (blackened find poll Jit el) an v 

K nh ' iiyula ditfeiing only a'> irMopoudiuo ^calt, llu p oji i 

non o heal h kMiil bo the snn* in Iho tVkO ( 'v s, nid (lie laiio of Jit if- 

hsoi] tiou bv lio bhclvciifd and polished sinfitr^ wdl h<» luaily ((ju il 

I ) the latio o the Unipoi.duic ■* Jlie i liio (1 Ui ' ieiP] ti ihnes slios n 

in lig 5 IS 0 5 at the end ol 0 J j s( b hom i^iiJion wlzicli igicc«j i*- 

\N(11 n^ nuglu ho ovptciod \m11i llu i ifio oi tin i \U s <>l tooling dtdiicul 

fioni the pH '>ure rocoids \mi1i Idicktiud and Mfheung "" dK, hiving 
KgudlotlK groat effi el ol *^1 II dilit k ut t m pt 'j I |)oii {|k j itt. ot 
cooling ratio of the hulontiei hn)[( 'tints into isc ^ .i liHle a- 

the gis tern pel aturo falls, mIirJi igjin a^nts wilh ilir gufP dapproM- 
inaluvn as ivgards rate of coolu ^ (li>closf d hv the pic isnit' hcokIS. 

Soino ostimato of Uio lu it lo'^t to ilt Jiuking cm be made as 
k»ilows: tempovatuic of (lie oiiii at of a «'oli(! ht' caused to vary 

then tlio qiunlily of he it vliith lias passed into it 
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at any tiino can bo calcul dodbv hk m-> < I i'k ^ oauii analybi-), piovidcd 
Ilut tho pioduct ot the Ihtunnl condiutHiu I uul Mu themiid cap icily 
c ot sohd 18 Iviiown, bug b»i i tnnpoi.ilvuo \tUuJLiou pro- 

])Oilional to the square tool of tins pii Id In the picscnrcise tlu 
solid is the linoleum backing, ind ihe su Im l( n [>eial«ao is that of ih 
silver in contact with it, and is unen by the bolomdcr record. Th ‘ 
lol d heat absorbed by tlie liolonu U i ju i squ i e't?eiiiirneliG at any inslanl 
c m therefore bo estimaied fiom Ihe bol« inelcj reconl, subject onl} to i 
knowledge ot %/^h c )yhich ccems as a multiplu r and llionce, assimni ^ 
that the km lObs o^t'v llio wliolo sutlato w Uio same ai> (Iiil 

ibsorbod bylfelie boJonaolor. lUo whole h( ai give u hv flip era < can bo calcw- 
Jiilcd. Thi^-hBaHofts cm he oblainecl .iNo fiojn tin piihaiue record b\ 
tfeoai the whole heat ol combustion the quantity of heat 
Hnnaini|)ig|l|||gt0 whose energy at a temjici it'vre of, say, 1000° (' 
may b 0 0 ^Pi^|B 4 u| ^oiScicnily noru'ly for Ihifl purpose. TIk 

^aluo chdseB as toumjce the heat obt lined 

fiom the dedheed from the pn’S.Mirc leomd 

'I’llile T., page titeVhsohrth heat losses has been obi kikiI 
m this way 
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Table I. 


! 

Temperatures ^<1 

; Heat itt 

I Silver C\ds. 

I per s<l. cm. 

Proportion 
lost to 
Backing 

Total 


riliio 

. (>as 

j Silvt 

*r 

Absorption 

.2 . tii 

fc. - 'A 

1 aj 

i 0- 

r__i 


1 B.; i 

t 

P. 

1 

v. 

i 

B. 


B. 

P. 


0 j 

2150 


120 

iO 188 

0 142 

o-sn 

. 0 30 

0 245 

0 185 

i 0-00 

0 10 ; 

1940 

31 *9 

0 530 

0-370 

0.‘)0 

O-W 

0795 

0 565 

0-23 

0 15 1 

1750 

1 01-0 

441 

0 72(> 

0 .",20 

0 70 

0 00 

1 "22 

088 

I 0 34 

0 20 

1590 

: 70-0 ! 

51-7 

0 826 

0010 

090 

0 88 

1*57 

115 

j 0 42 

0 10 ; 

);150 

' 76-8 • 

590 

0 :)0() 

0*090 

. 1*22 

, 1*18 ! 

2-01 

1*52 

i 0 49 

0 50 ' 

1030 

: 78-7 • 

(>2’5 

0 029 

0 

1*70 

i 1*03 ' 

2-51 

1*94 

! 0 57 


difference between tlie loss to tiu* ))o]is]ie(l and blackened surfaces 
represents tiie gieater ])art of the radinlioii from tlie gas. Tliere is reason 
lo suppose, liowever, tluil it does not represtnt llio whole, because it is 



probable that at an early stage, in tlie cooling ^\itb ihe polished walls 
the bright surface of the silv(‘r is diinincd by a deposit of moisture.^ 
Finally, a series of records have been taken with a bolometer placed 
outside the explosion vcss/cl altogether, ])nt exposed to the radiation of 
the flaiiie tbrougli a windce.v (»f Jliiorite (fig. 7). This bolometer was 
of platinum blackened with lamp-black, and the records were taken in 
(•xactly tlie same way a.s in tiic otlier cases/ A facsimile of one such 
record is given in fig. t>, and Hie Talde If. siiows the amounts of 
beat absorbed by this bolometer at different limes. 


Table I/ 


rime from 
Ignition 

'J'emjMU-atnro ^'(7. 

1 

(las ! Platinum 

Heat in 
Platinum 
(.’als. per 

Loss by 
Had inti on, 
&c. 

Total 
Absorbed . 
(.7als. sq. 

Heat 

absorbed as 
pcrcentagtj 
of heat of 


. 


sq. cm. 


cm. 

combustiim 

0*05 

2090 

130 

Oil 


O'll 

s 3 

0*1 

1870 

39-0 

0*315 


0-3154 

- *8*5 

015 

1600 

57-4 

0*40 


12*5 

0-20 j 

1510 

70*3 

0*67 


15*5 

0-3 I 

1200 

84*2 

0*075 

0-02.1 

O>70 

19 

0.4 1 

1 1110 

91*7 

0*736 

0 036 • 

1 0*77 

21 

0-5 

980 

90*4 ! 

0*770 

005 

'■■0*82 

22 i 


’ possiblr; im])ort.anco of 8uoh a dejiosit was suggested to me by Mr. W. T. 
David, wlio carried out all cxperimoriis described in this note. 
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Tluav ciiiiiu bo tiny qiiestioii fcliafc iho whole of ilie liciit rccoidetl by 
this i)hituiui i bolometer is radiated heat, and I do not think thal; tlicre 
IS imich doubt that, subject to any reflection from the surface of the 
}>latinum (w hicb ha^iot been allowed for), the above figures jopresont 
the amount of radiation coming through the fluorite window. Fluorite 
is said to absbrb about 5 per cent, of the radiation falling upon it, but 
no allowance has been made for this. It will be seen that the radiation 



h(‘ie recorded exceeds by about 50 pen* cunt, the diffiuence between the 
boat absoiption wiili the IdacKened and i)oJis]u‘(i surfaces. ^Yllen a 
plate of glass is siibstituleil for the fluorite plate the heat absorbed by 
ilio bolometer is reduced to about onc-tiurd of the above amounts, and 
if the platinum surface is polished instead of IJackencd, the heat lecordcil 
is only 20 per cent. Tlie latter figure agrees fail ly well with the resull 
given by Ilageii and Eiibens for the reflecling j>o\\er of poliohod 
t»latinum ^ 


APPEND! > 5 ; C. 

Abstracts from mrious Papers tclatuig to the Application of Heat Radiation 
ftom Luminous Flames to Sietrvens^ Reijcnerating Furnaces. 

In SeptembSSr 1884 Mr, Fr. Siemens read a paper hetoie tin* 
lion and Steel Institute in which ho described (he a]>])lic itlon of lailian! 

* Z. filr Instr. Kamh^ 22, p. :.2 (J*>o:>). 



:22(3 ui^ii’ouivs on tuk state ok .soience. 

hvdl derived fr^u liiiujiious flames, lo such purjwto as glass oveiib and 
blocl funjtflcee. greater part 6l the pimer was dovotod to practical 
t ojisideratio^ts, but in the discussion whion followed be expressed Ins 
views as to the theory ol the action; and stated that, in oi’d^ U5 obimn 
the best results, fioiii tlie heat efficiency ixiint (#Mew, the operation 
should bo divided into two parts. In the first part chemical combinn- 
tion look place, Ilii> ilaino was luniinous, and ilic heat should be 
.ihstncted by ladudion only. In order that tlic ladiant heal rniglit be 
a niuKhmiin, there should be a hrger si)acc i>o tliat pcifect combustion 
KMild take jdacc wiilioii the gases coming into contact with an> 
s.did substance, this sp^ce was the luniacc pioi)cr Tn the second 
pari there was no conibu'^tion, the ll.imo was non-iunimous, and tin 
heat should 1)0 a])slMcltd iioni it }>} coni it ,is was done in the 
]Mi l ol iJn liiiiiur 

A^jonicns else j /hi (I fhc i nh mi ]u'U af Iht /l.iijie io 

iiir<jinilfisceiii pailiclc^ of c \thon, jiul -..id tint, ^inco flame is trails 
pauut to its own i idia* » > not oiil\ «/ » tlie surface of the ilanie 
rad ale. but who it n <i »n , liciuo a ikinic ladiatcs far better than a 
solid subsl mci ‘ \ ^ >h«l suit, tc* » idiati'- oiiK fioia its outer surface, 
and b'omthat 'Uif ce oi'l\ low i b (»iie ‘ diicctU)U,‘wliiIe a ilainc ladiated 
lioni evei'v point wutmi il, and on its suifaco in every direct.on, or 
fiom every point of its cnitie \ohjine towards cveiy direction.' If the 
aiea of a solid sub^tniu' '\eu* doubled it would only radiate iwnce as 
much, but it the suitace of i {aooinetiically smaller) flame be doubled 
tlie radiation woul.l be lom inncs us nin» h. 

He specially callal aUcuiuui lo tiic' advanlauo of this method of 
heating by refeiring io tlu t \]>ciience obtained with glass pot furnaces 
m Diesden and in ilolieinii to winch llic new mellicxl of heating had 
been ?.ppliod. Idierc wcic gioat guir in e\oiy direction: 60 per cent, 
moie glass for liic same (\]cndihiu' of heat, less ^reakage of pots, 
(he furnace lishd s\ iirn<s longci , and higlior temperatures W'ei(> 
obtained, so Did open p !s ct> dd Ik useti instc ul of closed ones. The 
glass \\.«s ]a<)duc(d liom c lit ipci niil(‘n ds and v/as of su})erior qiiaht\. 

The s(ai(Mncnts in , le in Dh above pi]ier W('ro soAortdy criticised by 
(human cngincds, end \] cm foie on OclobcT 20, Mr. Fn Siemens 

UMcl a pajiei si a mec tine i fu* ‘ Sulisischen Ing^niour urid Architekten 
Vcu’csn ’ entitled, ‘ ( ! »sll nnmoh n mil livics* FJ am mon-Jlni taliu ng, ’ 
wliudi w,is ))ii])bsli(‘d Ml Du* * rnilmgenieui , ’ IhSd, and vras prac- 
ticdly a repctilion of luj ptcMous papci, 

fn Octolier 1<SSG !Mr. h'r. Siemens jond another paper before the 
h(>n and Steel Instituie, (imDed * Combustion with Special Reference 
to rnicLical llequheiiicnts. ' Jfe confirmed what he hgd previously 
sided, and added some renuuks on dissociation, pointing cMdt that if 
flame came into contael with heated surfaces there wa^ tendency 
to condense' ^ one or other of^the constituents/ tmj 
dissociation could take place at comparatively low teixi^eiAtureS'; hence 
dis^oiiafion eKperimonts should l>e carried out in large open spaces, 
ife* MMnarkcd that the Bunscu flairfe, being non-^kHtninOiiB, had but 
111 tie 1 uli dmg power. ^ 

* 'riii‘5 1 - not iiiu‘ unless possibly when ilio surface is jierfcetly polished. 
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In lb8(> J?p. .StewoJiJS read a pafK'r—publishcd in Uio ‘ /iitsduift 
des Oe 3 teiTti^|j^|[||^.^iQgeQieiir nnd V^eins,’ lh8(i 

entitled de3f Begeaerativ-Oeteti,’^ hi whiph ho Juillic r 

confirrriisi4?|^p^^ rtiiioments. lu this oommuniention ho state A 
that the effect of luniinous flames had been originally pul 

into opev^loU ^ ois Dresden glasb woiks jn 1877 and m his Bohcmuin 
gl iss works in 1878, but the losulis were not publisliod for coniim ici il 

!(' ISOllS. 

Mr Jeremiah Head icad i pijiei on tlie Su iiiLiis’ iss ovens befoie 
ilip British AssoCklion (Seelioii G) it the Biuaingli ii i ineetiiig in J88() 
He pointed out that will dnerl luMiing the liuince must be sm ill, 
whereas with tadiant hcitin^ tlic fuuMco c >n, and mist lie, lugt 
He stated that in fliecc iugc spufs (bssonilion did not tiko place 
lUbongh ihe leiupei aim os wi u mu bi^l i 

Ml PV Sieiucu*- pid)]isli(r? 1 1 >rf t ('niluij^diuvL m 

1886, entitled ‘ Die yeiliuiung ibs Siluu islfuiMuHics, m wdiich he 
silted that the highest hnipd iUh^ wck 1 tvd wheie ihe flunc* 
did not come into cent icf with Uk tui uh( dl Ik mo ibo highosl 
temperature must be due to ridim^ li» il 111 i^un lomnked tint 
the siiilices m contact with IHine not c iil}^ liiihnd Lomlnistion, hut 
])iomoted dissociation 

(iusi«v\ Wcstnnnn puhhsi td i scuiildK iiMpiiu into llie ‘ hicmons ' 
method of glass heilhig in a pipei, ent 11 1 ' Sk m ns’ ] icicr Tlam- 
uienontfallung/ read befoie the ‘ Vti! m llungcn drs Veieins /m 
Ih foiderung des Ooweibfh issm * 18s() \ii (xpennunt on a Luge 
si lie, lasting 21 hours, V is m idt \iili i ,^1 'ss [mince in which 23 tons 
of glass were melted by Ihe ^i^ihc Hk n of five ( ai'. coal and five tons 
of lignite. Full particuhis ol ill tl i m snuimiif-. ue givi n, and it is 
shovvn that the thoirnal effuicmv \ i^ IM) pt i cml iiid the iempeia- 
tiiie 1200"^ C 


Exxavidio^bs o?i Roman }>iN*s tn BnUiin. Report of the Co^nmilfec, 
consisting of Professor J. L. Myrks (Chairman), Professor R. (\ 
Bosaistqokt (SecreUinj), Dr<T. Ashby, mid Professor W. Rtdck- 
WAY, appointed to co-operate with Loral Committres in Excavations 
on Soman Sites in Britain. 


I'liE CoinmiUec have pi iced tho giant of 3/., made at Winnipeg in lOtV), 
at the disposal ofHhe Taverpool Committee for Excavation and ]le- 
bearch and Ihe Marches, for the sftui) of the remains of 

animals aiid’plants found in the recent excavations on Itomaii sites at 
(^aorsws in'BjontgQttieryshire, and at Carnarvon. The investigation is 
not yet 'e^plet^a: and the report of its results must be held over imlil 
101 1 . ' 

The ^ be rgfippomted, with a firrUier grant . 
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Tnii; Cominitiee have to express their rc^rel- tliat IMr. 0. 11. Hawes lias 
been prevented by other engagements from carrying out the furtlier 
programme of work which was foreshadowed in the Committee's report 
last year. He has, how^ever, made some progress in analysing tlu' 
observations which Jic made during his visit to Crete in 1000 (Appen- 
r/ix L), and hopes to ho able in submit the remainder of Jiis conchisioii.s 

to the Coiniiilitcc wiifmui much {luiJicr dclny. The Conmiittee, there- 
fore, ask to be reappoinicd wiili a fiiriher grant. 

^he Committee Iv.we received this year a further report from Dr. 
W. L. H. Duckworth on some of Ih.e observations made by him during 
his journeys in Crete in ilie year V.lOo, with comparisons suggested by 
subsequent journeys in the south of Aragon in Spain. This Report, 
which forms Appendix FT., is an expansion of iScction (ii.) of his Special 
Report (b) presented to the Cretan Committee of tlie British Associa- 
tion in and published in * Ih'it. Assoc. R(‘port,’ 190.3 (Southport), 
p. 409. 

APPENDIX 1. 

A Reporl on Crclan A uthropomrlry. By Cii\U].p:s TI. Hawks. 

Since the completion of my last year’i expedition to Crete the tabula- 
tion and collation of the statistics gathered in 190.5 and 1909 have made 
considerable progress, ilioiigli not yet complete. Here I deal with 
the chief moasiirernenls only, and Iboso Uie usual ones, leaving aside 
for later report the results of a study of tlie 1,700 sagittal contours 
of living subjects. 

The total number of living ])ersons measured in the two campaigns 
of 1905 and 1909, together with 109 measured by Dr. Duckworth in 
1903, amounts to {1,183. From these must be deducted foreigners, 
Russians, French, Italians, Armenians, Greeks, Epirots, Albanians, 
/Egean and lotfiati Islanders, and Oetan women,.: 'and children. A 
furtlier expurgation has been made in order to sihiplify, even in Ibo 
‘di'dite‘4 degrcf', a. complex problem. The further omissions compiise 



AR(T.1^0Um cAli AND IOTUNdLOi IK'AI ■ ID’S]: MM IIKS IN ( RlMl-]. 

( a^^llssM nnns (who, it is true, possess but lilUc', 'rurkish blood) 

nud oriliodox Orctans either of whose parents or grand j)areids hsul 
I'm)!!! outside de island, however near. 

'Tliis rediu os our total figure, which is the basis of the comparisons 
made in this paper, to 2,290. 

Ilic intovost in Cretau ethnology lies not only iu the pieseiit <lisiri- 
hution of iypiss and their external connections, but in their contrast 
with the prehistoric inhahituuis, the builders and artificers of Knossos, 
JMniostos, Gournid, Bilaikastro, S:c. 

Skull Measurevients. * 

It will be remoinbored that Dr. Duckworlirs examination in .1903 
of skulls from Palaikastro (Eastern Crete) showed (hat the men of 
ancient Crete of the so-called Middle Minonn Period wcj'o dolicho- 
cophals, with a small minority of brnchycepbals. Tiio wonuui were even 
more dolichocephalic, and the long Iieads among them in greater 
]»roportioii than aiflong the men; but. as I sindl eoiiiiuc myself to mole 
adults in this paper, 1 use Dr. Duckworth’s ti^iavs for men only. 


Sii'iy-Jour Crr!,ni Mah'i. 

Cratml index (average) 

„ (distribution) dolichocephalic 
•> brachyccpUalic 

„ mcaaticc]ihalic 

Stature (estimated) 


. ::h 

. *>5 -a [K’t cent. 
. S-So „ 

. 2()15 „ 

. I,a25inin. 


Since 1903 further ancient Cretan cranial and skeletal remains have 
l^assed through my hands, including twenty skulls. J3y the kindness 
of Miss Edith Hall the lengths and breadths of fi\’o more crania, found 
this year by Mr. fteager, have recently been communicated to mo. 
These twenty-five skulls, although limited iu provemmeo to ilu' eastern 
half of Crete, hail from^a wider area than the previous si;vty4‘our, 
namely, from llnossos, Meskinia, Kouiruisa, Gouniia, as well as 
Ealaikastro^'^ Thirteen of them hedong Iu an equally early period, bu.' 
yield a rather higher average cranial index-'-Td'o as compared with 73’ i 
-and, include among Ihom two bracliyceplials. The remaining twelve 
show an increasing breadth, agreeing with the aich.ToIogical evideni'o 
for the inroad of invaders. Vivo skrdls fi'om Gournid, belonging to 
the beginning of the Late Minonn Period, have a mean cranial index 
of 76*5, and seven from various sites, belonging to the end of this 
period (L.M, III. after the fall of Kuossos), average 79*1, and include 
no dolichocephals, but three mcsoccphals and four bracliycephals. 

It would; be more satisfactory to liave had a broader foundation. 
l)ot]i geographical and numerical, on which to base our knowledge of 
the physical .typo of the Minoans; but the evidence of 100 crania 
(01 male “K 13 male -f 23 ■ female) . from the eastern half of the island, 
dating hack to the beginning of the.fCcond millenniinn n.c., is ikjI to 
be despised. These are the grounds lor assuming tlie Minoans Ii.ive 
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bf‘Cii (loliclioccpUalic, with a ineaxi cranial index ol about 74'0. AIoiij];- 
sule ol i\ majority of 60 p('r j[rent. long-headff dwelt a inino^rity of aboui 
10 poi- ceiiL bvond-heads. Tn stature "they wore short, scarcely 

0 feci 4 inches. This catiinate of T)i\ Duckwoith was (jDJifinned ])y 
fiiither luea^iiiemenls made by me Inst year. This, it^is to be re- 
momlwivd, was the condition f)f things before the prehistoric invasions 
nssoci.dcd with' liic naniO'. ol tin ‘ Aclnrans * and * Dorians.’ 

How do llv* a icK'Tit c<niijiare with the modern inhabitants of Cri'h*? 
Have they ch, m^^d plu ‘^ic.dl} , and how ate we to ueeoimt for th(‘ 
change? Bi*l‘cr^ c ('.nh.islini^ llie aliove data with the uieasureinents 
of 2,290 living male (h»ian^ a woid of winning is necessary. W 
lOO compaiinr the (cpJti'hc index of the living with the cranial imh k 
of the dcul. \s'5inniiig a diln'uiKo ol two iiilegeis, we shall credit 
the Mmoans witli ,i ci[)hali( index ol 76 m ])lace of llie cranial iruh'X 

01 74. The modem ( Ian h an avei cephalic index of 79*0. Ho 
IS inesaticr ])]ialic i^.Iikm linn dohe lu^c'^phalic, though by no means so 
iuoad-headed as tlw (]u k of tlio m nrd iml, whoso i^oan is about H2 0. 
'Hie distribution lodiv is as loll(i\'^: — 

l)<>lidioct]»lidK (7() !) divl ln‘lo\\ ) 29*6 por ociit. 

Bi.iohycojjlials (82*1 and abo\t‘) 24*0 „ 

Mesaticoph.ils (77 0 S2 0 inclirn' j .... 1()’4 ,, 

The increase of the biach} ecphals and the mobnlicophals at llie exiicnse 

of the dolichoceplials mik e tlip beginning of the Late Minoau Period is 
liere cMdent. 

While llu sialistie<d w.»ik is as \el Lii(l('r way itris too early to 
oiler a solution cd tins complex inohltsii, tlio cause of the physical 
change in the Cictan jnople dining the last 4,000 years. When we 
lemcinher that the i&land Ii Ik-om subject to several invasions, from pre- 
historic times down to the si vc nti enlli century, the question is certainly 
an iini'lvi'd one. I will si\ lure llnd, lu older lo do away as mueli a*^ 
pobsihle witli the effei U ol the J.iH invasion, that of the Turks, I have 
(‘xcludeit all .Mussuhnan‘=; horn m\ liguies,* although there seems not 
to he much trace of Tuikisli blood in the jnajority of the Cretans who 
]>rofess l.^iani. lieie ai'd tlirre I believe L have traced an individual 
of Venetian descent: hut, liaving sought Venetians eagerly wlierevin* 
name or legend snegesli'd, with hut little success, and having regard to 
the wholesale evictjoii ol Hum ,it the end of iho sieges, I think that 
they are a iieghgihle cjuantilv in a general siiiwcy like the present. If 
this is iruo of tiie Turkish and Venetian invasions, it is much more true 
of llie Haraccnic influence, which was spasmodic and ophofeieraL In 
Drt, unless wo aio to call in other causes than the mixture cf races 
foi the broadening of the head, the prevalence of the bracliyceplials and 
great mixture of the brachycephalic and the doliohocepfe^Kc elements 
lo-day seem to me to cull for a considerable invasion of 

hroad-hcads." ^ 

Tlic distribution of types may help us lo some dear ‘conception and 
Ifv understand some suggestions %hich I put forward with some dilTi- 
(Icni'o at this early hour. 
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It Will be luces'-ciiy to bear ui mind tlio geogi iplucil outljiu c l 
i 1 uj(l \bout 160 miles long (due E and W ), it vanes fiqni J i 1 > b 
luilfs wide (N and S) A chain or barkbono of nioiuji^ams inns 
tliiouglioiit its length, broken into three thief nwsbifs the White Moun 
t iin*^ (8,000 feet) m the west, Mount Idi (8 000 fat) in the c(-nt»( 
jid Mount Diote (6,000 feet) m tlic t isi Tn ilir eUrtnic ei t, luyond 

tin Isthmus of llierUpetu lies the u]d ind pi un of Situ, c 2,000 

1l ( in height At the witlesl put ol the jsluul, to the south is the 
I plim of Ciete, the Mt^'suj ^ liicli lunimu^ wcslw ud to tin 
of rinoslos is shul oil Jh iji tli 1 il \ in i b> i w ill ol 
1 ijunlains i uigiug fiom 2 jOO to 1 000 la I (Mount Kopliniis) 
Administratively the isluid is divid d into twcnl} epiichies and 
[ 1 n leasons tins division h s ]ii(Md tl r i o^l comcmuit fo) i 
oiuling point m iiitlnojioincliu woil Ih untiil Lpncliics line 

1 1 ige coph ilic indices of 78 ind 1 i 1 1 i 'n I ill i 1 ms i dolicho 

( I hilic weiigc of 7< “) ]-^cih < suin nd wc t in c]i nines show m 
i iKisiJ bicadtli— Solino H) ) ind 'sj li 1 1 i I lu (I ^ uili west 
mn , and bitia 80 0 in Ihc ( \t luu c isl 
J lie pcicentigos ol dc Ik Ik tf 1 1 li nil ilvc |l du. nuiiMdiiil 
i 111 a( cold with the s( ddhit k s in im i ^ ^ 

Cditial S()0pti U IkIi c xhtl J7 > ] i c nl bi i li^^ccjha'j 

1^ itln 515 () I „ 

Si^lino n } ) 7 

SUia . 10 4 , , ^1 „ 

I c incs iliceph ds utouiii i > lie k t Ml r l ^ inidLiilicd 

1 1 cepbilic nub \ ol SO ) n ili ( ni wist i It thts<. jicoplts 

mil 1 not onl^ in Matin t Init in u i M din 1 i llu Silnns base 
/ // lit ids and llu Sdnioi, h il ] d In int lli liKri ic the 
t uli si heidid cii <Ik isJ lul uul U Si i ns 1 ml^ c ]i bang tlic 

dNCStlnuled, dilou^htlRir 1 il i il sli ik l It is possible 

i! I WL hue lo dc d with u lu is t i n il^ in In ic li>( c pli ils (ulli 

1 1(]> uf the I ill ilJ'yne i( k) nl 11 wc n d n tlifi in the cist 

I I \‘*i itic 1 1 uh} eph ils tioin (b i [ I link t f \ m Mi ki 

]i the dolichoa phul oiia j < ss d lit Imd ind llir liitb\(tplMl 
\ IS in the mim, \ii iu\ idti w( m t\j M l< Jiiid Hit m giiul 
mil ibitants dnvefi up into tin inonnl uns uid lliis is tlu c ist ]hi1 this 
nci il st itement icijuius sjint in< d licilion 11 \ould It ntiia llu 

0 itli to eiy Hut the dolKbotfphd is noi ib tnl hmu tic pi uns out 

1 H dominates m the mount mu I ho bunt of Hu longJieids an on 

Hu slopes of the mount un ;?k7<is//s Mic Wlnit Moi m ms "Mount Id i 
in 1 Mo^nt JDiete— as also in tlu i m whuli siinl otf tlu ueb Messiiu 
1 1 nil fiom the Fabvsn Sc i Of tlu se, the b( st c \ u iple is Mount Pu k 
Hu bnlhplace of Zeus,^ where before Hu "NoiHkiu god came to tlu 
is] mil with bifil broad-headed contingent, tlu Cictun Eliei v<^aB wui 
''bippod th^ mouatam-plun of La&itlu, 2,700 £qct abo\e the 

^(‘a, shut iii.on ali.^ydes.by towering suinmita, and only to b^- reuclied 
by toilsome- twiy^j-'- frorh below, true doUcfioccphalic 

•entie with a cephalic mean of 76*«9. The loiig-hoads oiTinnrnher Ibe 
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luoad-lioiids by nine to one, more than even among the Hi- ancient 
ski lls exaiiiiiiod by Dr. Duckworth. This is a true centre, fur we lind 
this dolichocephalic element radiating in all directions into the neigh - 
l)Ourii)g eparchies of Pedhiadha, MiraWllo, Jlierdpeira, and Vi:linnos. 

^riu) othor mountain massifs are not true centres; for, altliough l])e 
doIicJio('('/)Jm]s :iro mnsh juiinrrotiis, iho Jnounhjjjis, iower'mg up S,(U)I) 
loot, toriii a bari'icr (o the south, and <he iong-iieads cluster on tJic 
r.crthern slopes only. This is true of the Wliitc Mountains, where in 
one villnge alone of Upper Kydhonia, Lnkkous, the home of the late 
l.)r, JanniUis, the Go iiien i measured avcM-aged 7&9, against 79d) in 
I he })lains of the samt? eparchy. ’Hie other mountain massif, Mount 
Ida, plays a similar paii, and on I he northern side, in the upper portion 
of M.ylopbuniiO, niy I’e.cords siiow S.J suhjeefs averaging 76'5. 'Ihe 
mountains tn the soiiih of tlie Messani Plain, Ihougli not so loffy, slojX', 
steeply to ilie sea, and being shut off from the main centres, offer a 
most undesiraldo regmn for any invadt'r lo oc!CU])y in a liostilo country. 
The regimi is sparsely jHipulatid, and the 2S subjects measured in tliat 
part whicli falls wiiliin tin- eparchy of Moiiophdtsion average 7G'9, 
compared with 8()'9 in ilio ^Messara Plain immediately below. 

Those four mounlaincuis I'egions *.ip])ear lo be the strongholds to 
wliich the earlier inhubitants have been driven by successive invaders, 
and strong confirnialion of tliis bypotbesis conies from the method by 
which I arrived at it. A nia[) of tiie c.(‘p]ia1ic index eparchy by eparchy 
offered no clue. A bus))icitai of differences between mountain and plain 
suggested thtj cleavage line of 1,()()0 foot altitude as a criterion of classifi- 
cation, but iliis failed in souk- cases, lliougb successful in others. It 
was arbitrary and did not always sitvo as a register of accessibility. It 
then occnrri‘d lo me that in a land of such marked physiographical 
features as Crete, Acluca ns, Dorians, Venetians, all had probably fol- 
lowed much the same routes as I be Turks in llie seventeenth century. I 
therefore made a map of the Turkisli occujiation of the island according 
to the censu.s of 1881, liefore the laltcr-day exodus. This showed ilciu 
from centres on (be north coa.st of tlio islaiuK— Canea, Retbymo, Candia, 
and Sitia — tlio lines of irnrnigralion I'adiatcd southward, stopping short 
at the foot of the mountains, with but one exception, to which I shall 
refer later. Tin's general trutli is })atticnlarly well illustrated in tlie 
many lines cf occupation stretching south from Candia, the greati^st 
Turkish centre, wliich all stop short abruptly at ihe’foot of the Messara 
Alountains. Three great blank spaces stand out on the map between 
these lines of immigration— M.o nut Dicte witli the fringes of the neigh- 
bouring eparchies, the northern slopes of Alount 13a, and both northeiai 
and southern sides of the While Mountains. These blank areas are 
those which we have already found occupied by the predominant dolicbo- 
ccphal, with one notable exception, the southern slopes of the Wliito. 
Arountains. This region, wliero the Turks have never yet held sway, 
tliis eparchy of Sphdlcia, where the Sphdkiots have successfully repulsed 
Turk and' Venetian alike, and, isolated in a sterile, rocky home, proudly 
cluim Dorian descent, is the one outstanding exception to the rule that 
the mountains are tlio refuge of the dolichoce]>hnls. 1 lieliiwe this 
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sigiiiiicaiit cxcei)tioii, vvlioii fully understood, will prove (‘xfrcmely 
instructive in the study of prehistoric migrations. 

Tlio Dorian migration into Crete has historical authority, and it is 
pi ol)ablc enough, apart from the anthopological evidence, tliat a strefun 
of these people reached this south-western ]jart of the island, since sljips 
driven by a strong wind southward would find it dangerous to land on 
the northern coast, as archeeologisis know to LLnir cost. TJiere is no 
harbour on the south coast to compare with Loutro, tlie port of Sphakia, 
where St. Pauls companions advised wintering; it possesses a double 
liavbour and gives shelter not only fi-om iiie noilli-wesL and north-easi, 
l)iit also from the south-west winds. IModerii ti'avcllers commonly 
i('j)ort llio absence of ports on tlie soulli coast of Crete, unaware that 
jiative Sphakiot sliifis ply to Oilessa with Ih. ir great cliees(*-s, liides, and 
(•harcoal, and that »S})luikiol vessels were reported in the Black Sea 
during the Venetian occu]ailiun of Ihe island, and at Constanza. in JS21. 
To-day there arc more liarhour-nieii emplo\ed at Sjiluikia C’ity and its 
))orl, Loutro, than in any other (‘retan towns, i'xec'pting (‘aiusi, (Jaiidia, 
and l^ethymo. Immigrants landing at TiOutro had no cljoice but to setlhi 
un Hie southoi’n slop('s of the W'hile .Mountains, stei'ile, and therefore. 
s])arsely inhabited, where to-day we find a Jiiajority of hroad-lieads. 

I referred al)Ove to one exception to ihe J’ulr 1ha( Turkish occupation 
sloj^ped short at the foot of ihc mountains. 'J’liis oxa.mph" is found cm 
ihe southern slo[»es of Mount Ida. "J'hf* haigest line of communiciitions 
t'f the Turkish occupation was the c»nc \\hicli, leaving (^mdia, 

•dong Hie. eastern slo[)es of Afoiint Ida, swung rraind to the south rid 
that ancient shrine of the Minoans, Kanidri's, and, doubling the soutlieni 
slojios of the mountain, crossed by a rich valicy Hie eparchy of Aniarion, 
r.nd ended in the northern port of rictliyrno. 'I'laa northern sIo])o of 
Mount Ida, is a stronghold of the old race; the soiiHiein is not, because 
it' was crossed by a higli-road of immigration from one base to anothci'. 

In all this i w^ould not be misunderstood. I do not attribute the 
hi-achyceplialic increase to the Turks, hut, taking Hieni as guides, I 
ha\o attempted to show h(‘W similar and earlier lines of settleuient and 
cojiimuiiicatioii, pursued by numerous invaders, all liiciad-ljoadcd, with 
the exception of the Saraca.ms, would account for the present hedging in 
of the dolichocephalic element. 

Before I pass to com])arisons of slat m o let mi' add some evidence 
from modem skulls. In tlie garden of the famous mouaslery of Avkadlii, 
lu'sieged by the Turks in 1860, is a memorial tow'^cr, the bottom of 
whicli is filled wnth some luindrods of skulls of fallen heroes of the 
revolutions of 1821 and 1866. Di-opping througli the floor into Ihii 
gruesome depths behwv, I selected 26 crania, wliicli, on examination, 
yielded an average cranial index of 74'2. Of these, 64: per cent, wi re 
dolichocephalic, find only 12 per cent. bracUyceplialic. These figm i's 
are almost identical with those of the Minoan skulls. Avkadhi is on 
the north-western slopes of Mount Ida, a few miles from the Myin- 
potaino border* Although not all the fighters came from the imme- 
diate nelglibouvhobd, yet they probably hailed in the main frt)iii the 
inouiitnius, 
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Stature 

The-'ftverage slofcuio of Orofcatis to-day is 1,685 min (5 fcfi 
()1 mchc»5), a consiclinblo mcrea^e on the fJSiimoied stature of fn< 
cjncif nt Cretans, whicli w is 1,62 ) ipin (5 feet 4 inches) In t|io st 
the avenges ue Koi the epudue^ ol Kidbonh 3,72*1 mm C> fdl 
7-J inches) viid Spli ikn 1 711 inin (5 fed 7]; inches), duninishing n 
the oist 1 ; M I 1 601 min (7 hot 5i nidus) ind lluripcii i 

1 665 mm Ihc shii h s stituu luijipfu oul hy (paiclntb 
ctoiihng to ffphilic iiult \ ui bv inoimi iin and pi un oul> i 

seeming confuMon willi liiil one oIimois tiuid in nuu i ( in stiiuK 
is\\o]oinL\ nd 5(1 Mli nk it is pt ssibli 1o dislm^nish son i 

sigi ificmil 1 n Is ii 1 1 h {i i it conliisun 

riu fn si J ilut tl ] nc 111 lli( pliins i w ilh some o\cc pi u » 
bhoilcL Him Hie sc in Hi nn nit nns 

] Ik tr )i d s i i iM k 1 n^ Ju id i 1 ih i IJ n Hi 1 ojd be id i i 

I j c uL c J JO I } t ( I u I il r i 1/ s } ( ' i i ni i jOi il\ r I 

(ioliihoic I hils (1 i J i 'y il ill } It oi f I •'b si 

hope to bnt t 1 It ^ ^ i b 111 Huy lii\o inciLiSfd in btitnu 

t a Inglici K M<k \\ i \ I n i Hid thi Mmoms lo i slu ii 

pioplf ml d 1 (U ( 1 H K •'l Hus np\ ml tinul in std m 
Old ml lid 1 s in ] I „ lu 1 I / 2 / ‘. 1 / Ihis fact comos out 

inox^. ck il \ K 1 111 nil ih li Hk mount nn aiOis \\heu \\» 

h^^o \1 k id\ 1 I 1 (1 1 1^1 I III liisdhi, wheie the oepli du 

11 dc\ \ id lb pi c p( H K 1 < f ] ^ ^ mIs to 1)10 id be uU of the Miiio ms 

is alnio^^r o\ cik ii[ \ d c ^ Hu ndi^^i ilnu foi 09 men is 1 G7h 
mm m 1 cir r[ >1 i i i n 1 s ii Hu Almonn T,\ornge 'J he 
dolidu c [bd rM In • ^ i i o( ( ol 1 f)S5 mm , comp iicd wilb 

16H>mm bMlirtn ' | I ^ i inlboMnco oi tiu iioiHx ni 

I c i of tbc V ’ 1 5k 1 1 1 1 1 \n i>,( of I 7 10 n in foi Hu 

do] dun j 111 i d I d)t I 1*1 lMb\(c[»1nly Ihis me iciM d 
si duK )f H (1(11 i] ] d I II i j 5b s iM Mr int iins and M\lo 

jctimooiiHu 1 (lu I id r I AT 1 Id I ^IHiou b lu this list c is( d 

1 uibiC('db}H nckij iftU] ( i h stiuck m* 1 ig( is of K mu nki 

1 lumb t iinkiu \ 11 1 ^ ti i 1 ) 1 )isii ^ in ’ I (.nn (cak), not o\( ii 

Hie ])i luicc ( 1 1 si i< II I i< u si Millet Ihil T hive come acioss in 

in> wiiulciiii^ m C id( JIi ( Hu ti ig I tine of 10 men \n is 

1 ()()() 111 ! (lilt iiidu ) (111 \n Hici c\ nijdc of the effcci ol 
povcity on si itm ti lu io ind in the islmd of (rivdos (auc CJanda) 

^ luio Ibo 1 AC 1 i,.c (f 20 nu i w n 1 (>34 mm (5 feel 4| inched), com 
] lud with Hun lu nest luidbom-^ md kinsmen, the Sphdkiots of 
\ bom 2S1 md in )\fnge iin^lit < f I 7II mm f5 feet 7] inche^. 

Ibt tlijid fut, die id} riobd, is tluil tl e jitopk of the western li ill 
(»f tlu id ind SIC Ldlti Ibui tluw of the c islcm half Both dolidio 
(fplnls md bi ichyccpb k uc tall, ovci 1 7rM>mm (*5 feet 7 indns) 

I 1 1 Hu fonnoi hi\c i slight dvont ige T.bo distubutioji i|^ heie sonu 
\ I picubai On llu' noitlein bide of ibe mountain are HU long 
]i( id on thf' fioutlicrn, tnll bioad-heids^ in a neiglibourjng opareby 
f sIkjI l)ioad heids alongside tall long-honds The pn/zle is to 
I L unt f 1 till t ill Irnghcnds and bioacl hcMcls in the wcat If tluu 
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Was a Dorian invasion^ ifc appears to have made its entry on iJie soiilJi 
coast into S61iup,;?^fi^.1ba.bracHycepM ouWm 
by tliroo to oiieVyaiidrW whei^ ftlie ^tioja threetj^wo, oiul 

86 out of 1,700 mm. in jfeiglit/ The .tair 

c(^|)hal of Ihe -^i^^; 3 Biceeds the long-head of the east ni: Stature by at 
least 40 iimv:''; 'A comparison ot numbers and percentages of 
l)oLli talf and 'short dolichocei)!ials and tall a!)d -sliort brachycephals 
throughput the island reveals an abnormal number of tall dolichocephals 
in KydBoniV'and the neighbouring region. In other words, everywJiere 
else the ratio 'pf tall long-heads to short long-h(‘ads and of tall hroad- 
heads to shoit broad -heads is approximately tlie same; here the tall 
dolichoceplial is to the short dolichocephal as /)<) to"i. Is this due to 
differences pf soil, A?rtility, a hetter-wateix d country, or to special social 
conditions? After, careful considcralio]i 1 do not think so. Tlio sug- 
gestion has been made tliat ilie greal slat m e of Kentucky men is due 
to the bone-building cjualitics of wntcj- in a limestone legioii; but in 
(Vole, speaking generally, it isllieeast that is a liiiicsiono district, while 
the west Is cpinposetl of tuJe-srhists. 

Nor do I‘ think it necessary to call in an invasion of lull long-lieads. 
May not the Ivydhouians, whom llomcr (OtI. xix. 17G) mentions as 
one ot the, peoples inhabiting Crete, have ]>een ial lev iban the Kieocrelans 
of the eastern half, whose stature we have estahlislied as 1,025 mm.? 
We know that a branch of ilie Moditevraiioan race, called by Dr. 
DenikCr the Allatito-Mediterraner.u, v. as of gicalcr statm’e than the re.st. 
I’lui western end of the island is as yet an avchionlogical blank, well- 
nigh until classical times. We have no ancient skulls or bones from 
tiie west, saving a tiny fragment frojn a ]»avilion-sli:iped tomb belong- 
ing to the end of the Minoan ora. 

The records of stature for Kydhonia me shaking. One hundred and 
sixty-seven men from UiC whole of the t'])archy average .1,723 mm. 
(5 feet 7| inches); 07 dolicdioceplials average 1.710 mm. (5 feet 
8.1 inches),, of whom 25 exceed 5 fetd, 9 inciies in stature. Out of the 
JG7 persons there is hut «,ajo short dolicljoceplial (under J,650 mm.), 
and in the i^igliboiiring cparch\ of S:’]ino out of 83 there is not even 
one. This Wll dolichoceidial also exists io the nuinher of 30 out of 
2S'l: persona measured in Sp.hakia. li. seems much more likely, con- 
sidering the isolation, pride of endogamy, and h(‘llicos(* nature of tin* 
Splidkipts,-th’dt these tall long-heads are tlie ]’emnn?its of an earlier 
race rather than intruders since the S[»liakiots llicnistdvt's. 

Turning tp Siifa in the oxlrernc oast, vvhere a moderate upland 
presents no sharp contrast of mountain and plain, wJiero the brachy- 
rophal§^ outnumber the dolichocephals by nearly live to two — a com- 
[deie pf ,t4p,thne when the Minoan dolichocephals were to the 

i)rachyoephals .as eight to ono—rtho increase in stature of the modern 
lo'jg-hoa(|'fe,'|ipt^ to 1,G63), and he is exceeded in statuixi 

hy the ibtru|in^.‘ whoso stature is 1,678 mm. 

sum modern .Cretans. the dolich^^^ are generally 

tailor than theybt^^^hols.^ dolldhdcophals in the mountains 
are taller tlian theit ancestors, tKe Miimftns, who lived hy llie sea. 
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The excepiioiUil inlluess in ilie west of the bracliycephals seems io be 
due to early inroad frorfi the iiortli ; that of the dolichocephals of 
the west may be due to the greater stature of the ancient Kydhonians as 
compared witli tlie Eteocretaiis of the east. 


Eye-rohnir, 

There ronudns a woi’d to say on the colour of eyes. These records 
are only in course of lalndalion; I speak, therefore, from a cursory 
perusal, (Massing })luc, gr<'y, and green eyes together as light, in 
contrast wi'ii the Jiazcl, light I)ro\vn, medium brown, and fonce^, I find 
there is a sornewhal surj)risingly high pcrccMitage of light eyes lor the 
whole of -namely, 20. O'lit* percentages vary from 18 in Lasithi 

eparchy to dO in Silia. The distribution offers no obvious clue. Tjiglit 
eyes are about ecpially divided between east and west, with the highest 
and lowest a\'eragcs in the east(;rn lialf. Kydlioma 34 per cent, and 
Sphakla o‘2)j per c(‘ni . in 11 le west ate matched by Pedhiiidha 33 per cent, 
and llicrapetni o\ }H:r cent, in the east. Selino, next door io Sphakia, 
has the low avcv;ii:>' of 21) ])cr cenl., and compares wvt\\ My\op6tamo 
25 per cent., wliic'e two ( ])arc]iirs fonu so strong a contrast from the 
point of view of I lie proj>oiiion of long-heads to broad-heads. Selino 
has three hrachyceplials lo (*very doliclioceplial, and Mylopotamo has 
three dolichocephals lo o.vcry braeliyeephat. 

Speaking of the island as a wliolo, the numbers of light eyes are 
equally divided hv-iWeen tiie sliort atul llie tall, the dolichoceplnils aud 
the brachyeeplial.s, in proj-orlion to tlio nuniher of individuals, so Ihat 
apparently it is impo.ssil)](‘ {o distingiiisli Iw percentage of light eyes one 
type, from aiujlhor. f[(Avever, cllmical differences may lie concealed 
under diverse eom’oinalions in different areas, and further study may 
reveal them. 1 fail to tr.Kv, what is genernlly ex[)e(;ted, a greater 
frequency of liglil (-yes in llu' mountains, l)ut it should he rernemhen'd 
that tlu'jn*edoniiijai:e(* of Uh; older hrim(‘tte race in these areas furnisJies 
a more than counleraeiing traidencv. This is well illustrated in .Lasjtlii, 
which has the lo\vt“^l jjcnamtage of light eyes (18), as well as the do.sest 
aj'proxiination in liend ineasnrenKsils io our records for Minoans. 

lly census (»f school-eli.'ldren taken throughout the island, 

whetlier compared in ii>io or by e|>nrchies with adults,' shows a sur- 
prisiiigly diminislied average, 18 per cent, instead of 29 per cent. Tliis 
strikiiig difference, ohtuiiK'd from figures carefully gathered and com- 
juled, calls for a r.adieal explaiialion; but, apart from such, is there here 
a tendency lo r(wer.sioTi to type? 

I am only too conscious of tlie fragmentary condition of this report, 
of tlie many characteristic.s and questions of variation which do not 
receive mention ; but the material is gathered, and in the main tabulated, 
and i>- should be only a matter of time before the obaervatibns made 
thrrjw light on questions of migration and descent in the most iiileresling 
island of the Mediterranean. 
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la the course of a journey in 1903 fiuin Cuiidiu to Palaikastro, in 
Crete, I had the opportunity of measuring and observing a number of 
scbool-childrcn (fifty-nine boys and tw^uity-fivc girls) at Yori, a small 
village distant about live miles from tlio. soutliei’ii coast of llic island, 
near the traditional site of ‘ Pair-1 lavciis,’ and about two miles from 
the well-known prehistoric sile called Phaostus. lialer on, in the 
same year, I supplemented these measuremcnis by the addition of 
twenty more records for schoolboys of corres})oiiding age at Palaikastro, 
or, to be more strictly accurate, at Angatbi, the neighbouring village, 
one of the most eastern setilements in Orclo. A preliminary report 
was submitted to the Commiltee in 1903, and published by the British 
Association in the Southport volume of its Proceedings- In the pre- 
s(‘iit report I have worked out tlic data more full\ than was possible 
in lOOSjTfcCind in this instalment I shall deal principally witli the data 
relating to Cretan boys, since they were tlie mor(3 numerous; moreover, 
comparisons with adult mules are more easily made; and, lastly, it is 
interesting to compare the. results with lliose obiained hy me last year 
in the south of Aragon, in Spain, fiom one liundri'd sclioolboys of 
comparable age. For the publication of the iccords frotn Spain I am 
indebted to the Council of the Cambridge Antiquarian Society. 

Little need be said aboui the conditions of life in Crete ami the 
character of the land, for recent writers have d(.‘aU surhcieiV.ly with 
tliese que.st'ions. 1 may, ?io\vcV(‘r, stale ilial my im))rt‘ssions lead me 
to believe liiut these conditions ai‘e not very differiMit in Crete and in 
Aragon. At the same time I must add that l)oth the Crelan villages 
visited ar(‘ within the zone of malaria, that I. saw undoubted cases uf 
the sequels of malaria supervening in childhood, and that this liability, 
which is probably minimal, or absent, in ilie pai t of Aragon available for 
comp.arison, is im[)Ortaiit in its relation to. and oftects upon, physical 
development. In fliis connection sjiecial nuMilioii is made of the fact 
that the phvsiqiie ©f these (Vetan children is fiiHjuently, if not. univer- 
sally, poor, and often a boy was found to claim an age in years greater 
hy about 30 per cent. Ihau that wliicti we would Iiave assigned to :i 
British boy of, .similar stature and physical development. The lelatiM*- 
poorness of ihe food, both in quantity and quality, taken together with 
their unavoidably' exposure to extremes of teiuperalurc according to 
the season (for tb© winter is often* severe in Crete), contributes to a 
combination of circiunstahces wdth which this deficiency in corpoieal 
development can be justly charged. 

1910. 
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nKvoivm ON Tim sitatn op hcIkncTs, 


A. — CHF/V^iN SCHOOLBOYS (^ges from 5 if) 16 years). 

Obsej^vationB were made under ihe foll^vving lieads 
1. Colour of the hair . — Table L exJjiBitjj.the resulti;of thia. 'investiga- 
tions carried out; — ' ■’ ' ' 'Vr.' 

Tadije I. ■ -Af/mher, Ilair-coJour, Bye-cnloiuy and Agei/} 

Mean- Age 9*9 ymrs, ' . 


Seveuty-ui\io (‘retan ^ehuolboys at Vori and Palaikaatro 


-O 

Hair-eulovir 

Kyc-colonr 

Age • 

« 6 

Hair-colour 

Eye-colour 


Agi 

i 






r 



Ivorii 


1 

Vori : 




1 

Jet black . 

Dark brown 

6 . 

43 

Brown 

Dark brown 

« 

7 

2 

Fair . 

Dark brown 

8 

43a 

Brown 

Dark brown 


7 

3 

Brown 

Dark brown 

8 

44 

Darlc brown 

V. tlk. bro\An 

a 

9 

4 

Dark . . 

Dark Jirow n 

7 

45 

Dark brown 

Hazel. . 


8 

6 

Fair . . 

1 Grey . . . 

8 

46 

Black . 

Jot black . . 


5 

7 

Dark . 

! Dark . 

{) 

47 

Fair . 

Dark brown 


7 

S 

Black . 

Dark brown 

9 

48 

Dark brown 

Dark thrown 


7 


Black . 

Dark brown 

8 

48a. 

Fair . 

Dark brown 


7 

10 

Fair . 

Hazel. 

8 

m 

Very fair 

Hazel . 


8 

11 

Black , 

Dark brown 

15 

49 

Fair . 

Dark brown 


9 

12 

Brown 

Hazel . 

11 

50 

Fair . 

Hazel . 


10 

13 

" Fair . 

■ Gr(‘V-wroen 

7 

51 

Fair , 

Hazel. 


10 

14 

Black. 

! Dark brown 

8 

52 

Fair . 

Blue . » 

Hazel. 7 


6 

15 

Dark brow ik 

j Dark brow n 

11 

53 

.I<‘air . 

• 

6 

16 

Brown 

Dark brown 

11 

54 

Brown 

Dark brown 

* 

5 

17 

Black. 

Dark brown 

11 

55 

Dark broAvn 

Dark brown 


5 

18 

10 

Fair . 

Fair . 

Dark brown 

Dark brow n 

11 

19 

56 

Fair . , ! 

Green 


6 






20 

Fair . 

Grey-gr{*oii 
(arey . 

10 

s 





21 

Fair . 

10 






22 

Fair . 

Dark Iwown 

12 






23 

Brown 

Dark brown 

10 i 

1 

Dark brown f Dark brown 


8 

24 

Brow 11 

Hazel. 

16 

2 

Jet black . 

Dark brown 

. i 

1 10 

25 

Faif . . 

Grey . 

13 i 

3 

Liglrt brown 1 Grey . 


1 7 

26 

i Brown 

. JLaiel, 

13 j 

4 

Brown 

Ijight brown 


1 8 

27 

i Darkbrowji 

Ciroen 

13 

! 5 

Light brown 

Hazel . 


i 0 

1 28 ! 

Brown 

Darkbri>wn 

: 10 i 

6 

Dark brown 

Dark brown 


! 12 

! 28a' 

Fair . . 

1 laght brown 

12 

7 

Dark brown 

Grey , 


! 13 

i 20 1 

Dark brown 

, l^ai’k brown . 1 

I 12 I 

8 

Dark brown 

Grey . 


13 

j 30 , 

Brown 

: Dark brow n 

: 11 i 

9 

Dark brown 

Dark brown 


13 

31 

Jet black . 

! Medium brown. | 

! 12 i 

10 ' Light browji 

Grey , . . 


11 

j 32 

Dark brow n 

Dark brown . | 

i it> : 

11 

Dark brown 

Dark brown 


11 

33 

Dark brow'n 

Dark brown . 1 

15 I 

12 

Jet black . 

Hazel » 4 


12 

34 

Black . 

Dark lirown . ' 

12 

13 

Dark brown 

Hazel. 


13 

35 ; 

Brown 

Dark brown 

13 

14 

Dark brown 

DarkbrQW|t\ 


13 

36 

37 ! 

Dark brown | 
Fair . 

Dark b^o^vn 

Blue . 

14 
14 i 

16 

Dark brown 

r Daik Itfoiva 
IGiroy Jl)*- . 

• 

t 

10 

38 ; 

Dark brown 

Grey . 

15 i 

10 

Brown 

X^rk.|)rbwti 
Gre0tt>. , ■ ' 

• 

13 

30 : 

Brown ! . 

Dark brown 

6 : 

17 

Dark brown 


16 

40 

Dark ?>^wn 

, Dark brown 

10 i 

-p] 

Brown 

.Mediuhibrowii. 

13 

tl 

Fair . . 

1 Blue . 

6 i 

19 

Brown 

'Ssrk bnnvji 
'towl. . 


! 10 

l1 

Brown 

j Dark brown 

7 j 

.20 

. Light brown 

• 

! 7 


Di/Icrcnt colours in tKo ^me iiidividuah 
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The iin.nlysls of jLUisj table yields the tollowhig pereenlo ; 

"i ■ ^ , , 

'' TX^’-^^ait’-colour and Age: J^crcentagcs* 

. , Seveniy-niiif; CV«ian SclioolboyK 

Colour |no. I Moan Ago | (’olour Poi-Cout. 


Very fair ; 

4 1 ■ 1-26' 8 

3 ’car.s 

1 Light . 

1 32-80 

Fiir . ■. . 

! 21 ! 26-30! 9'05 

ff 

1 (adults 3-96) 

Light broivn. 

1 4 i 3-04; 8-5 

ff 

1 3Iedjnm . 

! 22-1)8 

Rrown . , 

' 18 : 22-68 1 9-0 

>» 

1 (adults 13'3) 
f 

hark brown . 

i 22 ; 27-76 ' ll -2 



Dark . 

Black . ; 

I 2 i 2-52! 8-0 
i 7 ; 8-82 ■ V7 

1 

” f 

Dark . 

1 44-14 

■j (aduKs S3-I) 

Jet black , , 

1 4 ! 5-04 10-0 

1 1 

„ 1 


( 

Total . - . 

1 79 i 99-62 ' 9-9 





I Moan Ago 

! j 

I S *92 years. 

I 

I 9-0 / 


* i^rom my observations on adult CrolaiiP. Jn England a similar progressive 
darlvoning of tfio hair is the rule {cf. HniiKh -d.5fs'oc. /^v^rw/.l 8S;i, Table XL, pp. 278, 279). 

■rins statoineiil- shows tliul Hi;' daiker finis of hair coloration arc 
})i’C‘|)OU(lcrant; also tlwb ilic ipfltionco of in this I'cspcct is as dis- 
tinct as in otlier cases; and the ^^ciusal niir as lo the tlarkenin^' of the 
hair during the period from cliildhood lo jnatiu’ily is evidently followed 
in iliis insjliance. ‘libr couiparisoii witii anoihcj’ instance from SouHiern 
Europe I give a ainiilav table for 100 scliool-diildron at Alluuna de 
Aragon in Central Spain. It shonl.] he nolcd that this table diffoi’s 
sliglitly from that published by me in tiu* Ih-m-eedings of the Cambridge 
A III iijuarian Society (vol. xiv.). Tl'?' talile thoro pulilished ha.s been 
n-vised, and stands as follows: — 

f 

Tabu: l\l.'~-TI.ah'~eolmir of 100 Sf hotohnifs a! !//»<» /an dr. Aragon. 

Colour .Per ( 'fvt.- M»‘au Agr. (’olour Pi rtV'utJ Ali\tu Ag<* 


: Very fair 
j Fair 

: Light brown . 
i Medium brown . 

j J>ark bro^vn . . 

j Jot black . . 

; Red • . * 


3 7 

G 8*0 

10 8-31 

32 ; 8T2 

30 i 8-77 

7 9T1 

1 12*0 


l» 'T i . ■ 

tl2 ” } 

” ! : Dark . 


S-21yc*niv ! 
8-12 „ 

8-83 „ 
120 „ 


hi this the full details arc not given) the. general 

significance iii^^e;sai:u<^.{oi* Aragon as for Crete. But the depth of pig- 
nientationia dS.u%tegi^l^1^^ Beddoo/s * Index of Nigrescence ' 

is +25 (cf, pf a Pase of red hair among 

the Cretan and I recall to mind but a single 

in.4ancCi in cither in that island. 

' R 2 
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VvKPOKTS ON TJIK STATK OP 8UIKNCK. 


Willi regard lu the asbueialioii of hair-colour and eye.-coluur I may 
nolice tliafc in general ihe usual rule applies to Crete, that is to say, fair 
hair or light-coloured hair may be accompanied by dark eyes (cf. on this 
point the paper on Aragonese school-children, mentioned above), wliereas 
it is much more mmsual for llie reverse combination to apjiear. 
Tfcre, at Palaikaslro, this unusual combination did actually occur tv^ice. 
Tlie dark-brown hair in these boys was associated with eyes of a grey 
lint merging into tiie lia/ad colour so dislinclive of many Cretans. 

In tlie majorily of instances Ihe hair is slraiglil or somewhat wavy, 
but not closely curled. 

If. Cohmr of llir — 'l'm*ning to Ihe dala (provided in Table IV.) 

for the colour of the eyc's, analysis gives Ihe following summary of the 
records : — 



’'rAiu.i 

IV. v.r 

-roJuui fun/ -If/''. 



S»‘\ ( 

‘iity-nine (hM‘t:in SchoollMiys 


(.‘oloiu* 

.. ' I’l-I- i 

■ (Viit. 1 

:\Tt'an Ag<‘ 

1 (’nl4*ur ; J*cr (Vnt. 

I 

Mean Age 

Blue 

a 3-75 

S*0i» years 

r 17-5 

0*2 .years 

(irev 

9 11-25 , 

11*10 

^ IJghl s (Aragont 13*1) 

(Aragonf 

(.Jrey-greeii . 

2 : 2-50 

8*o0 „ 

1 (Adults 21-23) 

7*14 years) 

(ircen . 

3 3-75 

1 1-(>0 „ ' 



liight brown. 

: 2 . 2-50 

10-00 „ 

: f 25-0 

i 10*5 years 

Ila/Al . . 

13 ir)-25 

10 07 

Medium, s (Aragonf JG-5) 

i (Aragonf j 

; JMcdiiim 

i ! 


1 1 (Adults 65-08) 

i 8*98 years) 

bro^\ n . 

! 2 ' 2-50 

J-2-50 „ 

1 


, bark 

1 1-25 

9*00 „ ^ 

1 


j Dark b^o^^ n . 

; -13 53-75 

9-90 „ 

! [ 57*5 

0*6 years | 

j A'ciy (lark 

1 

1 ‘ 1 

1 

1 

' Dark . *1 (Aragonf 40*4) 

(Aragonf | 

1 brown 

1 1-25 

0-00 .. 

((Adults 1 2*98) 1 

8*27 years) 

! Jet black 

: 1 ■ 1-25 

fl'OO .. ' 




80 *ioo-(>u 

O'OO 




♦ Oji<; indivitlnal (Pk. 15) lauaiig ( yt*s of diileront colours, is counted twice. 

t Comparable data for 100 sclioollxjys at Aihuinif de Aragon, Spain. 

Upon iliis table I would comment as follows: Uii\st, the gradation 
in depth of pigrnenlation does not follow the same sequence in respect 
of age, as vvas oliserved to obtain in the cas(3 of the hair. In other 
words, tlie eye-colour is seemingly independent of age in years. Again, 
tlie Aragonese sclundboys pr{>vi{le exactly the same characteristics as 
those of Crete in this feature of eye-eoUiur : the percentage figures for 
both series of children will l.)e found in the table. Lastly, the adult 
Cretans scorn to provide a contradictory result. This paradox may well 
have a two-fold explanation'; ¥oy Uk^ adults include a large proportion 
of men from lire most eastern jii-ovince of Crete )Sitia), where I siis])ect 
the Tnedium tints preponderate. A second contributory cause may he 
found in the fact that I was obliged perforce to observe the adults in 
the open air, often in a strong light. The children were seen in a 

* In J^ngland the eye-colour seems to darken with ago to maturity, but not 
nearly in such marked degree as the colour of the hair (cf. British Aasoc. 

'rahle XI., pp. ‘278, 279 ; also Boddoc, The Uuxley Lcciwft^ 1905. 
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sclujolioorn, wlicire the light was to some exieiifc subdued. I am ii<> 
aware of tiiis matter haviug been tested, but on rcllection it socmus iikeiy 
that where the pupils of the eye are dilated, then, in the dim iigbl 
produeiive of that effect, tRe narrow iridic zone (which is all that 
appears) may be judged to be of darker tint tlian when the reverse (‘on- 
dilions obtain. At' tiie time I did not think of tliis ns a possibly dis- 
turbing factor, but, in any case, tJie bulk of the schoolboys (tJiosc ni 
N'ori) were first exainiriod, the men coming in cnly at a later date. 

Reference should be made to the taliulalions (in Tables \1. and Xll.) 
of ilie association of hair-colour and o\'c-colourj and also of the indices 
based upon these data. 

[If. Head-leiu/th . — The mean value of this dimension in seventy- 
nine boys (of an am'age age of years) is 173*2 inm. Tin's is the 
givatest length measuralile from the glabella. But., as in tb(j Aragoliese 
and in other scliool-cliildren, the maximum head-length will bo found 
between a supra-glabellar (i.^n, o}»bryonic) ])oint and tin occipital point. 
The gradual increase in this dimensiou may be illustrated as follows : — 

Mean value (in nun.) of llic maxinumi glabel!o-oc(*i])ital length of 
('retans (males only): — 


(a) 

Boys of the average, age of 0 yt 

liVA ( 9 eXHm|)le.s) . 

. . 171-0 

mm. 

(i) 

ft ft 99 *t 9'9 

( 7!) 


. 173-2 

»» 

(<■) 

99 99 99 lo 

( 7 


. . 179-4 

»» 

(d) 

Adults from all part.s of Orete 

(2(»0 


. lS(r3 

t9 

[a') Boys of the average age of 1 1 • J vv 

are 





from Sitia province . 

. ( 20 


. . 171-2 

ft 


Adult Oetaiis of Sitia luoviuee 

. (131 


. 170-3 

99 


Tin's table sliows that the incr(‘asc in lieatl-leugih coufiuues after 
[)ubei’ly. Tlie ainounl. of this later incivase is not nearly so great as in 
a distinctly doliclioceplialic. Ivjie, such as tla^ native Aragonese, (''om- 
parisoti of tho figures with those* provided hy Aragonesi* scliool-boys (and 
recorded by mo in the * Troe. C'aml)r. Anli(j. Soc.', ^ol. xiv.) will show 
Ibo correctness of this ciaichision. It should Ik*, noted, lastly, that llii; 
iiiliabitants of Sitia province .?liow ;i smalh*r relative ii\creaso (cf. si*etions 
(o') and (/>') of the table) tliari Cretans in geiie)*al. 

iV. llcad’hreihUh . — Tlie mean vahu* of tfie liead-bicadth is N(r2 
(79 examples); its mean value at diAereiit agi*s is shown in the table 
following : — 

Mean Value (in rnm.) of the uiaximum copbalic breadth y^of (‘ri'tans) : 


(«) Boys of an average age of G y(‘ars . . . ( 0 example.s) . 

[ft) 'riio whole series ; Qiean age 9*9 years . . ( 79 „ ) » 

(r,) Boys of an average age of 15 years . . . ( 7 .♦ ) . 

(d) Adults (males) from all parts of Crete . . (2(K) „ ) . 

(r/') Boy.** (mean age 11*1 years) of Sitia province (20 „ ) . 

(L') Adult (males) of Sitia province .... (131 „ ) . 


1:35*1 min. 
110-2 „ 
1431 „ 
148*3 „ 
143*0 
148 7 „ 


In this Case again the increase is comparatively continuous, and llu* 
smhlen acceleration after puberty, so mai-ked in the (lolichoc(‘]>hahc 
Aragonese boy, is hardly noticeable in Crete. Moreover, tlie boys of 
tlu*. Eastern province have heads which are even more jirccocions in 
aitaiiiirig tlie ineau breadth for the ago of puberty than tliosi.* in oilier 
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ilislj'icis. At, ilifci same lime, the sam»- liciuis (ol’ \ouilis i Sitia 
province) iuive to ‘ imilic ’ a greater anjc/imi ul g)‘u\vtli lu‘U>ri Hii.s is 
cQjnpleted. 

Y. Cej)hciUc Indej'. — Thu mean valufe uf lliis index in 7i) I 'vs is 
80 9. As ill tile oases of its conlrilnitory factors (liead-lengti and 
liead-breadth), I have prepared a list of data giving llie values oi this 
index at different ages : — 

Mean value of the cephalic or breadih-index of the liead (in Cretans) ? 


(fl) Boys of an average age of 0 years . . ( 0 examples) 

(&) The scries (mean age y*9 years) . ( 79 ) 

(c) Boys of an average' age nf l."> ^ ears . ( 7 „ ) 

(d) Adults (iiKiIes : from all }>ar(s) . . ( 200 „ ) 

(r) ‘ Adults (males : from all parts) . . (lOOO „ ) 

(/»') Boys (mean age lJ-1) of JSitia province (20 ,, ) 

{!/) Adulls (males) of Sitia province, . . ( llU „ ) 


79*2 mm. 
80-9 „ 
79*8 „ 
79 0 „ 
79*2 „ 


. 83Ti3 
. 84-3 


Having regard to the small ruinibcr (>f (Aanipli^s in (a) and (r), 
I think the first conclusion must ])e In general, tlie numerical 

value of this index is very consUinL from childhood oinvards in Oivle. 
This is not th(* case in Aragon,” wheri' liie index changes aftia* 
puberty lo n cojisideralile d(‘grr*.e. TJiis dinerence may very likely 
>^ 6 * conifkfnl for i/ic conirnst of doUclioccphallc nud braciiycepfudie. 
heads. If wo confine (}ur uiicntion to ("rciOf nnoiher inj/ior/anl 
iniereuee may be drawn iVtan the last table. It is this: that the most 
eastern Ch’eians are disiinguisbed by a degree of brachycephaly 
higlier than the avernge for Ihal island, k marked degree of brachy- 
ce.phaly is already [uesenl in the young (h’etan of Sitia (the Eastern 
jirovince). 

As regards the siguihcancu of lliis frifferonce, I have already sug- 
gested that iht' hislory (»!’ the large number of colonists introduced 
by the Vonelians (ilurijig Iheir oceNj)aUon of Crete) is woll wortli 
invesiigniioii. The modern peas;iiii of Emilia has a head characterised 
by bvachycepbaly in a high degiec. But Venetian, coloniBts need not 
have been, and })ioh}i])ly were noi, drawv from the immediate sur- 
roundings of Venice. V'hcu we consider the influence exercised by 
the llepublic over llahuaiia and Illyria before the Venetian expansion 
commenced on the llidian side of the Aiirialic, we may justifiably think 
of those territories as possible sources whence Crete was re-stocked 
with inhabitants in the*, later Middle Ages. In fact, we klljgw that in 
the year 1471 a.tu the luovince of Hitia was largely depopulated. This 
is clearly shown by 11 le Venetian Arcliives translated by the late Dr. 
Noiret,^ and Adrovasti is actually mentioned in a list of the abandoned 
villages. This depopulation was effected by marauding bands of Turks. 

Jn Dr. Noiret’s invaluable translation I find evidence' that the 
interest of tlie Venetians was almast entirely in iheir settlers, , who seem 
to have been of Italian origin. In a list of thirty rseven names of such 
persons (who had got into trouble through raisinjg: loans which they 

* Hawes, '.4 «5oc. Dublin, 1908. ' 

* Cf. Ducku^rth, op, ctt., p. 44. . • (Jf. British Assoc. Report, 1903. 

^ Cf. Bibl, des Kc, fran^ams d*Athbnes et de Rome^ fasc. hti. (1892), pp, 620» 621, 
Univ. Lib. 636c, 40, 34. 
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pi-DV^'d un.d)lo to epay) I find not. one definitely Greek, but iho lunno 
S^-lavo oc'Tivs tb'ice.^ This was m 1428. 

Jhit in 1390 n i^cord * throws a little light upon ilio Venothui inetliud 
of d(?aling witli ibe aboriginal Cretans, for on June 28 of that year 
ih i‘eissiie is inabo of an earlier order dating from 1304, whereby pro- 
hibition is enacied of settlement, of agi-icultural labour, and of sowing 
eorii in the .plain-. of Lfisithi and on the aiuTounding licights. The 
penalties are;sey®re, and evidently the native refugees in the hills were 
to be given' no oha3|ce .rf looting stores or crops. 

But direct references to a native population are wonderfully scarce 
in these Archives. 

As regard? incoming ethnic elemenis, there are only three records to 
nolico. These, though vague, are not by any moans without interest. 

The earliest is in 1414,^ when Ahraynns Anteron, ‘ tlio Armenian,' 
seeks permission to bring from Trebizond 880 ‘ families ’ to espape from 
ibc ‘ Turks.' lie wishes to bring those familios to Croio; he is given 
Ins choice of Euboea or Crete: promis^js arc luaile of good ii-eatiYient, 

' (piod loca nostra repleantnr gcnlihus ct s))eoinliter personis quo (.svV) 
(piorunt vivere pacifice, juste ci ex sndorc sun. ’ 

Then in 1417 * peritiission is giwn io tlio Cretan Government to allow 
Turkish prisoners to establish {licmselv('s and llioir wives in Crete. 

The last record is in when ordt'is :nv. issued tor the protection 

of forty families, refugees from the island of Sb. Uerinis (Saniorin) to 
Crete. 

To my regret, I have })ecn unable io pursue this ipiest further, 
either by inquiry on the spot or in li])raries, e'\rei>t in icgard to iho 
names of these Cretan childreii (cf. pj). 2Ub * 200 ). 

I will conclude iliis part of the discussion with the mention of a 
fact that struck me very forcibly iu the Balkans- -viz., the great simi- 
larity in bearing and characfcT iluit (Io niy mind at least) exisls between 
the Montenegrins and the (h’elans of Silia ([)rovincc). If iiorrect, this 
would provide additional support to Uhj view I bat South Slavonic 
elements are io be looked for in modern Cretans ; and herein lies an 
explanation of the marked enutrnst, in n*hpect of skull- form, between 
the prehistoric and historic inhahitanis of \he. island. 

VI. Variability in head-lengthy head-bread Ih , and cephalioinder (in 
Creta 7 is).~The calculation of the value of the staridard-deviuiion for 
three characters is given in Table V., wit h some comparable data for 
otlier groups and nationalities, flcre it must suffied^to remark that the 
value of the staTidard-deviatipn of the cephalic index iu the Cretan boys 
Tucasured by rnd doe? not greatly differ in value (4*8 for seventy-nine 
boys) from the figures (4*1) provided by Mr, Hawes for the 1,6Q() adult 
Cretan irtfen measured by him. But botli young and adults provide 
figures indicative of a|:relatively high degree of variability, and indeed the 
contrast between," and Sejiuq in respect of the mean 

value of the cephalic. i'rfdex. has already einplvasised this point. It will 

' Noirot, opi cit,i p. 32$. , ® Noiret, op, cit, p. 30. 

* Noiret, op. cif,, p. 226. ^ Noiret, op, cH., p. 264. 

Noiret, op, c**., p. o46. ® Briluh Assoc, lieporly 1908, 
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lip noHocd tliat ilic ('^r(‘lau ])oy.s nro more vanaMc ilian the men S for 
ilie hoys as against tlic 4’1 for the men). Tlpivin :x general rule (h 'imi- 
latcrl as ilic results of many hundreds of observat ions by Koberts, J oas, 
and Bowdiicli) appears to apply to Crete as well as to England and llic 
United Slates.^ 

Table V. 


Dimension 


1 j Ihftd-lcngth. 

! 1 ; (Vet an .Sehoulhoys . (O-U) 

! 2 ■ Arairoju'se ISehoolljoys . (t^'5) 

; j Jlfaddiiradfh. ' 

1 i (Vetan {S<'b<>oU)o\,s . {^*0) 

I 2 i Arajicuiese Sehonlhoys . (S'o) 

Ot' filial U' Imlf.r (on h'r/nf/). 

/ ' Cn^ian Adiilia (Hin\c.<) 

, (Malc.<) ... — 

2 ; Cn'fan Sclioolhnys . 

' Araf^onese b^chnolboys . 

4* Hntish Ijoys 1 Herts) . (Slot A) 

' BrilwK Boys (beddoe) . (18) 

OJ American Sehoolbo\ s . d)) 

It American »Sehool})(>ys . 


No. of 

= 

! Frob.l 


I Frol). 

\ 

1 Frob. 

G'%- 


1 error j 


i error 


! error 

riA- 

ainples 

o: 

i of ' 
Mean 

1 

ct 

1 1 

i <' 

V / 

\j of 
^ C. 

\\ 

79 

173 

O-uOS' 

6-67 

i 

' 0-353 

3*85 

0-203 

100 j 

178 

()-354 

5-25 

! (»-246 

! ! 

2*95 

; 0*140 

79 

HO 

0-504 

()-65 

0-352 

4*75 

0-2.54 

100 

138 

0*285 

4*23 

0-108 

3-07 

0-140 


ItitH) 

70 

0‘0m 41 . 

0 048 

.5-2 

0 002 

70 

HI 

O 'Ono 4^8 

0-254 

5-92 

0-317 

1(^0 

78 

0*189 2*81 ‘ 

0*132 

3-6 

0*171 

57 ‘ 

78 

(K285 3-20 : 

0*201 

4-1 

! <»-258 

200 , 

78 

0*128, 2*70 ; 

0*089 

3*45 

0T16 

135 ; 

, 80 

0*216 3*74 

0*153 

4*675 

‘ 0*191 

1003 

• 79 

0 068, 3*44 

0*051 

4-3 

0-004 

0()6 

78 

0-083i 3-08 1 

0*059 

3-93 

0-075 


Norih African JcAvish 
, B(>vs . . . . (dtolO) 


* From measnremenls bj" Mt'Psrs. ('ooper and Ward (unpublished), 
t From measurements reeordetl bv lieclcloc {Jonrn, Jioy. Anth. Imtit., vol. xxxiv. 

1001, p. 02). 

i From measurements recorded by West {Arrhiv. filr Anthr., Band xxii). 

§ From measurements recorded by Fish berg {Boa-s Memorial Volume), 


B. — Cim^TAX SC^HOOLGTTiTjS {ages fnmi /) to 11 years, the mean value 

being 7*7 years). 

Twenty-five C‘i*pl;in girls were examined at Vori, none being avail- 
able at I’alaikaritio. 1 be observations have been summarised in the 
order followiii.Lf : 


'I aiu-f, YT.- ITdir-cohnir and Age. 



'Jbve 

ntj--riv< 

C’oloiir 

1 No. 

1 For 
.(Vnl.i 

Fair 

12 

48 

Eight brown 

1 

4 

Ib’own 

: 8 

32 

D.irk brown 

4 

; 16 


M<*an Age . (\)lonr 

48 7-91 years 1 / 

4 CIK) „ \ 


IVr (\*nt. 


Mean Age 


52 I "7*7 years 

(Boys, 32-76) ' (Boys, 8-92 ,. ) 
32 I 812 „ 

(Boys, 22-68) (Boys, 9-9 „) 

16 j 6-5 „ 

(Boys, 44-1) .(Boys, 10-02 „) 

* (!f. Ibe tablc.s ef>llected bv Jepkinson in hif* Ex/peximenlql Kmhn/ology, ()xford, 

1009, p. 73. 


Medium | 


Dark 


{ 
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Tlie smaller auTiiber of examples is accountable for tbc lack of dis- 
tinctness in tin association of age and hair-tint. I have no doubt but 
that a longer sc : ies would show clearly that, as among the boys, the bair 
darkens with age. Probably, also, the condition observed in this country 
would also obtain — ^viz., that in the female sex the darkening never 
becomes so marked as in the male. It is a matter for speculation 
whether exposure to the open air has an influence here. 

As regards the association of eye-colour with hair-colour, the records 
show that dark-brown hair is never accompanied (in this series) by eyes 
of lighter tint, although fair hair (especially, of course, in the younger 
girls) may be found wdtli dark eyes. 

II. Tlie records of cye-colour liave been summarised as follows: — 


Table VIT. — Eije-cohnir and Atjr. 


Twenty-live Cn*iau Sdiojilgirls. Ag«* 7 7 years.) 

. ^ 


(’ol'.mr 

No. 

IVr 

Moan Ag«‘ 

/ 

! Colour 

Blue • . i 

1 1 

4 ' 

] 1 >’ears 1 

Li«ht 1 

Grey . . 1 

( irctm , . 1 

1 1 

4 ■ 


1 

4 

13 1 

1 1 

Hazel . . 

8 

32 

7-5 „ 

V Medium ■{ 

Medium brown 

1 

4 

; ” ” 

) , 1 

Dark brown . 

1 

13 

52 i 

. J 

7*:j „ 

Dark | 


M«*an Ago 


40 1 SO „ 

(Hoys, 2rr0) : (Hoys, 10-5 „ ) 

' 52 I 7-3 

(Hoys, 57*5) (Hoys, O S „) 


7'he inspection of this I aide sliows lliat ilie association of cye-tini 
and age is just as indefiriile as among flje hoys. As in tlie case of t]u‘ 
hair, \ve find here reason to suppose lljat the, def)fli of pigmentation is 
less in the female sex. There may be a real sexual difference here, or 
the result may be simply due to the. more constant exposure of jthe males 
(whether boys or men) i(^ IIk' weallier; and f incline to lay stress on th(‘ 
latter consideration. 

Ifl. IfeaddpnffilL . — The mean value of this dimension in 25 girls 
(at Vori), of an average of 7*7 years, is J6G*8 mm. hifty-ninc boys at 
Vori provide an average of 173*2 nun., but the moan age of the boys was 
0*2 years. Wc have seen that nine boys of a mean age of G years gave 
an average measurement of L7l mm. Evidently the female liead is 
smaller in this dimension. 

IV. Head-brendlh . — The mean value of this dimension in 25 giils 
(at Vori) is 133*7 mm. The boys at Vori (52 in number) gave an aver- 
age of 132*3, but their age is greater. Nine boys averaging G years of 
age give a mean value of 135*4. Erom nil this it appears that in child- 
hood the female heaeji is less broad than the male. 

V. The Cephalic or Breadlh-index ^, — ^The mean value of this index 
in 25 girls (at Vori) is 80*1. Boys with a mean age of G y(*ars provide a 
mean index of 79*2. AlPthe ))oys taken together give 8t)'2 as the mean 
Value. So far, then, it does not seem as though the sexual difbaence 
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wei'c niarkeil ii) ibis ivsj)o<.*t, fhou^li ilit* banalc ])en<] smiiy lalli * more 
Ijraeliycepbulie. One girl, however (No. 0), having an iildox ‘ 04 i), 
lujis had ii very appreciable tdTecl. in raising the avo’age of this sc ics of 
I weut.y-fivo individuals. 

VI. Before pa.ssirig from the con.sid(‘rnlir)u of iliis index, f rould 
I’eniiirk that in elevcai girls (onl of Iwenl ydi\r) I he maximuni len 'ii of 
11)0 lioad will he found aeiually iK'iwoon an opliryoiiic t>oint ai ! an 
occipital [ajint. TIk' same occurrence was noted ni tlie boys (of. p, ’47). 
4 he indices hero employed have he('ii based oii Ihe glahello-occi atal 
It'ngil). Blit if wo en)p]oy tlie I’eal maxiimim in the eases i)i whi( b it 
was not glabello-oecipital, we can calenlate a cojdialie index wliieh will 
clearly provide lower numerical (7.c., niore dolichocefdialic) results than 
fclioso just described. Nor t his purpose I have dal a from the following 
groups: — 


Iahle: \Jlh— Cephalic Indcx^ caJculafcd tud fi<>m the (jlahcllo-occipifal 
hntjthy hut from the majimum fciK/fh, wai. when this is measured 
hi(jh above the (jtahelto^ the forehead heimj then homhe^ us the Frene/i 
writers describe it. 


i (Jroiip 

! {a) Boys at \'’ori 
, (6) Oiris at A'ori 
, (c) Cretan hoys in general 
* {(1) Boys u! l*;4laika8tro . 


No. 


( 14 ) 

m 

m 

(9) 


I Index 

I 


; 78-9 

I 78-7 
I 80-7 
i 83-4 


I 


The similarity between hoys and girls nt Vori, and the independent 
pu^iUon of the I’nlaikaslrn (i.e., (.-iiritorti) group come out hero very 
clearly. 

llie final tables iiiclndc tlx; wliolo of the. detailed data whence the 
foregoing summaries liave l)een made. I have also appended a list of 
Ihc naniOK of ilio individuals. 'I'iic chief interest herein will lie in tlie 
search for names suggestive of a Venetian or other exotic provenance. 
l)r. Gerola provides a long list of (he names of tlic Venetian families of 
(,‘reto.‘ Looking through my list and that of Dr. Gerola, I find very 
fe.w names in my collection capable of being claimed as Venetian. Of 
(he boys, No.^ 23. Vrangoulakis, may represent Dr. Gerola’s family, 
If’ranco; and Koiulourakis may l)c derived from Coutariui. Nos. 30, 35, 
42, 4f) and 53 all bear (be name Zorzakakis; this almost certainly 
represents tlie family Zorzi, mentioned by Dr. Gerola, No. 48a. 
Zangarakis may represent the name Zangarol. The girls provide no 
other names needing mention here. 

* Cf. Gerola, Monutaenli VeneU neW Isoh ii Creta, 1005, p. xlix, Camb. Univ. 
nib., liib. 2, 90, 152, 
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'! vBLE IX. - (hHan Mmolhoys at Vi,ii (S9). 


|jO(*ality I ! .UaxiiDuni \ 

ami , Ago > Ioa»l-l<-ngiJi | 
Xiimlioi’ (lom . 


Hoail- j 
liri'iultli I 


Vori No 

i 


1 

6 

105 

2 

. 8 

172 

3 

8 

156 

4 ' 

7 

175 

5 

8 

173 

7 

9 

160 

8 

9 

166 

9 

8 

180 

10 

8 

175 

11 

15 

180 

12 

11 

i 183 

13 

7 

i 166 

14 

8 

172 

J5 

H 

177 

10 

11 

180 

17 

11 

177 

18 

^ II 

^ 170 

19 

10 

173 

20 

10 

179 

21 

10 

171 

.22 

12 

187 

23 

10 

176 

24 


173 

25 

' 13 

172 

20 

13 

185 

27 

13 

171 

28 

10 

175 

28a 

12 

171 

29 

12 

178 

30 

11 

186 

31 

12 

177 

32 

10 

183 

33 

15 

184 

34 

12 

180 

35 

13 . 

178 

36 

14 

171 

37 

14 

186 

38 

15 

182 

39 

6 

178 

40 

10 

175 

41 

6 ’ 

182 

42 

7 

163 

43 f 

7 

:m 


i 

I 

: 

i 

! 


i 

I 


I 

i 

i 

i 


131 

134 

139 ; 

135 

140 
143 

134 i 

130 i 

140 

140 

134 

152 

140 

134 
14\} 

141 
137 
13!» 

111 

110 

137 
132 
111 
112 
J42 
1 12 
HO 
157 

135 

144 I 
130 

138 j 
130 
155 
154 

141 

150 

151 
136 

141 
137 

142 
142 


liidox 


Alaxiiijiini fl('a<I' 

lougMi J'’n»ii{o- 
occ ipilal whon 
not (;i:ii)i'|(o 
< Hi ijiital 


79*4 ! 

77*9 I 

801 i 

771 

800 

80-4 

80- 7 

72- 2 
80 
8M 

73- 2 
91*0 

81- 4 i 

75-7 j 
77*8 I 
70-7 
S0(> 

80- 3 
78-S 

81- 9 
73-3 
75 
83-2 
S2-0 
70S 
S3 
SO 
91-S 
75*8 
77-4 
76-8 

75- 4 
70-7 
86-1 
86-5 
82*5 

80-6 i 

83 i 

76- 4 I 

80-0 ; 

75-3 
87*1 
85*5 


168 

173 


i 

I 

I 


(’orn'- 

spomling 

(\‘l»l)alu- 

Imlox 


84-5 

82-1 
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Tahle l\.~~Ci‘ehtn Svhoolhoyn nt Vo/i (59) 
(continui'd). 


Loculi ty 



Vc^i No. 


I3a 

i 7 

44 

i 

45 

1 8 

40 

5 

47 

i 

48 

j 7 

48<i 

7 

m 

8 

40 

9 

.50 

10 

51 

10 

52 

0 

53 

i 

54 

1 5 

55 

i 

50 

0 

l»ahti- 

kastro 

No. 

1 

8 

2 ' 

10 

3 i 

( t 

4 

8 

5 

9 

(i 

12 

7 

13 

8 

13 

0 

13 

10 

11 

11 

11 

12 

12 

13 

13 

14 

13 

15 

10 

10 

13 

17 

10 

18 

13 

19 

10 

20 

7 


Maxiiiiiim 
l/ntnt (rluJtrllnl 


1()«) 

179 

171 

177 

17.7 

lliS 

170 

los 

100 


107 

I7:i 

I0(i 

100 

105 


j 

10.8 j 

los 

172 

109 

159 

170 

170 

177 
172 
175 
104 
108 
170 
I8:i 
100 

178 
180 
172 
102 
100 


i I Maxitiiutn 

llca.l- I (Vi>liaU<- i >' i>Klh Kniiito- 
l>r<-aiOh I huli x I wljcii 

I ! not (r/aOcno 

I ! (h‘i‘ijnt:il 

/ / 

! - ! 


120 

70-3 

143 

791) 

110 

aS,5-4 

140 i 

82-5 

1.32 1 

75*4 

131 j 

77 

1.37 ! 

77*8 

139 1 

82-7 

1.37 1 

82-5 

132 ; 

77 0 

141 

79-7 

137 i 

82 

120 1 

740 

135 ; 

81-3 

1,35 1 

81 3 

13.3 1 

80-0 


182 

170 

182 

177 

174 

182 


108 

181 

174 

175 

171 

171 


ni 

j 

83'9 

Ml 

S3-0 

148 

8(i 

135 

79-9 

1.52 

950 

135 

79-4 

153 

80*9 

140 

79- 1 

149 

803 

155 

88*0 

113 

87-2 

131 

78 

137 

77-8 

152 

831 

144 

80-7 

150 

84*3 

140 

77*4 

141 

82 

141 

87 

132 

781 


174 
170 
105 

180 

187 

108 

182 

175 
104 


I (\.rn** I 
I s|am(!ii>^'‘ i 

I llul.'X 


78-0 
81-0 
80-2 
74-0 
70'8 
75 a 

81-5 

77- 9 

78- 7 
73*7 

78-9 

77-8 


85-0 

80*0 

80- 7 

70- 1 

81- 3 
85-7 

82- 4 

800 

80 
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No. 


1 

2 

3 

i 4 

5 
(» 

7 

8 

(» 

10 

11 

! 12 

13 

i };^ 

10 

17 

18 

19 

20 
21 
22 

23 

24 

25 

20 

Avcrago (oxclud 
ing No. 1) 


Table X.— Cretan Sclionhjirls at I’ori. 


Age 

' Hair-colour 

i 

1 Eye-colour 

7 

i Fair 

i Dark brown 

11 

! Fair 

1 Blue 

8 

, Broun 

I Dark brown 

11 

j Fair 

; Hazed 

9 

' Fair 

: Dark brown 

9 

Dark broun 

Dark bronn 

13 

Brown 

< Ireen 

a 

Fail- 

IfazeJ 

0 

Fair 

Grey 

10 

Fair 

D-ark brown 

8 

Brown 

Dark Immii 

7 

Brown 

Hazfl 

11 

Fail- 

Ilaztd 

0 

Fair 

Hazel 

0 : 

Brown 

Hazel 

5 

Fair 

Dcark broun 

5 

Dark brown 

Dark brown 

7 ' 

Brow n 

Hazfd 

0 . 

Light }>rown 

lla/.(d 

0 , 

Dark broun 

Dark brown 

0 

Fair 

Dark brown 

0 ' 

Dark bro\vn . 

Dark brown 

8 ; 

Brown | 

Dark brown 

7 ; 

Fair ! 

Dark brown 

7 

Fair 1 

Mi'diurn brown 

8 

Brown ' 

Dark brfiwii 

7*7 : 

j 



[ Hcad- 

Head 

“j (’epli.-d'’ 

length 

' br’dtj 

! Index 

162 

138 

’ (85-2)* 

175 

139 

79-1 

161 

130 

1 80-7 

Ui9(l72)t 

136 

S0-5(79*l)f 

172 (175) 

130 

80*8 (79*4) 

J55 (K,7} 

14i) 

OCrl (94 0) 

170 

140 

82-4 

162 (169) 

129 

79-6 (76-3) 

168 

138 

' 82- 1 

173 (177) 

130 

75-1 (73-4) 

168 

130 

; 77*4 

100 

1.36 

85 

173 (176) 

13.) 

78 (76-7) 

167 (172) 

132 

79 (76-7) 

170 (173) 

137 

SO-b (79-2) 

170 (173) 

141 

,82-9 (81-5) 

168 (175) 

132 

78-6 (75-4) 

169 ! 

126 

74-6 

170 

134 

i 7S-8 

160 

110 

, 87-5 

167 

128 

76*(> 

169 

125 

74 

166 

128 

77-1 

161 

130 

79-3 

162 

131 

80-9 

167 (177) 

129 

77-2 (72-9) ' 

166-8 

133*7 

80-16 


* Kpirolr. and th«Tefon> oxcjiidod. 

tlhe figures in Inaokt'ls are iht? niaximuin fronlo-oocipital h(‘ad-Jenff(h, and 
the cephalic index derived from thi.<=«. Oorresponding values for ho\'.^ arc Jiviui in 
Table IX. 


Table XI. i*ntun Schanthnija (79 or 80).* 


Eyo'oolour, Light (Hlue, 
(»rey, Grey-green) 


( Kye-eoloiir, 

i((fn‘eii, Rr()wn, Hazel, 

I Medium Brown} 


§ 


'rt a 

j 

■3^ 1 

! 

> 

' o 

c 

' PQ 

; ^ « 

s 

PQ 

air. Fair. 
Brown 


. ^ 

3 

(i 

O 
« ej 

. ^ 

s 

! 

C-.SP ! 

cq 

1 

' 

' 1 

7*^ 

; 

r-i 

Zj 

»-? 

,1- J 1 

r" 1 

1 


ej 

' ® 



i 

1 

■ ^ 

5 


10 ! 

0 

1 4 

0 

9 

i 5 

4 

2 

12*5074 ' 

0 

i 5-0 

0 i 

11-25 

6-25 

5-0 

2-50 


Eyi‘-eoloiir, Dark (Dark. ; 
Dark BroAvn, Very Dark i 
Brown, ,J(‘t Black) | 



7 13 ‘ 23 3 

S-75 10*25 28*75 3*7 ) 


Arayonese Svhoolhoys (99 or 100).* 

? ' 5 ! 3 I 0 I 11 i 20 i 14 , 1 lo ) 1 ml , fi : 18 fi 

f. ()r>% ifl Orii 3 03; 0 I 11-11 :20-20 i 14-14 1-01 , !»-09 ; (i OO, 1818, (Wm ! 

* One Cretan boy had eyes of different colon », and for the j)iiri)osc of colour 
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Tahle Kll. Indices, Hair- and ’Eye-colour.^ 

-- j — I Cri'tc j Aragon — | 

1 I Eyos. Hoddoe’s Index | 40 I -j-27-27 (of. :{51 Brilishu=+3-4) 

I ! 

2 : Jiair. Beddoo’s linlcx J-25 ■ -}-23-23 ' (cf. .351 British —— 38’74) i 

j ( 1 ) I 2 B-JI--K) ■ • I I 

I Eyes and Hair (bin binod : ' ; 

3 I Boddoo’s (.^nnp()nn(l Index J 00 } 73 27 : (cf. Dalmafia : moan 108) | 

! , Range 54—150 j 

4 I Colligiioii’.sCtnnpomid index ;-20-25 j 22*22 (cf. 351 British--" — 17*8) 

5 ; Freire-Manveo’s Conijjinnid 152*5 424*2 ' (cf. nnvin for 7 British \ 

i Index localities .303*9) j 


M’atilk XITI. Af/y/o.s of (‘rrfun Si hotilhmis at I'oj/, Crcle. 

1. Miron Caj)e]lakis. 30. Micliael Zorzakakis. 

2. Ravlos Skordhalakis. 31. Nieolaos Milonakis. 

3. Constanliiios \ic(»iidhakis. 32. Michael Mclonitlhakia. 

4. J'avlos Bulydliakis’. 33. .loaimis Sabbakis. 

.5. Joannis Nicolidhaki.*^. 34. (Jcurgios Jose])li tSkordhalakis. 

0. Bhortios Biiort iadhes, an Epirote ,35. (h'ori/ios Zorzakakis. 


hoy. See (lirl No. 1. 

7. (leorgios Jbpadliaki.'-. 

8. Manoli Kamarianakis. 

9. Nicolaos Kadhianis. 

10. Evange-loa Makridluikis. 

11. Nicolaos Mproiilidlmki.'^. 

12. Michael Jannakakis. 

13. (3iaTalam])os Ka|K‘Iaki'^. 

14. Evaiigelos Mvtolulhakis. 

15. Joaiinis Mylonakis. 

10. Ccorgios ( icorgolakis. 

17. (Jcorgios Papadliakis. 

18. .loarniis Hethyinobikis. 

19. (ieorgios Skordhalakis. 

20. (j!et>rgios Koiirrnonlakis. 

21. Evangidos Bolydliakis. 

22. Elias Kainarianakis. 

23. Joannis Fraugoulakis. 

24. Kvaiigdos Makrydhakis. 

25. Elias Erygakis. 

2(). Joannis Nicolidhakis. 

27. CJoorgios Kolsfakis. (? Kontsifakis 

28. (Jharalampoa Dhonlzierakis. 

29. Nicolaos Polychronakis. 

2ya. JoanuLs Ptdydhakis. 


3t>. Emmanuel Biperakis. 

37. (,‘on.stantinos Vbleyknmakls. 

38. (Jeorgios Fifsodhaskalakis. 
3i). Jtiannis Kfuidourakis, 

40. Manolis Xt'nc^gianakis. 

41. 3Iieliacl Papadhakis. 

42. Manolis Zorzakakis. 

43. fStyliaiios Piporakis. 

4.3o. Michael Milonakis. 

4 1. 31iehtiel Xenakis. 

15. (leorgio.s Askoxylakis. 

40. Htavros iskordhalakis, 

47. Anton io-s Stavrolakis. 

48. iJtirnpstlicnes Polychroiiakis. 
4€Sr/. (leorgios Zaniraraki.s. 

185. Ucorgios Polydhakis. 

49. Oeorgios Zorzakakis. 

50. Michael (Icorgolakis. 

51. Nieholaos Kondoiirakis. 

52. Stav’^ros Polydhakis. 

53. l.h^orgios Zorzakakis. 

51. (Irergorios Nicolidhakis. 

65. Evang<ilo.s (Irigorakis. 

60. Manolis Makrydhakis. 


statistics was counted in t\\ ice (making a total of SO in this case) ; one oyo was light 
nhile the other was dark. Among the Aragonese, one cye-reconl (No. 20) was not 
taken, so that tho numbers are either 99 or 100 acconlingjy. 

» Jiefercnce for comparisons should be made to Dr. Beddoe’s lecture on * Colour 
and Kace,’ published in the Journal of the Eof/al Anlhropoloyical vol. xxxv., 

1905; also to Miss Froirc-Marrcco’s valuable paper oh ‘'Hie Hair and Eye-colour 
of 591 children of School Ago in Surrey,’ published in Man, 1909, G3. Tho British 
rceords in Table XII. are taken from the latter paper. 
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NamfH of ('n>htn Sehonlboijs ut VaUiikasi lOy Cnh'. 


1. (Jcor^ios Mavrokoukoulakis. 

2. Papaflhakis. 

3. Konstantinos Avronidhakis.''^ 

4. (Icurgios Honatsakis. 

Georgius Relakis, 

J). ‘ (’hristos ’ Christodhoiilakis. 

7. Konstantinos Ailamakis. 

8. Nikolaos Cliristodlioiilakis ()>rollior 

No. 6). 

9. Pandolis Gorbadzakis. 

10. Joaiinis Mavrukoukoulakis. 


j 11. Gregorios Br^ Iakis. 

12. KonstaiiHiios Avronidhakis.* 

13. Nichulaos Slcphanakia. 

14. Manoel Tsandhakis. 

15. Marioel Honatsakis. 

1(). Joannis Xipolitakis. 

17. Joannis ({reiniakis (Jereiniakis). 

18. Emnianoel 'rsimilakis. 

19. Konhlantiiios Scaroinariolakis. 

20. (iregorios Mavrokoiikoiilakis. 


XitmPs of 

1. Aiidronikc Phortiadcs (Epirote— 

boy No. 6). 

2. Kirene Nicolitakis. 

3. Ourania Koiitsifakis. 

4. Aristea Zorzakakis. 

5. Katina Papadhakis. 

G. Elcr»e Mpistogianakis. 

7. Mariaiitbi Askoxylakis, 

8. Eknie Pitliarakis. 

9. (^hrysantbi Polydhakis. 

10. Pagona Papadhakis. 

11. Chrysantlii Papadhaki.s. 

12. Marigo Kardhianis. 

13. Evaiigelia Nieolidhakis. 


St hooltjii Is at Vort\ V)eU\ 

see 11. Kailirlioe Makridhakis. 

15. Andronikc! Amargiolakis. 
10. Kallio])e Kapellakis. 

17. Eiigenea Miserlakis. 

18. Asyinciiia Mproulgidbakis. 

19. Elene Zorzakakis. 

20. E\-angclia Askoxvlakis. 

2J. Evaiigfdia Dhendhrakis. 
22. Kyriakis Xenogianakis. 

2.3. Aiigeliki^ Erangoulakis. 

21. Exangrlia Krasadhakis, 

25. EIrnc Alaktidbakis. 

20. Elenc (Jiatiakakis. 


APPKNPIX III. 

Sonic Rcmarl's on Dr. DucInrorlJi'.'i llcporl {Aiipoulix IL). 

Bij CiJARLF.s II. Hawks. 

The point) 1 wish to leriuu'k in l)i*. Dnekwoi til’s papei- is Uio 

siiggebtioa that the Venetian oeenjialion of <'h’ele is to lie liekl aceoiint- 
ahle. for the broader lu'ads of the Sitians in (hide. 

But liefore tuking tliis nj) I slioiild lilo* to mention that', outside of 
the Venetian question, my largi' mass of lignres in llie main heai’s cait 
Dr. Diiekw'oiilVs results. To his data for liaii’-eoloiir, jiiul Ins ^•^‘m;n•k 
on the absence of red hair, I may add lliat out of L\000 el'ildren (deserved 
by nu', K) Iiad red hair, and of 2, lSS mkmi 11 weij' red-headed - a jii'o^ 
portion of half, and less tiian iialf per eent. A 1st), wiiilt; tiie age indo- 
jicndence of eye-eoloiir eonqiared wit-li iKaij-eolonr is markeil, it' is not. 
ahsolnte. 1 eoiild find no ehange through tlu' ]H‘riods t)f adoleseenee 
and maturity save one. (/ertainix there was no darkening tendency, hut 
vatlier iJie o))posite, in tlie ease of som(‘ daiK (\ves, h'liis ela.ss' (jf eye 
is })ej‘haj).s liest divscrilied as fonce; it is hatllingly ojiaqiu', and this 
tiMupts ojjo to label it black, biik no one w ho lias seen the black eye of 
a. Negrito w-ould do so. Jhiis eye ebanges in many cases, not in all, at 
pubeHy or before, iiito a dark-brown or even liiow n eye. 

h.'’urning to the Venetian (jucstion, I. agree most lieai tily witii Dr. 
J)ijekwmrtli that the history of tlie Venetian oeeupatiou of (.hett‘ would 
WT‘l] repay study, and it is to be regrelted that no Euglisli student lias 
yet extracted it from the areliives of Venice. 

* PoiJsibly MavronklhakiFf. 
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known families in tlie cities, and recalling the Cretan fondness for giving 
nicknames, attributed such names as. Venetikos to this habit, the label- 
ling of a native servant with the cognomen of his master’s nationality. 
Mr. Xanthoudides remarked to me that half the narhes in the Cretan 
villages were Venetian, but that they meant nothing. The former part 
of Mr. Xanthoudides* statement was not borne out by reference to the 
voters’ list, t.e., in the names of those over twenty-one years. In the 
more favourable districts the percentage was 13. 

More important for us than these corrections is the consideration 
that a Venetian name in Crete connotes very little Venetian blood. 
Nearly nine generations have passed since the Venetians left the island, 
and their blood must be very thin or bred out by this time, and, what is 
important to note in this connexion, the national or racial consciousness 
tliat would dictate a marriage of Venetian-named with Venetian-named is 
lost. In the one village in Crete that bears the reputation of being a 
Venetian colony, Axos, the people were ignorant that they bore Venetian 
names, and resented the imputation — having, perhaps, a folk-memory 
of those liard taskmasters, whom their forefathers hated more than the 
Tui'ks. Those who are sophisticated and well-read among tlie Venetian - 
named, such as the local antiquary and justice of the peace at Vitzari, 
in. Arnarion, a Siligardi by descent ; the scholarly Archimandrite Veneris ; 
the prosperous merchant of Xidhas, Kandherakis, whose great desire to 
have Lyttos excavated is now to be fulfilled ; or the most successful and 
intelligent carpenter of Candia, Cornaro, can only point to some one far- 
distant ancestor or to family tradition. Thus, while the years and 
centuries have gone by, the blood has decreased, and only the names 
have remained, Or even increased with the increase of the population. 

But, to turn from general considerations, if we are to attribute, as 
Dr. Duckworth does, the broadening of the head in Sitia to the Venetian 
influence, we should expect to find that influence most active and more 
apparent where the Venetian-named Cretans are thickest. This area 
is the Deme of Anogeia, in which Axos, with some seven other villages, 
is situate. Out of 175 names (borne by 992 voters, and representing a 
population of 4,054), 41 (or 23J per cent.) are Venetian, and out of 69 
?iieasured by me in this deme, 24 (or 35 per cent.) are Venetian in name ; 
an extraordinary average compart with 5J per cent, for the rest of the 
island. I may note here that the figures I shall quote for the eparchies 
take account only of the names recognised as Venetian, and do not 
include additions for doubtful names. How do these Venetian-named 
individuals compare in cephalic index with the modern Venetians and 
their neighbours? The cephalic index of the peoi)le of Veneto-Emilia 
(52,410, quoted by J. Deniker) is 85*1, of Dalmatians (30, by J. 
Deniker) 87*0, of Albanians (20, by Pittard) 83*8. That of the Vene- 
tian-named Cretans in their most populous region is 76*7. This figui-e 
needs no comment of mine. 

Let us turn to Sitia itself, where there are 10^ per cent, of Venetian 
names. This percentage is not extraordinary, being exceeded by four 
other eparchies. The average cephalic index for 189 Sitians, including 
Dr. Duckworth’s figures, is 80*9, or nearly 81*0, to be accurate, that of 
the Sitians bearing Venetian names is 81*3. This suggests the key 
1910, s 
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to the situation, for we shall find, on comparing the average cephalic 
index of the Venetian-named and that of the eparchy in which they are 
located, that in several cases there is close agreement, and most im- 
portant of all in the grand totals. Where there are variations, they 
seem to be due to small numbers ; and the lowering of the index is more 
pronounced than the heightening. The following are examples : — 


fi!|>archy 

Percentage 

Cephalic Indices 

ot t ne 

Venetian-named 

Whole ei)archy 

Venetian-named 

lerapetra 

8-6 

79-6 

79*1 

Kisamos 

6-8 

79-4 

79*3 

Mylopotamon 

22-9 

77*9 

76*9 

Selinon. . , . 

11-6 

80-9 

77-5 


The most important evidence is obtained in the comparison of the 
totals. The average cephalic index of the 150 Venetian-named in- 
dividuals, measured throughout Crete by me, is 79 ’0, which is tJie 
exact figure mentioned in my previous paper for the whole of Crete 
(2,290 individuals). 

What is the conclusion to which we are drawn? TJiat the Venetian 
s^rs/h has remained strong and' powerful after nine generations without 
replenishment from the mother country? Scattered through the land, 
its consciousness of nationality lost, Has it not bred out? Where is the 
Venetian brachycephal or hyper-brachycepal in the most populous of 
Venetian districts in Crete ? What is the dictum of the other 
eparchies, and wHat of the whole? They are unaffected by the 
Venetian element. Where people are dolichocephalic, the Venetian- 
named among them are dolichocephalic, and where they are mesati- 
ccphalic, there the latter are mesaticephalic also. 

I need not labour this point. The Venetians are not the determining 
element, but the determined. Therefore it is that in my report, taking a 
large view of Cretan ethnology, I treated the Venetian element as 
negligible. 

But what, then, is the cause of the broadening of the head in Sitia? 
Must we leave it unexplained? I think not. Crete is linked up by the 
stepping-stones of Karpathos and Ehodes to Asia Minor. Sponge- 
divers from the Asia Minor coast are found off Sitia (o-day. Dr. Duck- 
worth mentions the Turks marauding and settling, even during the 
Venetian occupation, in 1417 and 1471, and no doubt it would be 
possible to extend these connections back to Minoan times, when, as 
Mr. Hogarth found, the little town of Zakro imported from Asia Minor. 
The connection is natural and historical, and, for the matter of that, 
pre-historical. 

Has anthropometry anything to confirm this? Let us see. 

I have called attention in my previous paper to the fact that the 
Sitians in the extreme east of Crete^ and the Selinots in the extreme 
west, have the same cephalic index — ^namely, 80*9, but that there is this 
difference : that the Selinot is broad-headed* and the Sitian is short- 
headed. 
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Now, if w<‘ turn to Asia Minor, we shall find that it is a region of 
sliort-headedn(‘SS. 

For purposes of comparison, as we have a long-headed population in 
Crete, we will extract the brachycephals of Crete and compare them with 
peoples in Asia Minor. This gives us 71 brachycephalic Sitians, whoso 
measurements, compared with those of Turks and Tachtadshy (Takh- 
tadji) of S.W. Asia Minor are as follows : — 


— - 

Number 

Head 

Breadth 

Cephalic 

Index 

Sitians of Crete . 
Turks of Asia Minor 
(C9iantre) 

Takhtadji (Petersen ' 
and von Luschan) J 


71 ' 180-1 

* 120 i 181-0 j 

13 178-8 1 

i ! 

163*2 

163*0 

153*2 

85*1 

84*5 1 

i 

85*7 1 


Chantre's 297 Armenian men have a cephalic index of 85'5; head- 
lengths and head-breadths I cannot give, as I write without books of 
Inference by me. 

One could hardly demand a closer agreement than with these figures 
of 120 Turks and 13 Takhtadji, those wild peoples of the marshes 
and uplands of Asia Minor, who, in the opinion of von Luschan, best 
represent the prehistoric race of Asia Minor. As we get further away 
from the Aegean to Lake Van and Russian Armenia, the head is even 
shorter, but also rather broader (27 Aissori, 22 males and 6 females, 
are 173 lum. long and 155 mm. broad). This may be the result of 
deformation, but in any case our connections are naturally nearer at 
hand. 

Now let us try Yeneto-Emilia, Dalmatia, and the Illyrian area. 
[And here I much regret that I am without reference books, and must 
depend on odd notes.] 

The cephalic index of 30 Dalmatians (Deniker) is 87*0, and that 
of 52,410 inhabitants of Veneto-Emilia is 85'1. • 

Unfortunately, I cannot give the head-lengths and head-breadths of 
these, but from 18 Venetian soldiers measured by me I have the 
following: — 

Ifpa<1 Longtk Head Breadth Oephalie Index 

18C-1 166-2 83-9 

and for Pittard's 20 Albanians we have the following: — 

Head Length Head Breadth Cejihalic Index 

185*0 165-7 83*8 

These figures, which represent not a short head but a broad head, 
compare with the Selinots in the western end of Crete, the Brachy- 
cephals among whom, to the number of 33, have the following : — 

Head Length Head Breadth * Cephalic Index 

185*3 167*6 86*0 

and I may remind my readers that in my previous reports I have derived 
0ns western Cretan brachycephal from the north, and ultimately from 
Illyria. 
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It might be thought that with such a nolat)lc stature on the i)art of 
the Dalmatic and Illyric people, this feature alone ought to settle, the 
whole question. It certainly is more than confirmatory, although one 
has to be careful in using statistics of stature, a feature which is far 
less permanent than head form. The Sitian brachycephal has a stature 
of 1,678 mm.; the stature of the brachycephal ic Takhtadji is 
1,679 mm. ; of 287 Armenians (Ohantre), 1,680 mm. ; of 18 Armenians 
from Lake Van, measured by me, 1,678 mm. That of the Turks 
varies from 1,710 mm. (120 measured by Cliantre) to 1,070 mm. 
(recorded by Elysieff). 

The stature of Albanians awaits further measurements, for Pittard 
gives the low figure of 1,674 mm. (for 20 individuals), against mine, 
1,777 mm. for 28 measured in Martino. But we are on safer ground 
with tlie Dalmatians (325 individuals), 1,715 mm., and Montenegrins, 
1,711 mm. These are 33-37 mm. taller than our Sitians, but approxi- 
mate to the stature of our brachycephalic Selinots (1,701 mm.), and 
their neighbours the Sphakiots (1,710 mm.). 


Investif/ations in British East Africa. — Interim Report 
of the Committee, consisting of Mr. D. G. Hogarth (Chairman), 
Dr. A. C. Haddon (Secretary), Mr. II. Balfour, Mr. C. T. 
CuRRELLY, Dr. H. 0. Forbes, and Professor J. L. Myres. 

'J'riE C-omniittee appointed to repoi t upon Archtcological Investigations 
in British East Africa obtained information from Mr. 0. W. Ilobley and 
other sources concerning the caves on Mount Elgon and in the scarps 
of the Lift Valley, and from Mr. C. TTollis on the ancient graves on 
the sea coast of British East Africa. These two gentlemen and Mr. 
E. B. Haddon have also supplied valuable information concerning the 
equipment and method of conducting expeditions for carrying out these 
important investigations. Wlien the Committee were appointed it was 
expected that more than one member of the Ccminittee would undertake 
this work, but circumstances have since arisen which make this impos- 
silile. The information now gathered together is available should a 
British expedition be undertaken in future. In the meantbne the Com- 
miltee do not seek reappointment. 


Anthropometric Investigation in the British Isles.— Report of the 
CommUt^ consisting of Professor Arthur Thomson {Chairman), 
Mr. J. Gray {Secretary), and Dr. F. C. Shrubsall. 

The Committee take this opportunity of recording the great loss they 
have sustained by the d«ath of Professor D. J. Cunningliam, who was 
Chairman of the Committee from 1903 to 1909, and in that capacity 
rendered inestimable seiYices to anthropometric investigation. 

Dining the past year, anthroponietrife investigation has been making 
steady, though as yet somewhat slow, progress in flic British Isles. 
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Under recent Acts of Purliaiiient nieasurei neats of height and weight 
are being extensively carried out in primary schools in England and 
Scotland, and numerous inquiries have been received from medical 
oflicers and others as to the best methods of making these measure- 
ments. TJje Committee have been able to refer them to the report on 
anthropometric method published by the Eoyal Anthropological Insti- 
tute. It is satisfactory to note that the sale of this report is steadily 
increasing. 

The Committee are pleased to note that an Anthropometric Bureau 
has been installed at the Japan-British Exhibition, under the super- 
vision of the Eoyal Anthropological Institute, and hope that means will 
be found of making such a bureau a permanent institution. 

Tlie Committee are making an'angements, in co-operation with other 
agencies, to have measurements made of the adult rural population of 
the British Isles. 

Applications have been received for information about methods of 
measui’eiTient from many parts of Greater Britain, as, for example, 
Cyprus, Australia, cud New Zealand. 

Anthropometric Committees liave been formed or are being formed 
in many foreign countries, among whicli are Germany, Denmark, and 
Norway. The Danish Committee have already published some veiy 
valuable reports on the physique of children and adults in Denmark. 

The Immigration Commission of tlie United States of America have 
been carrying out undoi- tlie direction of Professor Franz Boas anthro- 
pometric investigations on i/nmigraiit i*aces, coming from all parts of 
Europe, with the view of ascertaining the changes produced by the 
American environment. A copy of Professor Boas’ valuable report has 
been presented to the Committee through the Privy Council by the 
TI.S. Government. The Committee ask to be rea})pointed with a 
grant of 51. to cover expense of correspondence, &c. 


Anthropological Photographs, — Report of the. Committee consistitig of 
Dr. C. H. Bead (Chairman), Mr. H. S. Kingspord (Secretary), 
Dr. G. A. Auden, Mr. E. Heawood^ anrf Professor J. L. Myres, 
appointed for the Collection, Preservation, and Systematic Registra 
iion of Photographs of Anthropological Interest, 

The Committee have to report that, in j)m'suance of a resolution passed 
by the Council of the Association, the collection of photographs has 
been deposited at the Eoyal Anthropological Institute, where it is now 
available for purposes of reference and study. 

The Committee have also to report that, owing to the initiative of 
Mr. N. W. Thomas, M.A., Govenimcnt Anthropologist, Southern 
Nigeria, oflicers in the West African seiwice will be asked to register 
with the Committee any photograplis taken by them, and where possible 
to deposit i)nnts in tlie collection. No additions have been made io 
the collection this year. 
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The Lake Villages in the Neighbourhood of Ghstonbury— Report of 
Gommitiee, consisting of Dr. R. Monro (Chairman), Professor W. 
Boyd Dawkins (Secretary), Professor W. Ridgeway, and Messrs. 
Arthur J. Evans, C. H. Read, H. Balfour, and A. Bulleid, 
appointed to investigate the Lake Villages in the neighbourhood of 
Glastonbury in connection with a Committee of the Somersetshire 
ArchcBohgical and Natural History Society. (Brawn up by Messrs. 
Arthur Bulleid and H. St. George Gray, the Directors of the 
Excavations.) 

The Committee report that the large and exhaustive monograph 
describing the Glastonbury Lake Village is now approaching comple- 
tion. The work will be issued privately by the Glastonbury Anti- 
quarian Society, and will consist of two royal quarto volumes ; an illus- 
trated prospectus lias recently been circulated, and copies may be 
o))tained on application. Vol. 1. will bo published during the lathir 
part of this year, or in the early part of 1911. The work for Vol. II. 
is also well in hand, and will be issued as soon as possible after Vol. I. 

The results of the tentative explorations in 1908 of the Lake Village 
at Meare were of so important and encouraging a nature that the 
matter was at once taken up by the Somersetshire Archaeological and 
Natural Jlistory S<jciety,^ but owing to the la»*ge amount of work to 
bo accomplished for the publication of the monograph on the Glaston- 
bury Lake Village, it was deemed advisable to postpone the further 
examination of the Meare site until 1910. The first season's syste- 
matic digging opened on May 23 and continued for three weeks, exclud- 
ing the week devoted to filling in the area dug. Although it had been 
previously arranged to dig for the short period mentioned, all further 
work would, however, have been effectually stopped by heavy rain had 
there been any intention of working for a longer period, for the River 
Brue was overflowing and the adjoining fields were under water. 

The existence of this site has been known since 1895, but the exca- 
vations at Glastonbury being then in progress no systematic examina- 
tion was attempted until this year. With reference to the situation of 
Meare, it may be of interest to those who are not acquainted with the 
locality to give a brief description of it. 

The north-central part of Somerset lies between two nearly parallel 
ranges of hills, the Mendips bordering it along the north-east, with the 
Quantocks to the south-west. The district so enclosed has a coast-line 
of some eighteen to twenty miles, and extends inland for the same 
distance. It is chiefly occupied by low-lying tracts of peat land drained 
by the Rivers Parret and Brue. Some time during its geological 
history this locality w^as a shallow basin-shaped estuary open to the 
Severn sea. At a later date the southern or inland portion was shut 
off from the sea by the formation of beds of mud and sand, and con- 

^ Tho Society’s sub-Committeo consists of the Rev. E. H. Bates Harbin, Rev. 
W. T. Reeder, Mr. Charles Tite, Mr. John Morland (Treasurer, Glastonbury), and 
Messrs. Arthur Bulleid and H. St. George Gray (Joint Secretaries). 
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verted into a lagoon, which in more recent times was gradually re- 
placed by a series of extensive meres and swamp. In a.d. 1500 five 
meres still existed, the largest body of water, called ‘ Meare Pool,’ 
being at that time five miles in circumference. 

The Lake yillage at Meare lies three miles west of the now fully- 
explored Glastonbury Lake Village, in the peat moor adjoining the 
north margin of a low ridge of ground, formerly an island, on which 
the modem village of Meare now stands, and from 400 to 600 feet 
south of the Eiver Brue. Before the Brue was embanked, and the 



draining of the swamps had been attempted in monastic times, Meare 
Pool was of fnr greater extent, and included tlie I^ake Village within 
the limits of its south-west border. The Lake Village now stands in 
fertile pasture, the level of the surrounding fields being from 12 to 
14 feet above the mean tide level, and is situated 11 miles south-east 
from the present coast-line at Burnham. The ancient site consists of 
two distinct groups of low circular mounds A and B, separated by a 
level piece of ground from 200 to 300 feet in width. So far as a super- 
ficial survey permits the two settlements appear to consist of about a 
hundred dwellings covering parts of seven fields (not five as formerly 
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stated), and occupying a tract of land that measures roughly from 1,600 
to 1,600 feet east and west, by from 200 to 250 feet north and south. 
The highest mound measures 4*4 feet above the surface of the sur- 
rounding field-level. The alluvium covering the adjoining fields varies 
from 12 to 30 inches in depth. From borings made this year it was ascer- 
tained that the depth of peat underlying the dwellings varies from 7 to 
11 feet in thickness. Below the peat is a layer of soft grey-coloured 
clay, lying on beds of lias stone. The recent excavations included the 
.examination of three dwellings, i.e., Mounds I., II., VI., the partial 
exploration of Mound VIT., and the west quarter of Mound V., together 
with the intervening spaces of level ground situated in Field iv. ; also 
the digging of several trenches on the north and south sides of the 
marginal mounds in Field iv., with the object of finding the palisading. 
Although the ground was examined for some 100 feet or more from the 
dwellings, no border-protection was discovered comparable with that 
which surrounded ilie Glastonbury Lake Villngo. 

Mound I. — This dwelling, situated in the S.W. quarter of the 
village in Field iv., was 32 feet in diameter N.B. and S.W., with an 
olevaliori of 1*84 foot at the centre above the surrounding level ground. 
Its N.W. and W. aspects were incomplete, having been destroyed when 
the boundary-ditch of the field was cut. It was composed of two floors, 
the ihaximum thickness of the clay near the central picket being 2 feet. 
No wall-posts were discovered. The hearth belonging to floor i. was 
incomplete when discovered, and 7 inches below the surface; the 
remaining portion showed that it had been paved with pieces of 
*^andstono. Floor ii. had four superimposed hearfhs, the uppermost 
(hearth ii.) being paved with small stones, and the other hearths (iii., 
iv., and v.) with baked clay. 

The substructure consisted of an artificially-placed heap of hard 
dark peat, resting on t he bed of the mere. No timber was observed in 
the foundation. 

Mound II. — This dwelling-mound, situated in the S.W. quarter of 
the village in Field iv., was 20 feet in diameter N. and S., with an 
elevation of 0’98 foot at the centre above the level of the surrounding 
ground. It was joined to Mound f. along the W. margin, and composeil 
of two floors, the maximum thickness of the clay near the central picket 
being .14 inches. No wall-posl s or liearths were discovered. The substruc- 
ture consisted of a heap of dark-colc ircd peat, similar to that under 
Mound T. ^Jhe greatest number of relics was found below the level of 
the clay floors, and included quantities of pottery, many fragments 
being ornamented. 

Mound V. — The N. and R. diameter of this mound measured 
21 foot, with an elevation of 1’49 foot at the centre above the surround- 
ing field-level. Only a small portion of its W. side was examined, so 
that a description of its construction and contents cannot be given until 
it has been fully explored. 

Mound VI. — This small mound, situated N.N.E. of Mound I., was 
10 feet in diameter N.Fj. and S.W., with an elevation of 0*8 foot above 
the surrounding field-level. Its W. quarter was incomplete, having 
been cut through in making the boundary-ditch of the field. It 
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was composed of one floor, the maximum thickness of the clay near 
the central picket being 9 inches. No line of wall-posts or hearths was 
discovered. The substructure was composed of an artificially-placed 
layer of dark peat, with no brushwood or timber. 

Mound Vir. (in the last Report provisionally calkd Mound L ). — 
This dwelling-mound was of large size, with an elevation of 3‘45 feet 
at the centre, the N. and S. diameter being 32 feet. It was situated 
in the S.W. quarter of the village in Field iv., and was composed of 
eight floors with thirteen hearths, twelve of which were superimposed. 
The total thickness of the clay was 6 feet. The upper part of the 
mound at the centre was incomplete owing to denudation, and the 
hearths belonging to the upper floors were coi.aequently missing. The 
ground under and surrounding the mound was thickly covered with 
piles, a large proportion of the posts being split pieces of oak. The sub- 
structure was 2 feet in depth, and composed of brushwood and timber, 
on the surface of which planks of oak were placed at intervals. /V 
portion of the N.F. qiiarter of this mound remains unexplored, and 
will be completed next season. 

The objects found in and around this dwelling were probably more 
numerous tlian in any dwelling previously explored, and were of an 
exceedingly interesting character. 

The season’s work at Meare Lake Village has been productive of a 
large number of relics, the quarter of an acre examined throwing a 
flood of light on the industries and daily pursuits of the inhabitants of 
this ancient habitation, and revealing more specimens of Late-Oeltic art 
than perhaps the richest quarter of an acre of the neighbouring village 
at Glastonbury. These remains have afforded evidence that the lake- 
dwellers of Meare lived under similar physical conditions and civilisa- 
tion to those of Glastonbury; and although the relics discovered at 
Meare in 1910 are of the same general type as those found in the other 
village, several of the objects cannot be matched among the Late-Celtic 
specimens exhil)iipd in thq museum at Glastonbury. 

The Meare Tjakc Village is not what is sometimes styled an ‘ archee- 
ological puzzle, ' for its date, or period at any rate, was known from 
the beginning of the investigations. After a few years’ work, however, 
the date may be even more clearly defined than in the case of the 
Glastonbury village, which in round numbers may be given as from 
n.o. 200. Rome antiquaries are strongly inclined to narrow these 
dates, as no development or improvement in the manufactured articles 
is traceable when com])aring objects found on the lowest floors of 
the dwellings, and in the substnicture below, with otliers from the 
upper floors, and from just below^ the alluvial flood-soil which has accu- 
mulated since the evacuation of the village. At Glastonbury a few 
fragments of Eoman pottery were found on the surface of the mounds 
hut below the flood-soil; as yet nothing attributable to the Romans 
has been found at Meare. 

Numerically the objects of bronze arc considerably in excess of those 
of iron, as was the case at Glastonbury also, l.ead from the Mendip ITdls 
is found at Meare in the form of sinkers for fisliing-nets, but as yH' tin 
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lias not been identified. Bronze was worked on the spot., judging from 
the remains of four crucibles found, one being an excellent example ol 
the triangular variety with fused bronze still adhering to the inner sur- 
face. The perfect articles of bronze include a fibula of La TcSne III. 
type with solid catch-plate, a handsome deep finger-ring of one and 
a half turns tapering in both directions and ornamented with longi- 
tudinal grooves, a heavy snake-ring of plain round wire, a bradau 1 with 
sliank of square section for insertion into the handle, a broad needle or 
bodkniy and a harness-ring. In less perfect condition are a pair of 
tweezers, four other finger-rings, a few broken brooches, pieces of 
bordering, and other complete and fragmentary objects. 

Among tlie remains of iron is a very large heavy ring, having in one 
position a moulded ornament in high relief. One or two awls were 
found, one fixed into its handle of antler, and a gouge used presumably 
in connection with a brace. The peaceful disposition of the lake- 
dwellers at Glastonbury was evidenced by the. very small number of 
weapons found. At Meare, however, the ground uncovered has so far 
produced a tanged spear-head and a javelin-head with corrugated blade, 
neillier of which is socketed. 

An amber bead was found in 1908, but glass is revealing itself 
more plentifully than at Glastonbury. Eight “ finds were made of 
this material, including a boss or head of a pin, and several beads of 
considerable interest. The lemon-coloured ring-l)ead is distinctly of Ija 
T6ne ty2)e; two tiny blue ring-beads were discovered which subsequently 
led to the finding of eight others near by, in perfect condition. Another 
of the beads is of iridescent clear glass, ornamented with spirals of 
opaque yellow glass. A blue head with three rows of small white 
rings is very beautiful. 

Mono of the objects of Kinuneridge shale is conqileto. With the 
exception of a piece of a shale vessel with cordon, all the fragnients are 
parts of armlets of various diameters and thickness. Most of the 
specimens bear evidence of the use of the lathe, as indeed some of the 
pottery does also. Tjittle can be said of the partlienwai'e until the large 
quantity found has been restored. All sizes of vessels are represented, 
fj*om a tiny pot about 1} inch liigh to others over 12 inches. Tlu‘ 
ornamental patterns — curvilinear designs, cross-hat ching, dots-and- 
circles and zigzags predominating — are numerous, and include many 
which cannot he matched from the neighbouring village; although, 
on the other hand, many designs typical of the period arc repealed. 
Included among the objects of baked clay are many sling-bullets of 
the usual form (glands). 

Of stone the objects found are also numerous, and comprise a large 
number of querns, mostly of the ‘saddle-shape,* a grindstone, a large 
ciiciilar stone with flat sunk surface having a beaded edge (which may 
probably have been a mould), various mullers and rubbing-stones, some 
well-formed flint scrapers and knives, and a polished neolithic celt of 
igneous stone (probably from Mendip), and probably highly valued as 
a charm. 

Of human remains, portions of three skulls and a molar tooth were 
found in different places, a.nd the greater ])a»i of a thigh bone 
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(femur), bearing evidence not only of having been gnawed and cut, 
but of Iiaving been perforated in two places at one end. in the 
Late-Geltic camp of Ilunabury a human skull was found having three 
circular holes bored on the vertex of the head, and arranged as an 
equilateral triangle. 

The most numerous classes of objects found were the worked animal 
remains — lx>ne, antler, teeth — the latter consisting of perforated canine 
teeth of dog and boars* tusks. Most of the ert-bone objects are per- 
forated. Worked shoulder-blades of ox and horse arc common, one 
found in 1908 being covered with representations of the dot-and-circle 
pattern. Their precise purpose remains to be elucidated, and none 
were found in the Glastonbury village. Bones worked to a point at 
one end are abundant. I’lie polishing or burnisliing bones found 
consist of the tarsal bones of ox. The knobbed pin and needle 
are good examples of their kind. A bone tool has been found, used, 
[jrobably, for ruling double lines in ornamenting pottery. A sickle- 
shaped knife was formed from a rib bone. 

Sawn and polished tines of red-deer antler are common and call 
for no particular comment ; several are perforated. A large antler was 
found with the buir and points of three tines sawn off, the crown 
being detached by knife-cutting. One specially w^ell-cut knife-handle 
of antler, has the tang of the iron blade and the rivets still remaining. 

The largest dwelling-mound excavated was undoubtedly a weaving 
establishment, although it is probable, judging from the remains found, 
that other industries also flourished there. The whorls (used in com- 
bination with a wooden spindle for twisting wool or flax into yarn) 
are among the objects most frecpiently imcarthod, some being in early 
stages of manufacture ; they are formed of stone, bone, or baked clay. 
Tjoorn-weights of baked clay, mostly of the triangular form for suspen- 
sion, are also found, and a few bone bobbins. 

The large dwelling (Mound VII.) produced no fewer than twenty- 
one weaving-combs of antler, including eight found in the same mound 
in 1908. They are not all complete, but on the whole the/ form a 
very fine series; the largest measures 8J inches long. Many of them 
bear evidence of very hard wear, being used, no doubt, for pushing 
borne the weft, or woof, through the warp threads. One is probably 
unique, dentated at both ends and reversible. No dwelling in the 
neighbouring village produced more than nine of these combs. 

The animal remains found this year at Meare are very numerous, 
and include the bones of small ox (bos longifrons), small horse (mostly 
about the size of the New Forest pony), pig, sheep, red-deer, roe-deer, 
dog, beaver, and otter. A number of bird bones have been collected 
which have not yet been identified. Cereals and vegetable products 
were extremely scarce. 

It is hoped that the excavations will be continued from year to year, 
until an exhaustive examination of the whole area has been completed. 
The undertaking is already bearing a varied and prolific harvest of 
archsBological material, and revealing remarkable evidence of the life- 
history and civilisation of the Early Iron Age in Britain. 
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The Age of Stone Circles, — Report of the Committee, consisting of Dr. C. H. 
Bead (Chairman), Mr. H. Balfour (Secretary), Lord Avebury, 
Professor W. Eidgeway, Dr. J. G. Garson, Dr. A. J. Evans, 
Dr. R. Munro, Professor Boyd Dawkins, and Mr. A. L. Lewis, 
a'ppoinJted to conduct Explorations with the Object of ascertaining 
the Age of Stone Circles. (Drawn up by the Secretary,) 

It was proposed to continue the excavations at Avebury Stone Circle 
during 3910, with a view to supplementing ihe valuable evidence 
obtained fi'oni the excavations of previous years, and for tliis purpose 
a grant was a])plied for and allotted. .It was subs('queiitly found im- 
possible to enlist the services of Mr. H. Oi-ay for the conduct of 
excavations this year, and it was decided lliat, as .'j was desirable that 
the work of continuing the exploration should not be allowed to change 
hands, the renewal of work on this important site sliould be ])ostponed 
until 1911. Ml*. Gray is willing to continue the exploration of Avebury 
Stone C'ircJe under the direction of ihe Committee, hut owing to other 
engngenients of a similar nature he was unable to obtain the necessary 
additional leave of absence from the Somersetshire Arclueological 
Society, and could not therefore act for tlie Committee this year. 
Next year his services will again be available during the siiring, and 
the Committee would urge that the work should tlien be renewed. It 
is desirable that as long a time as possible should be assigned to the 
season’s work, since the earthworks are on a very large scale, and the 
amount of silting which must be moved before the bottom of the fosse 
can be I’cached is very great indeed. Tlie Committee ask to be allowed 
to claim for next year the amount of the grant allotted for 1910, and 
urge that a further grant of oOL be added to this amount in order that 
the excavations may be renewed upon an adequate scale. 


Archwological and Ethnological Investigations in Sardinia, — Report of 
the Committee, consisting of Mr. D. G. Hogarth (Chairman), 
Professor R. C. Bosanquet (Secretary), Drs. T. Ashby, W. L. H. 
Duckworth, and F. C. Shrubsall, and Professor J. L. Myres. 

Dll. D. Mai’kexzie reports : ‘ This year’s campaign in Sardinia was 
attended by the singular good fortune that had favoured our ex- 
plorations of former ycai’S. Six more dolmen iornbs were added to 
our list of’ four of last year, making ten monuments altogether of 
inia kind whicli have been discovered by us. The significance of 
this discoveiy may be realised from the fact that, previous to our 
I'osearcbes of last year and this, only one monument of this class 
was known in Sardinia — that near Bironi, referred to by Montelius, 
and since published by Tararnelli. The general scientific result accord- 
ingly is : that we can now say definitely not only that the great Tombs 
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of the Giants were developed from an earlier type of dolmen tomb, as 
has been conjectured by Monteliiis and others, but that this develop- 
ment took place on the soil of Sardinia itself. The mysterious civilisa- 
tion of the dolmen people has long been a puzzle to archaeologists. Wo 
can now, however, confidently say that in Sardinia at least this dolmen 
culture represents an early episode in the great Bronze Age civilisation 
of the Nuraghi. 

‘ A curious circumstance came out in the course of these researches. 
Tlie dolmens in no case showed that juxtaposition to the Nuraghi which 
we had previously found to be so constant a concomitant phenomenon 
in the case of the Tombs of tlie Giants. One might as well have been in 
(Corsica! And it is well known that in the sister island there are no 
Nuraghi, and that there the dolmen type of tomb survived throughout 
the Bronze Age. 

* The last part of our campaign was devoted to a partial exploration 
of the country to westward of Macomer called Planargia as far as 
(higlieri and the sea. 

* The Nuraghi in this whole region arc of the very greatest import- 
ance, especially from the point of view of their strategic significance*. 
Tliey fonn a regular nelAvovk as far as the sea, and one can see hy study- 
ing their positions of vantage that they are all directly or indin'ctly in 
signalling communication witli each other. They are, ns l\lr. Ni'wton 
has well remarked, regulai’ block-houses wliieli might very W(*ll he 
compared with lliose whicli have performed so prominent a part in 
rncxlern warfare, as, for example, in the final stages of the Transvaal 
war. * 

71ie Committee have also received from Dr. Duckworlli a. summary 
of a critical study of Sardinian craniology, whicli the author hopes to 
publish in exlcn^o during the coming year. 


Ethnographic Survey of Canada, — Report of the Committee, consisting 
of Rev. Dr. G. Bryce (Chairman), Mr. E. S. Hartland (Secre- 
tary), Dr. P. H. Bryce, Mr. G. Hill-Tout, Dr. B. Sulter, 
Professor J. L. Myres, Dr. A. C. Haddon, Dr. F. C. Shrubsall, 
Professor II. MoN'rooMERY, Mr. A. F. IFunter, Dr. J. Maclean, 
and the Hon. David Laird. 

After the appointment of the Committee in Ethnology, the Chairman, 
being a Councillor of the Arcliaoological Institute of America, attended 
in December a meeting of the Institute in Baltimore, Maryland. 
Tliis Institute has a Canadian Section. During the meeting he suc- 
ceeded in getting a strong resolution passed supporting the action of 
the British Association in favour of the establishment of a Department 
of Ethnology at Ottawa. 

As President of the Royal Society of Canada, the Convener suc- 
ceeded in getting further co-operation from the Royal Society as well. 
The Chairman being in Ottawa during the meeting of the Dominion 
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Parliament in March and April called together such members as could 
be reached, viz. : — 

Dr. George Bryce, Chairman. 

British Assocmlion: Dr. Benjamin Suitor, Director Brock, Dr. P. 
TI. Bryce, and Dr. Robert Bell. 

Archatnlogical Inslitvie: Principal Peterson and Prolessor 
IMcNaugliton, of Montreal; Gliief Juslice Fiizpatrick, Ottawa; Mr. J. 
J.earmont, Montreal; and Professor Johnson, of Toronto. 

Royal Society: Sir Sandford Fleming, Dr. W. D. T^e Sueur, and 
Dr. Benjamin Suller. 

Tlie Committee waited, by appointment, on Sir Wilfrid Laurier and 
lion. W. Tomj)lonian, Minister of Inland Revenue. 

Sir Wilfrid Laurier graciously received llie Committee, and after 
a full interview promised to give favourable consideration to the request. 
The Chairman watched over the matter furilier, and co-operated with 
tlie Director of the Geological Survey. 

1 1 was finally decided to establish a Department of Ethnology under 
tlie Geological Survey. 

Two sums for the year were added to the Supplementary Estimates 
of 11 k‘ IJous(', of Commons — \\z., one of d2()/. sterling, and the other of 
400/. sterling, the former to pay the salary of an Ethnologist, the latter 
for tlie working of the department. 'J’he Geological Department has 
had already packi'd away 3,000/. sterling worth of most valuable ethno- 
logical material, chiefly from British Columbia. 

During tlie coming autumn it is expected that the largo National 
Museum Building in Ottawa, whicl] has been under erection for several 
years, and is now virtually completed, will be opened, and the Ethno- 
logical Department will be installed there and be in operation during 
the coming winter. 

It will be satisfactory to the British Association to know that an 
ap])ointment has virtually been made of a competent, well-trained 
cllmol^dst, who is thoroughly acquainted with American ethnology 
and arclueology, and who will lake charge ^in October. The appointee 
is a young man and full of zeal. 

All Canadians feel grateful for the action of initiative taken in iliis 
TiKitter by the British Association at its meeting in Winnipeg. 


Notes and Queries in Anthropology. — Report of the Committee, consist- 
ing of Dr. C. H. Read (Chairman), Professor J. L. Myres (Secre- 
tary), Mr. E. N. Fallaize, Dr. A. C. Haddon, Mr. T. A. Joyce, 
and Drs. C. S. Myers, W. H. R. Rivers, C. G. Seligmann, and 
F. C. Shrubsall, appointed to prepare a New Edition of Notes and 
Queries in Anthropology. 

Till-: Committee report lliat the preparation of the new edition of 
' Anthropological Notes and Queries ' is nearly completed, and that the 
volume may be expected to appear in the course of the coming winter. 
'V\\e ('o\umYVV.ee ask to lie reappointed, with the lialance in liand. 
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The Establiahmnt of a System of Measuring Mental Characters . — 
Report of the Committee consisting of Dr. W. McDougall 
(Chamnan), Mr. J. Gray (Secretary), Mr. W. Brown, Miss Cooper, 
Dr. C. W. Kimmins, Dr. C. S. Myers, Dr. W. H. E. Eivers, 
Dr. W. G. Smith, Dr. C. Spearman, and Mr. W. H. Winch. 

The object of the work of the Committee during the past year has been 
to draw up a standard list of mental tests for use in schools and else- 
where. Considerable progress lias been made, though the Committee 
arc not yet in a position to publisli any of tiieir results, as it is necessary 
to undertake special researches in order to establish the value and 
special applicability of some of the tests. 

Two meetings of the Committee have been held, and the Chairman 
has drawn up a memorandum and list of tests which has been sent 
round to otlier nuunliers of the Committee for suggestions. 

As I lie Committee propose to make observations with the tests in 
schools, a certain amount of expenditure in printing cards, t^c., will 
be necessary, /fhe C-ommiltee therefore ask to be reappointed witli 
a grant of 61. 


The Ductless Glands. — Report of the Committee, consisting of Profesvsor 
Schafer (Chairmm), Professor Swale Vincent (Secretary), 
Professor A. B. Macallum, Dr. L. Shore, and Mrs. W. H. 

Thompson. (Drawn up by the Secretary.) 

Mils. Thompson has continued her woi-k on I he ciunparativo aiialoniy 
and histology of the thyroids and parathyroids and some related struc- 
tures. The results will be published shortly in the ‘ Phil. Trans.’ of 
the Eoyal Society. 

The Secretary has been investigating the distribulion and micro- 
scopic anatomy of tlie cliromajdiil tissues in mammals, especially iji 
the dog. I’he results will he published shortly in the ‘ Proceedings ’ of 
the Eoyal Society. 

Drs. Gardner and Mothersill have been engaged upon a series of 
experiments devised to ascertain what changes, if any, occur in the 
chroinaphil tissues after extirpation of, or damage to, the adrenal 
bodies. 

Mr. Heddesheimer is studying the distribution and structure of 
accessory cortical adrenal bodies in mainjiials. 

Dr. llalpenny is continuing his investigations -upon the thyroid and 
parathyroids, and, in conjunction with Mrs. Tliompson, has recently 
])ublishod an account of clianges in the iatier glandules after removal 
of the thyroid. (‘ Anat. An;?.’) 

^riio Committee ask to be reappointed with a grant of A 61 . 
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A9i€vst7i€^tirs. -- Second Interim lieport of the Commitlec, consisting of 
Dr. A. D. Waller {Chairman), Dr. F. W. JIewitt (Secretary). 
Dr. Blumfeld, Mr. J. A. Gardner, and Dr. G. A. Buckmasteb, 
appointed to acquire further knowledge, Clinical and Experimental, 
concerning Ancesthetics — especially Chloroform, Ether, and Alcohol 
— with Special Reference to Deaths hy or during Ancesthesia, and 
their possible Diminution. 

[Platic.s IV., V., .\xi> \’1.1 

APPENDIX PAGES 

I. On thti Princiijha of Ancesthesia by Ether Vapour. Hy Dr. A. D. Waller . 270 

II. On the Rate of Assumption of Chloroform hy the Blood; and the Percentages 
of Chloroform foutid in the Blood of Cats at the Aaphyxial PoinU using 
different Strengtha of Chloroform- Air Mixture. Hy Dr. G. A. Huck- 
iiiastiM' and Mr. J. A. Gardner ....... 275 

III. The. Influence of Oxygen upon the Ancesthdic Effect of Chloroform. By 

R W. M.A., M.D., and A. D. Waller, M.D., RK.S. . . 278 

The Coinniiilee have lield seven laboi'aL'ury meetings during the ])asi 
year, at which apjiaratns for tlie graduated administration of chloroform 
and of ether lias been examined and discussed, and exjieriments made 
therewith n[)on animals, lii addition to snch Formal exjierirnenls in 
presence of (he full Committee, many additional expeihnerits have been 
made and reported to the (Committee: — 

1. On the graduated administration of chloioform vapour. 

13. On (lie graduated administration of ether vapour, 
d. On the elf eels upon the course of anresthesia of diminution and 
augmentation of the percenlage of oxygen in the inspired atmosphere. 

4. On the amounts of chloroform present in the blood and in the 
nervous system of man and of animals after deatli under chloroform. 

These several subjects will be reported^ upon in due course. They 
have involved an amount of detailed work that causes the. Committee to 
state that their work could he considerably forwarded if an assistant 
devoting his whole lime to the matter couhl lie engaged. 

The (Committee, after consideration of .several forms of apparatus 
designed for tlie graduated administration of chloroform, and after 
adequate experience of the use of the cliloroforin-halance for the 
aucTsthesia of animals, believe that this apparatus (am be usefully 
employed in the hospital. They have taken [)reliminary steps towards 
bringing the ap])aratiis into a f<u*m suitable for this purpose, and they 
hope that.it will shortly be set in operation at St. George’s Hospital, 
under the supervision of Dr. Hewitt. 

The principle of this apparatus and its application in the laboratory 
are described by Dr. .Waller in Appendix H. of the Interim Eeport of 
the Committee of last year.' 

The apparatus fulfils what has been recognised by the Committee as 
the most important indication necessary for safe anscsthesia, viz., the 

* Brit. Assoc. Report, Winnipeg, 1909, p. 303. 
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uniform, continuous, and regulated administration of chloroform vapour 
between the limits of 1 and 2 per cent. 

The Committee find that the most convenient and reliable method 
of ascertaining the percentage of chloroform in air consists in directly 
ascertaining on a balance the difference of weight between two identical 
counterpoised bulbs, A filled with air, B filled with the mixture to be 
titrated. 

As regards the production of aniesthesia by etJier vapour, the Com- 
mittee are of opinion that the clinical expenence obtained with an 
unknown percentage of ether vapour requires to be complemented by 
the scientific knowledge of the percentages of ether and air that may be 
necessary and sufficient. It has initiated experiments upon animals, 
from which the provisional conclusion is drawn that a mixture composed 
of approximately one volume of ether vapour and nine volumes of air 
should be safe and suflQcient for the production of smgical anaesthesia. 

Comparative experiments have been undertaken for the Committeo 
by Drs. Veley and Waller during the past year on local anaesthetics. 
The first results have been published in the Proceedings of the Boyal 
Society ^ on the comparative action of stovaine and cocaine as measured 
by their direct effect upon the contractility of isolated muscle. Purther 
observations have been made by Dr. Veley and Mr. Symes on the effects 
of stovaine and cocaine, the results of which will, it is hoped, shortly 
be published. 

Dr. Buckmaster and Mr. Gardner have pursued their investigation 
on ‘ The Kate of Assumption of Chloroform by the Blood * (Appen- 
dix II.), and, arising out of this investigation, have undertaken an 
elaborate examination into the blood-gases, the results of which will 
be published in due course. 

Drs. Hewitt and Waller (Appendix III.) bring forward definite 
experimental evidence that the effect of chloroform is aggravated by 
sub-oxygenation, and attenuated by hyper-oxygenation. 

The Committee have co-opted Dr. V. 11. Veley as a men4)er, and 
ask to be reappointed. The work contemplated for tiic ensuiner year 
comprises : — 

1. On ihe clinical side: the practical application to hospital purposes 
of the chloroform-balance. 

2. On ihe scienlijic side: the further study of the distribution of 
chloroform in the blood and tissues during life and after death, and of 
the comparative power of various local anaesthetics. 

In conclusion, the Committee think fit to call attention to the fact 
tliat the importance of the questions involved is such that during the 
past year resolutions have been adopted by the General Medical Council 
and by the Council of the British Medical Association in support of early 
legislation to secure better regulation of the administration of general 
anaesthetics, and that the recent report ^ of a Departmental Committee 
of the Home Office lays special stress upon the need of careful clinical 
observation controlled by physiological experiments. 

* B, vol. Jxxxii., p. 147, 1909. 

Report of Inquiry into the Question of Deaths resulting from the Administration 
of Anesthetics. Presented to Parliament by command of his Majesty, March 18, 1910. 

1910. T 
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APPENDIX I. 

On the Principles of Ancesihesia by Ether Vapour. 

By Dr. A. D. Waller. 

During rectuii yoars, in consequence of serious niisgivings relating to 
the safety of chloroforni as ordinarily administered, and of the good results 
of ether reported from the United States, many ansesthetists in this 
country and on the Continent have been led to adopt anaesthesia by ether, 
administered by what is termed the open method. ‘ Open ether' was an 
expression frequently employed in this connection at the recent dis- 
cussion on ana3sthetics that took place at the last meeting of the British 
Mc'tliciil Associtdion, and it is rioccssary in llie first instance to undor- 
nh(>\e tJie face, and brought gradually quite close. But it can also he 
‘ Open ether * implies, I understand, any method by which tlie patient is 
not made to breathe and re-breathe tlie same mixture of air, other, and 
accumulating carbon dioxide. It may be effected, as is the Boston prac- 
tice, by means of a mask saturated with liquid ether, held at a distance 
above the face, and bwuglit gradually quite close. But it can also he 
effected by a closed face-piece through which an ether-air mixture of 
ie([uired strength is supplied on the plenum system. In fhis case the 
hi of the face-piece is of set purpose incomplete, there being on the 
j>lciuim system an excess of mixture supplied, which carries away with 
its overflow the products of expiration. The imperfection of closure 
can, if preferred, be secured by an actual oiifice guarded by an expiration 
valve. 

The factor of primary importance in amesthesia by ether, as in 
aiijesinesia by cliloroforiri, is quantity — i.e., the percentage of ether in 
the cther-aiid-air rnixtme offered to inspiration. [ find as the general 
result of prolonged trials, conducted in various ways — (1) that the 
])liysiological power of cldoroform is six to eight times that of ether, 
or, as I expressed it for llio sake of clearness some years ago, that — 

Chloroform _ 7 . » 

Ether “"”1* 

(2) that whereas cJiIoroform-and-air should be maintained at between 
i and 2 per 100, ether-and-aii* is required at between 8 and 16 per 100 
for the production and maintenance of satisfactory anaesthesia. 

Chloroform is par excellence the powerful anaBsthetic. It is easy 
to deliver chloroform-and-air continuously at 1 and 2 per 100 or more. 
And by reason of this facility chloroform anaesthesia, unless great care 
be observed, is dangerous to life. 

Ether is par excellence the safe anaesthetic. It is comparatively 
difficult to deliver ether- and- air continuously at 8 to 16 per 100 ; and by 
reason of this difficulty ether anaesthesia is more troublesome, the 
trouble being to give enough ether. 

A fortiori it is difficult to give too much ether, while it is only too 
easy to give too much chloroform. 

‘ Open ether, ' in any strict sense of the term, is all but an impos- 
sibility with the usual methods of administration by cone or mask, 
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because, in order to secure an effective percentage of, say, 10 to 15 per 
cent., the mask must of necessity be almost quite closely applied. 

Open ether on the plenum system, by delivery in excess of ether-and- 
air mixture of known percentage, has not, as far as I know, been applied 
to the human subject. Prom my experience of ether upon animals 
at 8 to 16 per cent., as compared with chloroform at 1 to 2 per cent., 
I do not think that anaesthesia by ether under the best conditions is 
preferable to anaesthesia by chloroform under the best conditions. 

In the laboratory, where it is possible to employ etlier or chloroform 
under the best conditions, while there is no particular difficulty in the 
way of anaesthesia by ether, there is also no particular reason for 
employing ether in preference to chloroform, because tlie dangers at- 
tendant upon the ordinary use of chloroform in hospital and in private 
]>raciice arc not encountered in the laboratory, where the chloroform 
percentage is regularly under control. 

If chloroform were found to be dangerous in the laboratory I should 
employ ether. And since chloroform is found to bo dangerous in the 
hospital to such a deg]*ee tiuit ether, in spite of iis drawbacks, is largely 
employed in its stead, I find it necessary to describe wliat in my labora- 
tory experience has proved to be the best way of administering ether. 

The first principle regulating the administration of ether in the 
laboratory is the same as it is in the case of chlorofonn. We require, 
above all, to know from moment to moment how much ether is offered 
to inspiration. Admitting, as having been ascertained by previous study, 
Ml at the percentage of ether should be between 8 and 16 per 100 in air, 
there is no difficiiity in the lahoraiory in securing this indicalion. 

The apparatus desiiribed in Appendix II. of last year’s Tieport under 
the name of Uhc Moroform-halance* is converted info an rlhp.r-halavr.c 
by two or three simple modifications: — 

1. The closed glass bulb which rises and falls with increasing 
density of tlie anaesthetic mixture is taken of smaller capacity than for 
the case of chloroform, by reason of tlie higher percentages of ether 
required; 250 c.c. is a coTr'cnicnt size of bulb for an cther-ba]a*nce. 

2. The scale behind the pointer is calibrated for ether instead of 
for chloroform. The graduation is marked 8, 16, and 24 per cent., to 
correspond witli a chloroform graduation of 1, 2, and 3 per 100. The 
working zone for ether is between 8 per cent, and 16 per cent., cor- 
responding with tlie working zone of 1 per cent, and 2 per cent, for 
chloroform.^ 


' The calibration of an ether-balance , — Taking (at 0 and 760 ram. Jig) as the 
weight of a litre of ether vapour 3*308 gram.s 
„ „ of air ^288 „ 

the difference is 2*0^ „ 


.so that in a litre flask 1 per cent, of ether vapour, or 10 c.c., is indicated by a .veight 
of 20*20 milligrammes : — 


1 milligramme indicates, therefore. 


20*i 


per cent. 


or any percentage P = milligrammes. 
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3 The flask or bottle containing liquid ether to be vaporised by the 
current of air should be double, and provided with taps allowing the 
air to be driven into the balance-case, through either bottle alone or 


If, instead of 1,000 c.c., tlio flask (or bulb) measures v c.c. 
P -- 

20*2 V 

If tlio temperatun' is T instead of 0® (273 abs.), 

P = ^ X V ^ 

20-2 V ~ 273* 

If the barometer is B instead of 700 mm. Hg, 


m y BKX) ^ T 760 
20-2 i; 273 B 


or 

log P — log m 1- log 1000 -h log T + log 760 

— log 20‘2 — log V — log 273 — log B 
log wi. -f- 3 4" log T -J- 2*8808 

- 1 *3054 - log v - 2*4362 — log B 
or 

log P = 2*1392 + log w — log V -f log T — log B . . . (1) 

By means of this formula it is easy, if required, to correct readings for temperature 
and pressure, or to calculat(3 what volume v must be. given to a b\ilb in order to 
afford convenient scale readings at average temperature and pressure, leaking these 
as being 18° and 760 mm., the formula becomes : — 

log P -- 2*1392 + log m - log i; + log (273 + 18) ~ log 760 

— I *7223 4- log m ~ log v (2) 

l’h(i application of this simplified formula is best illustrated by oxamples: ™ 

Qiiestion . — Wliat should be the capacity v of a bulb to indicate units per cent, of 
ether by oenligrammti increments of weight at normal temperature (18°) and pressure 
(7f)0 mm. If-g) ? 

A nsicrr. - log 1 ™ 1*7223 -h log 10 — log v 

or log V ~ 2*7223 ^ 

or V — 515*6 c.c. 

What is the wiught m indicating 8 per cent, of ether with a bulb of ^ 
capacity ^ 230 c.c. at normal temperature (18°) and inessuro (760 mm. Hg) ? 

Amwe.r.— log 8 = 1*7223 -f log m — log 230 
0*9031 - 1*7223 f- log m — 2*3617 
log w — 1 *5425 
m - 34*87 

The analogous formulae for chloroform — 1, for correction of readings ; 2, for 
calculation of v and m at average temperature and pressure— are 

. log P = 1-8377 4- log m- log t; 4- log T- log B ... (1) 

and 

log P = 1-4208 + log w — log V ( 2 ) 

The litre- weight difference between ether-and-air (2*020) is almost exactly half 
that between chloroform-and-air (4*045). So that a given bulb graduated for 
chloroform in units per cent, is graduated for ether in doable units per cent., and 
for all practical purposes this same bulb and balance can be used for ether and for 
chloroform. 
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through both bottles in series. The reason for this is the rapid lowering 
of temperature due to rapid evaporation. For the same reason the 
bottles are sun'ounded by a warm water-jacket. In this form tlic 
apparatus has proved to be capable of affording a continuous stream 
of ether-and-air at percentages from 8 to 24 at the rate of 5 to 10 
litres per minute— i.^., sufficient for laboratory purposes, and in all 
probability sufficient for clinical use. The supply of ether vapour at 
known and controllable percentage is ample for ana3sthesia in the 
laboratory, and sufficient to demonstrate there the fatal effects of over- 
dose by ether in comparison with overdosage by chloroform. In this 
particular the effect of a 24 per cent, ether mixture is approximately 
equal to that of a 3 per cent, chloroform mixture. But clinically 
employed there is little chance of overdosage by ether, of which the 
characteristic advantage, and drawback, is that it can be used as clumsily 
as possible with little risk of misadventure other than an imperfect 

Units per cent, indicated by a given bulb on a chloroform scale are to be 
doubled If the bulb is used to indicate ether percentage. 



Fia. 1. — Graphic record of the chloroform percentage at whicli anaoothosia was 
induced. The anscsthesia was coinploto at the end of 11 niiiiutes at slightly 
above 3 per cent. The percentage was then reduced in steps to 2 per cent., 1 per 
cent., and below. Subsequently ansssthesia was maintained at about this per- 
centage for six hours. 



— ^*'^phic record of the ether percentage at which arifflstlic.sia was produced. 
The percentage of ether was raised in three slops to 8, 10, and 24 ])or cent. 
Anassthesia was complete at the end of 15 minutes at the point marked |. The 
percentage was maintained at 24 for a further 10 minutes to the point marked * 
when respiration ceased and the balance- case was opened so that the indicator 
fell to zero. 


The chloroform scale 1, 2, 3 per cent, is at the same time an "ether scale 
2, 4, 6 per cent. But since we require for ether a scale indicatiTig up to a value of 
20 to 25 per cent., it is convenient to use a smaller bulb for ether than for chlorofurin 
obtain indications within such a wide range. Obvioudy, halving the volume of 




anfBstliesia. Skilfully employed, as is the practice at the Massac! lusetts 
General Hospital, perfect ansesthesia is regularly secured, but by an 
application of the mask so close and confined that the phrase ‘ open 
ether ' is no longer properly applicable. 

Skilfully employed, as might be the case if the use of the ether- 
balance were extended from the laboratory to the hospital, it would, I 
venture to think, be very quickly discovered in the hospital, as it has 
been in the laboratory, from comparative observations of the use of 
ether and of chloroform under similar and known conditions, that 
chloroform under such conditions is as safe as ether and more easily 
managed. 

Therefore, although 1 am convinced that the ‘ ether-balance ' could 
be employed in the hospital as effectively as it can be employed in the 
laboratory, I do not recommend it as a hospital apparatus. Any 
ana?stlietist acquainted with the quantitative princi})les and use of an 
ether-balance would necessarily be acquainted with the quantitative 
principles and use of a chloroform-balance. jShj one, I imagine, familiar 
u'ilh both histniim'iits roiilcl full to prefer the latter. And my princi])al 
reusoii for describing the ellwr-hulunce iias h»'en that the deseript ie>ii 
involves considerations that are equally applicable to the chloroforni- 
balaiico, which, in my opinion, is equally safe and more serviceable. 

No instrument for the accurate administration of anaisthetics will 
ever be devised that can dispen^5e with the exiMcise (')f skill and judg- 
ment. It requires some little skill to use a balance properly. Judg- 
ment and experience are In any ease, whether measuring instruments 
he used or not, the neeessaiy guide as to how mucli, and at what rate 
and at what strength, an an;esthelic vapour must bo exhibited to 
different persons under different conditions. By reason of their 
[)hysical and physiological qualities it has come about that chloroform 

Ihu bulb doubles the value of the indications of any given scale, and halving again 
doubles again. Thus 

with a bulb— 800 c.c. the chlorofonn seal* is 1, 2, .‘J per cent. 

„ „ the ether scale is 2, 4, 6 „ 

with a bulb =400 c.o. the chloroform scale is 2, 4, G „ 

„ „ the ether scale is 4, 8, 12 „ 

with a bulb =200 c.c. the chloroform scale is 4, 8, 12 „ 

„ „ the ether scale is 8, 16, 24 „ 




ITia. 8. 



ON.ANiKSTHETlCS. 


275 


is regarded as more dangerous than ether. I have attempted in tliis 
report to indicate the precise reason of the difference. And in conclu- 
sion, in order to illustrate the point that it is useless to compare drugs 
without reference to their quantities, I give two records. One, of the 
first twenty-five minutes of a chloroform anaesthesia in which the per- 
centage was raised for a few minutes up to 3 per cent., then dropped to 
2, 1*5, 1, and 0'5 per cent, (and subsequently kept up for six hours at 
below 1 per cent.); the second, of an ether anaesthesia at 24 per cent., 
in which respiration ceased at the end of twenty-five minutes. 


APPENDIX II. 

Ow the Rate of AssnmpHon of Chloroform hy the Blood; a 7 id the Per- 
centages of Chloroform, found in the Blood of Cats at the Asphy.vial 
Point, using different Strengths of Chloroform-Air Mixture. By 
Dr. G. A. l^rcKMASTEK rn/f/ J. A. (lAijONEn. 

Ill our last report we brouglit forward evidence to show that the 
cliloroform content of the blood rises in the initial stages of anaesthesia 
with great rapidity to a value which approaches a maxiinuin. During 
(his period the quantity of chloroform in (he i)lood a})pears to affect 
particularly the respiratory (-(Mitres, .so lliat hreilhiii^ lu'comes slower 
and often ceases during the first few minutes of anaesthesia, and it may 
))(' necessary to resort to artificial rosjiiration in order to prevent the 
animal dying. The cessation or slowing of n^spiration at tiiis stage is 
most liable to occur with high peiTentagcs of chloroform - -/.c., above 
2 per cent. Thus a definite djingor-point occurs in the first few 
minutes of aiifpsthesia, owing to paralysis of the i-espiratory nervous 
mechanism. The steepness of the curve rejiresenting the iaitial rise 
of chloroform in the blood is also increased by increasing the strength 
of the chloroform-air mixture inhaled. If (bo animal natuially passc.s 
Ibis stage, and is restored either by stoj»ping (lie cliloroha m inhalation (-r 
by artificial respiration, then, on coni inning tJu' ana^stbei ic. the amount of 
chloroform in the blood quickly rises again towards a maximum v'due. 
An equilibrium between the pressures whicli delorniino the amount 
of chloroform in the blood subsequently apjiears to bo obtained, the 
processes of intake and output at the surface of the limg going on side by 
side. This state of ecpu’librium is reached and may persist for a con- 
siderable length of time. During this ixM-iod the animal can always 
be kjjled by chloixiform, even though the percentage of chloroform in 
the blood rises only very slowly. We would emphasise the point that 
while the absolute difference between the amounts of chloroform in the 
blood throughout this anfesthetic stage and that present at death is very 
small — e.g., 20 mg. per K)0 coin})ared with 4 IS mg. per 100 — the 
relative difference is considerable — i.e., more than double. 



Further evidence on these points 
recorded in the following tables: — 

is given by the experiments 

Rede of Assumption of Chloroform hy the Blood, Prior Ancesthetic NiO—CHCh, 

Administered from Bags and Tested hy Densimetry. 

Experiment 1. — CHCla 2 per cent., from bag 


Time in CfKU.i i>er cent. 

mill. 

of bloo<l 

0 

•0198 

10 

•0266 

20 

0300 

30 


40 

•0/00 

60 

*0^30 asphyxia. 

Experiment 2.— CHCI3, from bag as before 


2 

•0056 

3 

•0078 

6 

•0157 

11 

•0193 

16 

•0300 

30 

•0250 

40 

•0325 

50 

•0460 

GO 

•0290 

70 

•ai30 

80 

•0510 asphyxia. 

Experiment 3.— ClTCl^ 2 per cent., from siiecialWoulff bottle at constant tenipeia- 

tore, and frequently t»*sted by densimetry : — 


1 

•0130 resp. 180 

3 

•0247 resp. 91 

6 

•0236 resp. 77 

10 

•0340 

15 

•0220 

. 20 

•0310 

30 

•0320 

40 

•0460 

50 

•0380 

81 

•0470 

93 

•0510 asphyxia. 

Experiment 4. — CHCl.,, given by bottle before, and frequently tested : 3-4 per 

cent, all the time ; — 

1 

3 

6 

10 

•0498 

•0660 ^ stopped breathing, 

•0366 !• then slow breathing, and 

,Mno 1 recovered itself without 

^ ) cessation of CHC3s. 

15 

•0520 , 

20 

•0600 1 

30 

•0620 [breathing regular an'/ 

40 

•0610 f steady. 

50 

•0660 

65 

•0660/ 

58 

•0650 asphyxia. 
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Experiment 5. — ^In which successively increasing amounts of CHCI 3 were given 
from tested bags : — 


CHCls 2 per cent. 

4 

•0167 

3 .. 

15 

•0220 

3 ff 

23 

23} 

•0370 

4-6 



32 

•0399 


4G 

‘0520 asphyxia. 


animal allowed to recover 
partially, then killed by 
air bubbled through 
CHCJ3. 


Experiment 6. — Instance of a troublesome animal that kept ceasing to breathe 
and had abnormal and varying typo of respirations and unusual twitchings : — 



'J’ime in 

CHCla i)er cent. 


min. 

of blood. 

CHCI 3 

2 per cent. 7 

•0120 


26 

•0220 

bags changed to 

3 41 

*0310 (near asphyxial point). 

f animal brought round arti- 
•0280 j ficially and killed by 4’5 
[ per cent, in 1 1 minutes. 


Series of Data as to the Amount of Chloroform in the Blood at the Aaphyxial 
Point under Various Percentages of Chloroform Inspired^ 

1. Experiments in which asphyxia was rapidly reached — within 
fifteen minutes, and before any equilibrium had been reached. ‘ Early 
asphyxia ’ : — 


Av(*rage of 
number 

Inspired air, 
chloroform 

Mgms. of 

Limits in 

per 100 gms. 

extreme 

<if experiments 

per cent. 

of blood 

experiments 

7 

3-4 

48 

26-63 

3 

4-6 

38 

37-41 

2 

5 

40 

40^1 

2. Experiments 
been established. 

in which asphyxia occurred after equilibrium 
Late asphyxia ' : — 

15 

about 2 

46 

3&-66 

7 

3 

62 

42-61 

6 

3*6 

49 

48^7 

3 

4 

63 

44-68 

2 

4-6 

69 

41-77 


From the data given, which obviously are as yet insufficient to 
warrant a precise conclusion, it is clear that the differences in experi* 
rrients as regards the chloroform percentage in inspired air are so great 
that it is difficult to assign a value to the relation. Nevertheless, there 
is on the whole at the asphyxial point an augmented percentage of 
chloroform in blood with augmented percentage in inspired air. 

Without laying undue stress upon the results of individual experi- 
ments, we may give the following diagram to illustrate the actual 
percentages found in the blood of two different animals anaesthetised 
by chloroform at between 3 and 4 per cent, and at about 2 per cent. 



Fig. 4 



Plotted curve of tiie amount of obloroforni found in the blood of two cats during the 
drst hour of administration of chloroform at between .3 and 4 per 100 and at about 
2 per cent, respectively as detennined by densimetry. 


APPENDIX III. 

The Influence of Oxygen upon the Anasthetic Effect of Chloroform, 
ByF, W. Hewitt, M,A,, M,D., and A. D. Waller, M.D,, F.R.S. 

The ill-effects of chloroform sometimes encountered in practice, 
referable to a state of sub-oxygenation, and the considerable 
measure of success that the Both^Drager apparatus^ has met with 
in Germany, as well as the definite evidence of the beneficial effect 
of oxygen inhalation that has been brought forward by Leonard 
Hill, have induced us to make careful experiments under strict labora- 
toi^ conditions as to the comparative effects of chloroform with de- 
ficiency and with excess of oxygen in the diluent air. 

The first condition necessary — i.a., an unlimited supply of chloro- 
form vapour of definitely known constant percentage, whether in air 
or in air plus or minus a given proportion of oxygen — is fulfilled by the 
chloroform balance far more effectively and conveniently than is possible 
in any other manner. The slight correction of graduation rendered 
necessary by the fact that the density of mixture is slightly altered by 
ilie variation of oxygen is easily corrected by means of a light rider on 
the counterpoise side of the beam. 

This automatic correction of zero requires no calculation, and the 
correction within the scale itself is practically negligible. With the 
three mixtures we have employed — ^viz., oxygen 7 per cent., 21 per cent., 
and 97 per cent. — ^the weight-differences at the two extremes do not 
exceed J per 1,000 and 1 per 100 respectively. 

The great advantage of possessing this guarantee of the constancy of 
chloroform percentage during prolonged experiments, as compared with 
the insecurity offered by any fixed instrumental graduation, or even by 
limited volumes of mixture occasionally sampled more or less accurately 

> The delivery of this apparatus was examined and reported on, six years ago, by 
Dr. Waller. Untiah Medici Journal, Daoember 24, 1904, p. 1687. 
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Effect on respiration ami bloo(l-pre>snre of chloroforii) 
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by a laborious chemical analysis, consists in the feeling of certainty 
that irregularities of results, if present, are not due to instrumental irre- 
gularities of quantity, but are in reality the expression of physiological 
differences. As a matter of fact, however, under these conditions, 
where there is no irregularity of chloroform percentage, there is a 
remarkable regularity of physiological effects. 

A comparatively small number of experiments in which the chloro- 
form percentage has been maintained scrupulously constant at, say, 
2 per cent. , while the oxygen percentage has been taken at and below 
and above the normal — e,g,, at 7 per cent., at 21 per cent., and at 
97 per cent.^ — enables us therefore to conclude with certainty that the 
intensity of the chloroform effect is greater than normal at a lower 
percentage of oxygen, less than normal at a higher percentage of 
oxygen. The following experiments and records are given as being 
representative : — 

Experiment 1, April 29. — To demonstrate the effect of excess and 
deficiency of oxygen upon ariiesthesia by chloroform vapour at 2 per 
cent. 

Oat, 3*2 kilos., aneBsthetised under a bell -jar by ether at an unknown 
(liigh) percentage, subsequently maintained in aneestbesia of variable 
depth by inhalations of chloroform at 2 per cent, as indicated in the 
protocol. Each period of anaesthesia lasted for five minutes. The 
depth of anHBsthesia was gauged by the corneal reflex, which was more 
or less brisk at the outset of each period, and more or less completely 
abolished at the end of the period. When necessary the anaesthesia was 
maintained by a sufficient amount of ether vapour. 


Time. 
0 mill. 

II „ 


' Auasiithesia by ctlicr. 

' Tracheotomy under ! 
. ether cannula in 

carotid i 

\ 


Blood pressure 


Respiration 


Ooriiuul reflex j 
at the end of 
each period 
of CHOI. 


, 

% 

% 



66 to 60 , UirCl 

2, Oxyift ‘11 95 Fall from 150 to lOU mm. Hg 

No dimiuutiou 

(FiK.6) 67 to 72 1 

2 

20 

150 to 76 „ 

Diminution 

80 to 85 

2 

If 

130 to 60 „ 

Arrest 

(Fig. 7) 102 to 107 

2 

95 

140 to 130 „ 

Slight dimiimtion 

123 to 128 

2 

• n 

140 to 50 „ 

Arrest 

i 136 to 141 

0 

7 

unaltered „ 

Unaltered 

> (Fig. 8) 148 to 168 

2 

" »» 

130 to 40 „ 

Arrest 

1 166 to 180 , 

i 

20 

126 to 100 ,, 

Diminished 



(where itremainedfor 15 min.) 


180 to 182 

6 

20 Fall from 100 to 25 mm. Hg 

Arrest and death 


Diminished 

Abolishetl 

Diminislicd 

Abolished 

Unaltered 

Abolished 


It is clear from this protocol that the effect of chloroform is regu- 
larly greater and smaller with smaller and greater percentage of oxygen, 
as gauged by the fall of blood pressure, the reduction of respiration, and 
the abolition of the corneal reflex. From which it appears to be legi- 
timate to infer that under such conditions oxygen has an influence 
antagonistic to that of chloroform. This counteraction appears to hold 
good for the higher and more dangerous percentages of chloroform, as 
indicated by the next experiment. 

‘ Brin’s oylinders of oxygen, according; to Mr. Gardner, have 97 per cent, of 
oxygen and 3 per cent, of nitrogen. With 2 per cent, of chloroform the oxygen 
percentage when Brin’s oxygen is employed is approximately 95 per cent. 



REPORTS ON THE STATE OF SCIENCE. 




Ekperiment 2, June 3. — ^To demonstrate that it is easier to kill by 
chloroform-and-air than by chloroform-and-oxygen. Oat, 2*2 kilos., 
anaesthesia in bell-jar by OHOh, 2 per cent, at 4’51. Cannulae in 
trachea and carotid at 6*14. Anaesthetic mixtures of (1) ciiloroforin- 
and-oxygen, (2) chloroform-and-air inspired by animal from balance- 
case through a Chauveau 's. cannula. 

Blood pressure 

616 (25th min.) CHCI3 3% + Oxygen 96 % 1 26 inin. Hg. 


6 20 (29th „ ) 


5- 21 (30th 

6- 22 (31st 


3%{ 

4% 

4% 


Corneal rcricx ^ 
abolished J 


Fig. 9 


5-30 (Sytli „ ) 


6-81 (loth „ 

6-32 (41st „ 
6 33 (42nd „ 

6-34 (43rfl „ 

6-35 (44th „ 
5*36(46tli „ 

5- 37 (46th „ 

6- 38 (47th 


^Chloroform off 
until corneal 
rellcx was just 
perceptible 
GHCl., 


(Recovery; 


( Chloroform on 1 
(with air), i.e., [■ 
oxygen 20 % J 
) CUCl, 4% 


5% 


126 

125 

120 

100 


5 24 (.,3rd 


) 

II 

«% 

90 

n 

[5 26 (.mh 


) 

II 

f Itespiratioii 1 
'O 1 diminished / 

80 

»» 

1 6-26 (36th 

r 

i ’* 

) 

II 

6% 

80 

„ 

Is-f7 (86thJ 

1 

tt 

) 

II 

6-6% 

80 


5-28 (3rth 

ff 

) 

II 

6-5% 

80 


6'29 (38th 

II 

) 

II 

6-5% 

80 

II 


80 

85 

100 

130 

110 

140 

110 

1)0 

85 


|5-39 (48th 1 

1” 

) 

II 

5-6o/„ 


75 „ 

'ig. 10 j 6-40 (49th 

■ 

) 

II 

fi%{ 

Itespimtioii ] 
ceases / 

60 „ 

[5-41 (60thJ 

1 

II 

) 

II 

6% 

•10 

* 6-42 (61st 


) 

11 

6% 

(L'eatli) 

-0 ,. 


The Dissociation of Oxy-Hceimglohin at High Altitudes. — Report of the 
Committee, consisting of Professor E. H. Starling (Chairman), 
Mr. J. Barcropt (Secretary), and Dr. W. B. Hardy. 

The Committee appointed in 1909 were prepared to place the grant at 
the disposal of the Secretary for the purpose of carrying out the investi- 
gations in any suitable place; they expressed a pioferencc, liowever, 
in favour of the laboratory at Monte Kosa. It was found impossible 
for the Secretary to carry out liis intention of going there in the summer 
of 1910, and therefore the grant has not been drawn. 

The Committee think it extremely desirable that tlie work should 
be undertaken, but they realise that the progress which one person can 
make with such a research in a few weeks, under the difficulties which 
must necessarily be encountered, is very small. They have tlierefore 
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ascertained that Mr. Ff. Eoberts is prepared to take part in the work, 
should the funds necessary to meet his out-of-pocket expenses be forth- 
coming. Mr. Eoberts is acquainted with the technique required for the 
research. 

The Committee therefore request that the grant pf last year be held 
at their disposal, and that in addition a like sum be added to it. 


Electromotive Phenormna in Plants, — Report oj the Qommittee, consist- 
ing of Dr. A. D. Waller {Chairman), Mrs, Waller [Secretary), 
Professors F. Gotch, J. B. Farmer, and Veley, and Dr. F. O’B. 
Ellison. (Drawn up by Dr. A. D. Waller.) 

FAGB 

Apfbitdix. — On the Blaze Currents of Laur I Leaves in relation to their Evolution 

of Prussic Acid. By Mis. A. M. Waller 288 

I. Introduction. 

In last year's report of the Committee upon the Electrical Phenomena 
and Metabolism of Arum Spadices principal stress was laid upon tlie 
effects of heat upon the excitatory phenomena of animal and vegetable 
tissues, gauged principally by their electromotive responses. 

AYe showed then (1) upon muscle, (2) upon nerve, (3) upon petioles 
of plants that the brief application of an amount of heat insufTicient to 
effect injury elicits an electrical change that is tlic reverse of that 
elicited by injury and by excitation; and as general conclusion of our 
observation we found that the effect of ‘ thei*niic stimuli,' so called, is 
anti-excitatory or inhibitory in character. 

Without having fully reconciled the ai)parcnt incongruity of this 
result wit]} the well-known fact that rise of temperature accelerates 
chemical change and increases the excitability of living tissues in rela- 
tion to bi’ief stimuli, we have pursued our investigation of the general 
relations between physiological phenomena and temperaiure»in bolli 
animal and \TegetahIe tissues. 

Wo have in particular investigated (1) the rate of action of drugs 
upon muscle and (2) the rate of change taking place in laurel leaves. 
The study of laurel leaves has brought us back to the consideration of 
the electrical phenomena associated with eTizyme effects, and has led 
us on to a special study of hydrocyanic acid. The eIabf*ration of a 
method for tin* rpiantitative estimation of hydrocyanic acid in laurel 
leaves has placed in our hands a method for its quantitative estimation 
in minute quant ities in animal as well as in vegetable tissues. We have 
further satisfied ourselves that the method is applicable (1) to medico- 
legal cases of suspected poisoning by prussic acid or by cyanides, and 
(2) for the purposes of agricultural chemist ly. 

Communications relating to the subject-matter dealt with by the 
Committee have been made during the past year to the Physiological 
Society and to the Eoyal Society. As regards the medico-legal applica- 
tion of the method, we intend to submit it to criticism in the proper 
quarter by a communication to the Eoyal Society of Medicine. 
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II. Rate of Intoxication and Temperature. 

In order to investigate the influence of temperature upon the rate 
of intoxication we took observations on tlie rate of action upon muscle 
at temperatures between 7° and 25° of alcohol, chloroform, quinine, 
and aconitine. 

W/tli a iiorrniil (6'8 per cent.) solution of ethyl alcohol, e.g., we 
found that muscular contractility w^as abolished at 24® in six minutes, 
at 17® in ten, 14® in twelve, 12® in fourteen, and 7® in twenty. These 
data can be dealt with (a) geometrically by plotting their vakies on 
squared paper, and (b) mathematically by applying a modification of 
Esson’s formula.^ 

(a) Plotting times along the abscissa and temperatures along the 
ordinate the curve of the relation is evidently very nearly geometric ; the 
toxic effect takes longer and proceeds more slowly at low than at high 
temperature. 



Fio. 1. — Curve expressing the relation between the times taken by the complete 
intoxication of a muscle by ethyl alcohol, and the temperatures between 24® 
and 7°, at which the intoxication was effected. 

(b) The modification for our purpose of Esson’s formula is as 
follows : — 

logl^ — logLi _ 
logT.-logT*-”' 


where Tj^ and Ijj are the lengths of time between the application of the 
drug and the cessation of contraction ; T^ and Tj the absolute tempera- 
tures at which the intoxication took place ; m the experimental constant. 
(The value of m obtained from this formula is 1 /555 of the value /x 
calculated by Arrhenius' formula.) 

The values of m came out as follows : — 


For alcohol ..... 

„ chloroform .... 

,, quinine ..... 
(Hydrogen peroxide and hydrogen iodide) 
(Chloric acid and ferrous sul])hato) . 


Temp. 

m coeff. for 10*^ 
20-6 2 02 

14-3 1-63 

26*6 2-52 

20*38 — 

26*5 — 


' \"cIoy and Waller, ‘ Observations on the Rate of Action of Drugs upon Muscle 
as a Function of Temperature,* Proc. Rog. 8oc., B, vol. Izxxii., p. 205, 1910. 
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III. An Objection met. 

An objection having been raised^ to the effect that the direct action 
of a poison upon muscle was not necessarily of a ‘ physiological ' order, 
but that it was of the same character as the airest of action of un- 
organised ferments, the action of aconitine upon (1) ptyaline and 
(2) invcrtiise was compared with its action on muscle. Aconitine, which 
promptly abolished muscular contractility when used in 7i/10,000 solu- 
tion, did not inhibit the action of these ferments in n/1,000 and w/100 
solution. 2 The difference shows that the action of a poison upon proto- 
plasm must not be classified with the action of a poison upon an enzyme. 

LV. The Ecohdion of Hydrocyanic And by Laurel Leaves 
(Primus lauroccrasus). 

The evolution of hydrocyanic acid by laurel leaves in consequence 
of congelation or of their exposure to the action of anaBsthetic 
vapours (first pointed out by Eaphael Dubois and more recently 
studied by Guignard and by Armstrong) affords a case where it 
is easy to study simultaneously (a) the product of an enzyme, and 
(b) the alterations of electrical response that take place under the 
influence of anaesthetics. In this case, in consequence of I he action 
of, e,g., chloroform, an enzyme or enzymes of the emulsin type effect 
the hydrolysis of a glucoside (prulaurasin), and hydrocyanic acid is 
produced, the presence of which is readily detected by means of picrale 
of soda test-papers (Guignard). 

Our first observations were directed to a detejinination of tlie 
parallelism or tlie want of parallelism between tlie chemical and the 
electrical change, regarding these two changes as the associated conse- 
(pience of the same excitatory disturbance of protoplasm by the agency 
of the aiuesthetic poison. But further observations in which a luethoil 
for the quanlitalive estimation of hydrocyanic acid was elaborated 
indicated the insufficiency of any such simple point of view. Tlio 
progressive evolution of iIGN by anaesthetised leaves iimneifSed in 
picrato of soda, correlated with the progressive dimiiiutioii of their . 
electrical response, sliows that the HON begins to appear as the elec- 
trical response disappears, and that it continues to be evolved as a 
post- a lor tern enzyme product long after all electrical sign of life has 
been abolished. The electrical response is abolished in a few minutes, 
and the abolition is final. The evolution of HCN commences to bo 
manifested in a few minutes and continues actively for many hours or 
days.® The relation between blaze cuiieiits and the evolution of HCN 
is dealt with in the Appendix by Mrs. A. M. Waller. 

V. Proloylasm and Water. 

The inference to be drawn from this is that the hydrolysis of which 
hydrocyanic acid is the consequence is a sign of death rather than a 

* Proc, Physiol, 8oc„ February 10, 1910. 

® By waters and Waller, Proc. Physiol. Noc., June 18, 1910. 

3 A. D. Waller, ‘ Aneesthetios and Laurel Leaves,' Proc. Physiol. 8oc.^ Juno 18, 
1910. 
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sign of life. Without denying as a possibility that the change may 
take place in slight degree during life, we recognise as the major fact 
that it docs take place when, as shown by the electrical response, the 
living state has come to an end, and we therefore icgard the entire 
phenomenon not as a manifestation of excitation or intensilication of 
the living state, but as a liberation supervening upon a depression or 
suppression of the living state. 

TJie alterations of weight that take place in anaesthetised or other- 
wise poisoned leaves to which attention was di’awn at a recent meeting 
of the Eoyal Society by H. E. and E. P. Armstrong arc quite intelli- 
gible from this point of view. A normal leaf, in water and in dry air, 



Fig. 2. — Described in the text. 


gains and loses in weight very little in comparison with the gain or 
loss of an antesthetised leaf, because in the former the association of 
water with protoplasm is comparatively firm, whereas in the latter 
water is more easily absorbed and lost. Piguratively expressed, the 
dead matter of a chloroformed leaf is more obedient to variations of 
its surrounding water than is the living matter of a normal leaf. This 
point is illustrated in fig. 2, giving the weights of two similar leaves, 
one of which, A, was normal, while the other, B, had been chloroformed, 
both leaves being subsequently immersed in water and exposed to the 
air as indicated in the figure. The fluctuations of weight by gain and 
loss of water were much greater in the chloroformed leaf B than in 
the normal leaf, A. 
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VI. A New Method for the Quantitative Estimation of Hydrocyanic 

Acid, 

The most important progress made during the past year has con- 
sisted in the elaboration of the method for the quantitative estimation of 
small amounts of HON — i.e., less than 1 milligramme.^ A colorimetric 
method has been worked out by means of which it has been found 
possible to estimate in thousandths of a milligramme the evolution of 
HON by a single laurel leaf during short periods of time — by the day 



EiO. 3.— A])|>aratijs for liio distillutioii and subsequent estimation of iniiiuU 
quantities of JICN in a vegetable or auiiucal tissue. 


or hour at ordinary lernpcratiircs, by the iiiiiiutc at a temperature of 
4.0°. Fig. 3 gives a c'lirvo of HON evolution taken at 40° in periods 
of five minutes. Fig. 4 of tlio same, taken on two individual leaves at 
one minute periods, with the specific purpose of determining as nearly 
as miglit be the time lost between the moment of immersion and the 
lirst appearance of HCN. In the two cases examined this first appear- 
^mco took place during the fourth and during the fifth minute of 
iruesthesia. Under similar conditions the electrical response dia- 
ippeared during the tiiird and fourtJi minute. 

The procedure consists in matching with a colour scale containing 
mown amounts of hydrocyanic acid in picrate of soda the colour of 

' Waller, ‘ A Now Method for Ihj Quantitative Estimation of llydrooyanio Aoid 
a V’^ogotablc and Animal Tissues,* Proc. PhysieV Soc.^ Juno 18, 1910 ; Proc. Royal 8oc,, 
^une ?.0. 1910. 

1910. U 
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picrate ol soda into which hydrocyanic acid has diffused or has been 
distilled (fig. 5). 

The colour of the compound produced by the reaction (sodium is 
fso-purpurate) is remarkably stable. It is not changed by prolonged 
exposure to direct sunlight, nor by boiling. Its intensity is such that 
a convenient unit is afforded by one milligramme IICN per litre of 
dilute picrate (picrate acid OT ; sodium carbonate 1 ; water 100). 

For practical use it is convenient to prepare two scales: — 

2' 1 io T 10 contahung 1 to 10 milligrammes H(JN per litre 
TOltoTl „ 01 to 1 

The coarser of these two scales is intended for use in ordinary 
2-ounce bottles with 50 c.c. of liquid; the finer for use in flat-bottomed 
tubes of the Nessler type with 20 c.c. of liquid. 

In either case the actual estimation consists in the determination 
of a colour number, T, which indicates millionths of a gramme HCN 
per 1 C.U., and gives therefore by simple multiplication by the number 
of C.C. the absolute amount of HON present in any given volume — 
c.j/., a tint 

T 1 in 100 C.C. = 0*000100 grm. HCN 
T 3 in 60 o.o. = 0*000150 „ 

T 0*5 in 20 c.c. = 0*000010 

There is no danger of confusing IICN with either sugar or creatinin, 
since neither of these substances arc volatile. In tlic case of animal 
tissues, acetone, if present, produces only a very slight discoloration, 
and is readily recognised by the iodoform lest. 

Illustrative Experiments. 

The af)piication of the nifitliod as regards laurel leaves will be most 
clearly appreciated by inspection of figs. 4 and 5. As regards animal 
tissues, it will be sufficient to quote four expeririKMils from aiiiorig niany 
others. 

Exp. 12. — Cat, 2 kilos. Death by injection of 0*005 grm. KCN 
( — *002 grm. CN). Distillates of 10 grm. into 10 c.c. picrate. 

Distillate 1. Blood . . T 2*5x21 c.c. . . 62 (IQ-c grm. HCN) 

„ 2. Brain (8 gr.) . T4*5x20Xi08 .112 „ 

„ 3. Heart . . T 1*3x20 . . 26 

„ 4. Muscle . . TO x20 . .0 „ 

Exp. 13 (control). — Cat, 2*5 kilos. Death by chloroform at 5 per 
cent. Distillates as in Exp. 12 of blood, brain, heart, and muscle gave 
no discoloration, i.c. no sign of HCN. 

Observation 24. — ^Maii, aged sixty, found dead in bed on the morning 
of June 21. Distillates taken on Juno 23 of 10 grm. of tissue into 
10 C.C. of picrate to a volume of 20 c.c. 

Distillate 1. Blood . . T 2 

„ 2. Brain . . T 1 

„ 3. Heart . . T2 

„ 4. Musclo . . T 0*6 

„ 6. Viscera . . 'r 20 

(and contents) 


40 (10-« grm. HCN) 
20 
40 
10 
400 
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Observation 26 (control). — ^Woman, aged fifty. Death under chloro- 
form. Distillates as in Observation 24 of blood, brain, heart, muscle, 
and viscera gave no marked discoloration,* i.e., no sign of HON. 


IO-«ffr.HCN 



0- 6 min. 000 10-«gr. HCN 
6-10 „ -f300 
10-16 „ -f66fl 
15-20 „ -f400 
20-25 „ +240 
26-30 „ -f-200 
30-35 „ -flOO 
36-40 -f- 76 

40-46 „ -h 60 
45-BO „ -I- 40 
60-66 „ -t- 26 
56-60 „ -t- 20 


0-60 2000 


Fia. 4. — Evolution of hydrocyanic acid by a laurel leaf weighing 1*1 grm. in 
chloroform picrate at 40° ; picrato changed every five minutes. The total 
amount of HCN evolved was two milligrammes. 


fO'^gr.HCN. 



1200 

HOO 

1000 

900 

600 

700 

600 

500 

400 

300 

ZOO 

too 


?ia. 5. — Evolution of HCN by two laurel leaves A and B, weighing 0*9 and 1*2 grm., 
immersed in chloroform picrato at 40° ; picrate changed every minute. In both 
cases the portion of curve observed is apxjroximatcly a straight line rising at a 
rate of lOO millionths per minute in A, and of 40 in B. In A the first appear- 
ance of HCN took place in the fourth minute, in B in the fifth minute. 


VII. Summary and Conclusion. 

1. In consequence of the action of chloroform on the leaves of 
^runus laurocerasust the electrical response is abolished within a period 
>f five minutes. The leaves are then dead. 

2. Coincidently with the abolition of the electrical response an 
volution of hydrocyanic acid commences. The evolution continues for 
:iany hours after death of the leaf. 

* A faint discoloration, appreciable only by the finc'r scale, of an approximate 
aluo T 0*2, is obtained with normal tissues. It is probably <lue to the pmsonco of 
isetone, as sho'^ by Ijieben*s iodoform test. 

u 2 
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3. The rate of intoxication of a muscle by an ansesthetic is a 
function of the temperature at which the intoxication takes place. 

4. The rate of evolution of hydrocyanic acid by a laurel leaf is a 
function of the temperature at which it takes place. 

5. A method has been elaborated by which it is possible to measure 
the output of IICN by a laurel leaf during a pei’iod of one minute. The 
output has been found to be, e.g., 0*1 inilligrainme per gramme per 
minute at 40° and 0*01 at 20°. 

6. The method is applicable quantitatively as well as qualitatively 
to any vegetable and animal tissue. 

T. By means oi this metliod the distribution of a cyanide in the 
body of a poisoned animal and of man can be conveniently determined. 

8. The organs in which a poisonous cyanide is found post -w art eni 
//? rf^lative iuuonnt aw the heart and t he bruin. It is found 

in smallest relative amount in skeletal tnusede. 


APPENDIX. 

On the Blaze Currents of Laurel Leaves in relation to their Evolution 
of Prussic Acid. By Mrs. A. M. WAiiLER. 

The presence of a * blaze current is a sign that the plant or animal 
tissue is living and also how much it is alive (Waller). A young laurel 
leaf kept in a moist tube from May 2f) to June 9, and tested occasionally, 
continued to give the blaze current quite normally. On May 26 its 
blaze was 0.0150 volt, and on June 9 it was 0.0080 volt. During the 
whole time it gave off no hydrocyanic acid, as shown by the absence of 
discoloration of picrate of soda test-papers (Guignard). 

There are different types of blaze currents, each part of an animal 
or plant having its definite and normal type. The type of blaze current 
is studied by means of Waller’s A B C ^ method. In a laurel leaf, 
as in all other leaves, the blaze runs from external to internal surface. 

All leaves hitherto tested have given the same type of blaze current. 
In response to excitation the blaze generally runs from the upper to 
the under surface, whereas in petals of flowers it runs ‘ homodrome ' 
in the same direction as the exciting current. The blaze current runs 
from the growing point in sterns towards more quiescent parts. 

The blaze current is entirely a local phenomenon, and is confined 
to tliLi exact area excited. A lilac leaf (chosen on account of its 
greater permeability and its lower resistance as compared with laurel 
leaves) which gave a blaze of 0.0300 volt was submitted to chloroform 
vapour by placing over part of its surface for one minute a watch glass 
on the under surface of which was stuck a piece of filter paper soaked 
in chloroform. The blaze was abolished at f his spot, but was produced 
as before at other parts of the leaf. The exposure of such a leaf for 
one minute to air saturated with chloroform vapour is sufficient to kill 
the leaf, but it takes a longer time to kill a leaf immersed in a liquid 
saturated with chloroform. 


1 A. D. Waller, Trans. Roy. Soc., vol. 194, B. 1901, p. 183. 

’ A. D. Waller, Signs of lAft, 1903. John Murray, London. 
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In studying the blaze current of Prunus laurocerasus simultaneously 
with the evolution of prussic acid under the influence of chloroform 
I immersed a laurel leaf in picrate of soda saturated with chloroform 
for one minute and then tested the blaze current. One minute's 
immersion was not suffilcient at the temperature of 40° 0. to start 
the evolution of prussic acid nor to abolish the blaze current. A young 
leaf which gave a blaze of 0‘0600 volt was immersed ten times for 
one minute and tested after each minute, it was then left in a 
moist tube for four days and it still blazed to the amount of 0*0010 volt. 
After four minutes in picrate of soda saturated with chloroform the leaf 
gave no blaze and smelt of prussic acid. The blaze is not abolished 
after two minutes' continuous immersion in picrate of soda saturated 
with chloroform at 40^ C., nor after three minutes’ immersion, but it is 
entirely abolished after four minutes, and the evolution of prussic acid 
is now beginning. A blaze current of 0‘0200 volt was reduced to 

0 0005 volt after three minutes’ immersion at 40® C. 

Blaze currents are more easily studied on young than on old leaves. 
Their more delicate cuticle offers a comparatively small resistance — 
100,000 to 200,000 ohms — whereas a full-grown laurel leaf, with its 
liard shiny surface, has a resistance of many megohms, and is thus an 
impossible subject to work witli in its intact state. However, I found 
that by gently scraping off the thin external epidermis without causing 
injury the resistance was greatly diminished, and good blaze currents 
were then obtained. 

There is a double process at work in all tissues, the polarisation 
effect and the blaze. The blaze is the sign of the actively living tissue, 
the polarisation goes on after its death. A perfectly fresh leaf will only 
show the blaze, but a leaf that is beginning to be abnormal will respond 
to excitation by a considerable polarisation current, which quickly 
subsides and gives place to the blaze current, which lasts five to ten 
minutes and subsides slowly. It is not easy to distinguish with cer- 
i;aiiity between an antidrorne blaze current, which is a sign of life, 
and an antidrome polarisation current, which is a general physical 
effect. The difference) in duration appears, however, to be cliarac- 
beristic. A blaze current is abolished by an amestlietic; a polarisation 
current is not abolished. 

Yellow Leaves. — As a laurel leaf fades it changes colour and 
Falls. From dark green the colour is altered to light yellow. Is such 

1 leaf alive or dead? The answer to this question is afforded by its 
alaze currents, which are unmistakably pronounced (0*005 volt); 
dthough the voltage is smaller than that of the blaze of a normal leaf, 
he galvanometer deflection is relatively large because a yellow leaf has 
i lower electrical resistance than a green leaf. 

Presumably a yellow leaf is a dying leaf. It might, therefore, be 
expected to give off hydrocyanic acid independently of the action of 
insesthetics. But, as a matter of fact, it does not do so; a yellow leaf, 
ike a green leaf, does not give off any HCN in simple picrate solution, 
md it gives off little or no HON in chloroform picrate, according as 
bhe fading is more or less complete. Yet a leaf that would be called 
completely faded, i.e., in which the green colour has disappeared even 
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from its ribs, still exhibits a blaze current, while its capacity for o^«)l^'- 
ing HON under the influence of an anaesthetic has disappeared. The 
colour of such a leaf is changed from yellow to brown by the action 
of chloroform vapour. 


The Effect of Climate upaa HeciJth md Disease, — Fourth Report of the 
Committee, consisting of Sir Lauder Brunton {Clmnmn), Mr. J. 
Barcroft and Lieut.-Colonel B. J. S. Simpson {Secretaries), 
Colonel Sir D. Bruce, Dr. S. G. Campbell, Sir Kendal Franks, 
Professor J. 6 . McKendrick, Sir A. Mitchell, Dr. C. F. K. 
Murray, Dr. C. Porter, Dr. J. L. Todd, Professoi- G. Sims Wood- 
head, and the Heads of the Schools of Tropical Medicine of Liver- 
pool, London, and Edinburgh. 

The work produced by the Committee has consisted in a series of 
observations carried out in the island of Teiieriffe on the subjects of 
ihe effect ol altitude and solar radiation upon the orgniiitiin. The 
Committee are only prepared to report upon the first uf these subjects 
this year. The work was carried on at three stations, the altitudes 
of which were — sea-level, 7,000 feet, and 11,000 feet respectively. 

The dissociation curves of four iiieriibers of the party were studied, 
two completely. 

The figure shows those of B and D. D’s curves were investigated 
at a constant COj tension equal to that of his alveolar air at the sea- 
level (41 min. of mercury). At different altitudes it was found that 
the affinity of the blood for oxygen decreases progressively as the 
altitude increases. In point of fact D’s COa tension became progres- 
sively lower as the altitude increased, and therefore another series of 
curves was delineated in which the COa tension was that of the 
alveolar air at the altitude in question. These curves coincided with 
one an6ther and with the sea-level curve (D). The probable explana- 
tion of these facts is that as the altitude increases the carbonic acid is 
replaced in the blood by some most volatile acid, such as lactic acid, 
and that the total effective concentration of acid is the same through- 
out. The case of B. is somewhat different. B’s dissociation curve 
remained the same throughout, as also did the carbonic acid in his 
alveolar air. Hence in his case also the total concentration of acid 
in the blood remained unaltered. The furtliei* question arises. Is it 
possible to explain the difference between the* two types of reaction? 
in the first place, as shown by the figure, B’s curve at the sea-level 
was somewhat different from that of D. The difference indicates a 
greater alkalinity in B ’s blood. Titration bore out this indication. In 
the second place, considerations based upon his respiratory quotient 
require that in proportion as the COa tension in D’s alveolar air was 
lower at 11,000 feet than in that of B, so D’s oxygen tension was 
higher than that of B. Actual analysis showed this to be true. At 
11,000 feet D had an oxygen tension of 63 mm. and B of 49 mm. 
In the third place, Krogh has shown that the oxygen tension in the 
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blood can be calculated from that in the alveolar air by subtracting 
1 mm. for every 100 c.c. of oxygen absorbed by the lung per minute. 

Fignie showing dissociation curves of B and D at the COj tension of their 
alveolar air at difierent altitudes. 

Percentage 
saturation of 
blood with oxygen. 



0.2 pressure in m.m. of Hg. 

The following table will therefore give the oxygen tension in D*s 
md B's blood under varying circumstances of oxygen intake: — 


Oa absorbed per 
minute 

O 2 tension in D’s 
blood at 11,000 
feet 

O 2 tension in B’s 
blood at 11,000 
feet 


300 o.c. 600 c.o. 900 o.o. ;1,200 o.o. 1»500 c.o. 1,800 o.o. 2,100 c.c. 

i ! ! ! I 

58 mm. 65 mm. '61 mm. 48 mm. 45 mm. ! 42 mm. ! 37 mm. 


I 


146 mm. 43 mm. 39 mm. 36 mm. 33 mm. 

i i ' 


30 mm. ; 26 mm. 

i 
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The degree of saturation of the blood with oxygen at the above 
tensions may be read from the figure. The point of interest is that, 
at rest (i.e., using about 300 c.c. of Oa per minute), B's blood and 
D*s are about equally saturated. Hence, as B was careful not to 
take much exercise, his blood has had no occasion to compensate, he 
was in as strong a position as D, who had compensated. On the other 
hand, were increasing quantities of exercise taken, and increasing 
quantities of oxygen absoi’bed, B would be more and more at a dis 
advantage. These facts form at least an intelligible reason why B 
should have suffered from mountain sickness when he attempted to 
take exercise at 11,000 feet, whilst D did not. 


Mental and Muscular Fatigue, — Interim Report of the Committee^ 
consisting of Professor C. S. Sherrington {Chairman), Mr. W. 
MacDougall (/Secretary), Professor J. S. MacDonald, and Mr. H. 
Sackville Lawson. 

Professor Macdonald, of Sheffield, has been engaged especially on 
the physiological aspects of muscular fatigue as studied in isolated 
muscle preparations. A report of his results is presented herewith. He 
separates the phenomenon of contracture as a fatigue effect from that of 
diminution of the height of the contraction. He draws attention to the 
fact that fatigue muscle will do an amount of work similar to the 
amount furnished by a fresh muscle, with less attendant production oi 
heat. 

Mr. H. S. Lawson, of Wolverhampton, has worked on the examina- 
tion of fatigue in schools, and has had a number of school teachers 
engaged in the observations. 

It is urgently desirable that the Committee should be reappointed 
for another year in order to carry their investigations further. 

Interim Report on Muscular Fatigue. Jane 1909. 

By Professor J. S. MacDonald. 

Repeated excitation of exercised frog’s muscle leads finally to a 
complete stage of exhaustion, during which a maintained state of slight 
contracture is present unbroken by any new contractile responses to 
continued stimulation. Prior to reaching this stage, the muscle yields 
contractions steadily diminishing in height and increasing in duration. 
These two modifications do not follow the same law of development. 
It is possible thus to secure a maximal degree of the one associated with 
a minimal degree of the other. Thus also the change in height of the 
contractions is arithmetically progressive, whereas the change in dura- 
tion, increasing at first slowly, later proceeds at greatly increased pace. 
The later stages of this rapid development may be masked when the 
muscle is made to lift a maximal load, and such conditions may give rise 
to the still more complex appearance of a contraction-time, increasing 
at first and later diminishing. 
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In addition, a further and separable effect of previous activity is that 
initial increase in the height of contraction spoken of as Bowditch’s 
‘ staircase.' It is a common opinion that this phenomenon. is to be 
observed in muscle in a fresh state. I have made certain of the fact 
that it is capable of demonstration, not near the final stage of fatigue, 
but at a surprisingly late stage of fatigue. Thus it is possible by the 
interpolation of a short period of rest and a subsequent renewal of stimu- 
lation, after fatiguing a muscle until it yields a contracture upon which 
each new response appears merely as an augmentation of this state, to 
observe this staircase phenomenon in a series of contractions, each 
of which is obviously of a very prolonged, and therefore fatigued type. 
Viewing the prolongation as symptomatic of a severe degree of fatigue, 
it is inconceivable that muscle in this state should contract to a greater 
degree save as the result of an increased excitation. It becomes 
necessary therefore to consider the possibility that the nervous impulse 
conveyed to the contractile material is modified by material within the 
muscle, and that conduction through this material is quantitatively 
facilitated by immediately antecedent use. The staircase phenomenon 
is quite possibly an affair involving tlie concoplasin, and not the con- 
tractile sarcostyles of muscle. In what degree a similar statement 
is applicable, not only to the initial increase but also to the later fall in 
the height of the contraction, remains an open question. 

In order to simplify the investigation of such points, I have directed 
attention to the necessity for a connected conception of the facts of 
muscular contraction, and in a paper published in the * Quarterly Jour- 
nal of Physiology * I have endeavoured to sup{)ly a conception every- 
where consonant with observed fact. According to the views there 
advanced, the relaxation of muscle is an active process reversing the 
conditions effective during contraction, and is to be regarded as a process 
of recuperation tending to reconstitute in the muscle a state favourable 
to the development of a subsequent contraction. 

The increased duration of the contraction of a fatigued muscle, 
mainly but by no means entirely occupying the period of relaxation, is 
capable of treatment as due to a diminished recuperative p. ver. It is 
of interest therefore to place alongside of this statement the fact 
observed by all those engaged in the collection of measurements of 
heat production in excised muscle, that when fresh and fatigued muscles 
are made by adjustment of the stimulation to perform equal work 
fatigued muscle gives off less heat. 

It is fair to assume that less combustion (t.e., oxidation) has occurred 
because the store of combustible material is becoming exhausted. As a 
matter of fact, it has been shown that the presence of a smaller amount 
of such material does actually, without reference to rest or fatigue, 
diminish the amount of heat evolved during any standard contraction. 
Temporarily, therefore, it may be said that a fatigued muscle performs 
similar work, accompanied by diminished oxidation. It is absurd then 
to regard oxidation as the prime cause of contraction. It is, on the 
other hand, more probably a consequence of contraction, not so much 
in the forefront during fatigue. In the paper quoted above I have 
endeavoured to show that this is the case, and lhat oxidation, like 
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relaxation, is a recuperative process, which places a muscle that has 
once contracted in a position to contract again. 

(1) Previous activity is then liable to modify the contraction pro- 
cess, as in the case of the staircase, by modifying the transmission of 
excitation through a muscle — that is to say, by modifying the mode of 
transmission of electrical charges. Since this transmission depends 
upon the electrolytes of muscle, we may look for modifications in these 
electrolytes as due to previous activity, and possibly responsible for 
many of the best-known incidents in fatigue. 

(2) Previous activity also affects the store of combustible material 
within muscle, and so greatly modifies its recuperative power. 

As to the manner of the recuperation, which is partially defeated by 
fatigue, it. is possible tliat there are differences in such different cases 
as those provided by the muscle of cold- and warui-blooded animals re- 
spectively. When the recuperative processes of the rel rxation period 
have done their work, there is still need for further recuperation. This 
is clearly seen in the case of Irog^s muscle. Thus, 1. have made sure of 
the fact, that even the second contraction of such a muscle is modified 
by the occurrence of the first to a demonstrable degree provided that it 
is observed within a certain period, much more prolonged than that of 
visible change, after the occurrence of the first. The secxDnd contrac- 
tion is not only higher (staircase), but is even more clearly prolonged. 
Oxidations, accelerated by contraction, and these are the whole source 
of energy, are occurring in this later period of recuperation, just as 
also in the first recuperative period of relaxation, but are here more 
clearly seen as alone in action. In what form do such processes provide 
their energy? Conceivably this energy may be placed at the disposal 
of the muscle in the simplest way, as so rrmch heat, or as some oilier 
form of energy. 

It is in this connection that I have continued an investigation of the 
relation between temperature and the internal osmotic pressure of 
muscle, since contraction is probably due to variations in the distribution 
of this factor within the muscle, but so far without observing any corre- 
sponding change not similarly producible in ‘any simple solution having 
none of the attributes of ‘ muscle.’ This investigation has, however, 
si ill to be continued into the case of mammalian muscle. 

It is clear that it would militate greatly rgainst the average efficiency 
of the muscles of cold-blooded animals if their energy was delivered to 
them in the form of heat, and the only conditions determining an addi- 
tion or an abstraction of energy were variations in external temperature. 
The muscle of the warm-blooded animal is more fortunately situated 
behind the protection of its constant temperature regulation, and is in a 
better position in this respect. The usual expectation is that muscle of 
tliis second class is more complex in its relation to its oxidative sources 
of energy. It is probable that the fact is the reverse of this, and that 
the warm-blooded muscle is more simple and does actually owe the 
physical condition of its internal solutions, upon which the phenomenon 
of contraction depends, to the heat provided by the processes of oxida- 
tion. That is to say, that it is conceivable that the maintenance of a 
constant temperature is also to be regarded as the maint/enance of a 
constant bank of energy. 
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In this report I have endeavoured to make it plain that experi- 
mental fatigue is jusf'such an experimental modification as facilitates a 
study of the processes of muscular contraction, and also explain the* 
lines along which this study is being undertaken. The progress of the 
investigation is not sufficient to warrant any more direct form of 
statement. 

Interim Report (No. 2 ). — Mental Fatiyue in Schools. June 1910. 

By Mr. H. Sackville Lawson. 

This investigation, an outline of whicli was given in a previous 
report, was begun in November 1908. TJie experimental part of the 
work will have been completed by the end of July 1910. 

The general object has been to discover what relation exists between 
the proved ability (relative) of a subject and his capacity for continuous 
work at high pressure; to discover, that is, whether an able boy is more 
resistant to fatigue Hum one less gifted. 

Tlic local Committee engaged on this investigation consists of three 
head-masters of elemeiitaiy schools and the present writer. The number 
of boys experimented on is thirty, ten from each of the three schools. 
Lach boy was within two months of nine years on January 1, 1909. 
The nature of the experimental work has been twofold. It has been 
the aim of the Committee — 

(1) To obtain, by riieans of suitable tests submitted, a ‘ General 
Intelligence ' Order of Merit for the thirty boys. 

(2) To provide continuous work of such a nature and for such a 
period of time that fatigue effects may be shown. 

Part I — General Intelligence Order of Merit. 

Twelve tests have been given. The length of time for a single test 
has been from five to ten days. The Pinal Order of Merit has been 
obtained by aggregating the places obtained in the various intelligence 
tests. This Final Order is considered to be a hierarchy of Natural 
Intelligence. Incidentally* it may be mentioned that a separate order of 
merit has been obtained by the ordinary scholastic examination methods. 
This has been found to correlate with the other to the extent of 0*GL 
where 1 = complete similarity of rank or identity of position. 

Part II. — Fatigue Tests. 

The general method of procedure has been as follows: — 

Written work, generally of a mathematical nature, has been given 
for a period of half an hour per day. This half-hour has been taken 
either at the beginning or at the end of the school day. On the expira- 
tion of each five minutes a signal has been given in order that the 
output per period may be calculated. Thus there have been six con- 
secutive periods each of five minutes* duration. The output in sums 
completed per period, as well as the number accurately done, has been 
calculated. Increase in rapidity and improvement in accuracy have 
been assumed to be due to the favourable influence of practice, while 
the reverse result has been ascribed to the inhibiting effects of fatigue. 
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Since ‘ Practice * and ‘ Fatigue ' are forces opposed to each t>ther, 
in that they react on the individual in contrary manner, it follows that 
the effect produced must be a resultant one. Where the urging forward 
tendency is strong the pushing back may yet be present latently. A 
20 per cent, increase due to Practice would hide a 10 per cent, diminu- 
tion due to Fatigue. 

The figures given below represent the resultant generic effect i)ro- 
duced by Fatigue Test A. 



1 

Number 

A 

H 

(? 

Pcrioil 

liongth ' 

of 

< )ut}mt 

Output 

Per (•(■lit. of Sun 


. 

Djiys 

(gross) 

(actMiriU‘it‘s) 

doin' (’orreetl.N 

I 

5 minutes 


880 

.032 

60-5 

II 

ft 

5 

798 

448 

560 

HI 

ft 

a 

854 

455 

53-3 

IV 

ft 

5 

804 

438 

54*8 

V 

>* 

6 

790 

406 

510 

VI 


5 

1 795 

379 

47-5 


The figures in columns A and B represent the sum total of the 
efforts of twenty-five lx)ys. Column 0 shows the accuracy output per 
hundred suras per period. 

In the instance considered the worst period is the last, the best 
period the first. The coefficient of diminished accuracy is found ^ by 
subtracting the minimum value (47*5) after the maximum (60*6) has 
been obtained and dividing this number by the maximum value. Thus 

60*5 - 47*5 = 13; and = 0*2148, or 2 J *48 per cent, where the 
ou*o 

number 100 represents absolute inaccuracy and 240 a condition of com- 
plete sustained accuracy. It is assumed provisionally that the falling off 
in accuracy is due to fatigue. In this manner the individual perform- 
ances have been calculated and an order of merit has been obtained. 
The top boy in the order is he who shows the least susceptibility to 
fatigue, who maintains, that is, the steadiest output of accurate work 
period by period throughout the time allotted to the test. 

The crude coefficient of correlation between this order and the 
Final Oi'der of Intelligence is 0*22, or ar a percentage of 22 where the 
number 100 represents similarity of rank or identity of position. When 
the order of merit (fatigue) is inverted, and the top place assumed by 
that boy who shows the greatest susceptibility to fatigue, as measured 
in terms oi diminished accuracj^ of output, the coefScient of correlation 

/s -m 

With regard to the other fatigue tests, the clerical work is not yet 
finished. They may, however, briefly be summarised as follows : — 

Test A . — Addition sums. Two digit numbers. Five numbers in 
column. Thirty minutes a day for three days. Given at conclusion 
of school working day. 

Test B . — Counting squares. Size of a square inch. Thirty 
minutes a day for five days. Given at commencement of school 
working day. 

^ CH La Fatigue Intelleciuelle (Biaot), p. 242. 
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Method . — Pencil clot is made in each square. Across every tenth 
square a diagonal is drawn. Unit effort is ten squares. Number of 
units marked noted per period. 

Test C . — Mulliplicrition sums. Five digit numbers multiplied by 
two digit riiiiiibei's. Thirty minutes a day for two days. Given at 
conclusion of schnol working day. In each of tlic^se tests a signal was 
given at the end of each five-minute period in order that the output 
per })eriod might I c calculated. 

Test D . — Dotting test. The machine which is being used is Dr, 
llivei's’ modifiration of Dr. DougalTs apparatus. 

The Committee hope to produce their report in December. 


Body Metabolism in Cancer. — Report of the Committee, consisting of 

Professor C. S. Sherrington {Chairman) and Dr. S. M. Copeman 

{Secretary). 

Consideration of the curves of cancer mortality in the human subject, 
whether male or female, discloses the interesting and important fact 
that cancer is not, as is usually thought to be the case, a disease of old 
age, however much it may be related to senescence of certain of the 
body tissues. As a matter of fact, the disease is of extreme rarity in 
the later years of life, especially in the female sex. Thus the charac- 
teristic feature of the age incidence of cancer, as pointed out by Roger 
Williams and others, and as demonstrated by the returns of the 
Registrar-General, is not its continued increase with advance of years, 
but rather its disproportionate augmentation in the post-meridian periods 
of life — i.e., between the ages of forty-five and sixty-five years — liability 
to the malady waxing as the reproductive activities wane. The facts, 
indeed, clearly show that cancer is not a disease of senility merely, 
which per se pla^s no part in its development. 

In the animal world the age incidence of cancer is evidently governed 
by a similar law, as has been demonstrated by Strieker for hdrses and 
dogs, and by Bashford and Murray for mice ; all these observers being 
in agreement as to the rarity of malignant tumours in early life and 
their relative frequency in later life, antecedent, however, to onset of 
old age. 

In the light of these facts it would seem not improbable that the 
onset of malignant disease, whether in man or the lower animals, may 
have intimate relationship with diminished or perverted functioning of 
!;he reproductive organs, which, under normal circumstances, may be 
regarded as exerting — possibly by virtue of their so-called ‘ Internal 
secretions * — some restraining ajid co-ordinating influence on the 
5;rowth of the somatic tissue elements. 

Evidence of the existence of such a controlling influence is found in 
the fact, on which there is now general agreement among those engaged 
in the experimental investigation of cancer, that whereas transplanta- 
tion of ‘ spontaneous * cancer in the mouse to nonnal individuals is 
apt to prove successful in but few instances when full-grown animals 
are employed for experimental purposes, complete insertion success has 
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not infrequently proved possible of accomplishment when mice of not 
more than six or seven weeks old are used. In view of the furlJicr fact 
that fanciers are agreed that the mouse is incapable of reproduction 
before the age of three months, while six months is generally stated to 
be the earliest age at which these animals should be mated in order to 
ensure healthy offspring, it would appeaii Hbat the greatest measure of 
success in experimental implantation of cancer in this animal is ol)tain- 
able only during the period of life antecedent to full or even commencing 
activity of the reproductive functions. On the other hand, implanta- 
tion of cancer material from one mouse to another is least likely to be 
attended by success when the recipient is of an age at which these 
functions have attained the stage of full activity. 

For these and other reasons it appeared desirable to investigate the 
question as to whether any of the products of the reproductive glands — 
presumably given off, under normal circumstances, in the Torra of an 
internal secretion — can be shown experimentally to influence, in one or 
another direction, the development of cancer as wjjnessed when this 
disease is experimentally produced in the mouse. For the prosecution 
of this investigation facilities have been most kindly afforded by the 
Executive Committee and the Director (Dr. Bashford) of the Imperial 
Cancer Kesearch Fund, and the Committee is much indebted to them 
for a generous supply of material. 

Although at the present time but little doubt exists as to the produc- 
tion of an internal secretion by the testes and ovaries, practically nothing 
is known of its nature and composition. It has, however, been sug- 
gesled that its main constituent is in all probability derived from meta- 
boJisin of nucho-protelds which arc present to so considerable an extent 
in the tissues of the reproductive glands. Professor von Poehl, of Bt. 
Petersburg, and others have, indeed, claimed that spermin, a crystallis- 
a\)\e substance wliich has been isolated from the testes, prostate, ovaries, 
and in less amount from certain other organs and tisiimes, constitutes 
the essential principle in question. For the purposes of the present 
investigalion, therefore, it appeared desirable, in the first instance, to 
make use of this substance (of which Dr. von Poehl, the successor of 
the late Professor von Poehl, kindly provided supplies), employing, in 
addition, freshly prepared emulsions of mouse testes, extracts of drie<l 
and powdered testes freed from nugleo-piOteid, boiled watery extracts 
of the testicle of various animals, and a solution of nucleinic acid of 
orchitlc origin. In every instance the action of all these various sub- 
stances was tested on the mouse by hypodermic injection, while fresh 
emulsion of testes and solutions of nucleinic acid were also administered 
internally by a 'method of experimental feeding devised for the purpose. 

For each series of experiments a number of mice were employed 
which had been inoculated with cancer material by a member of the 
staff of the Imperial Cancer Research Laboratories, from ten days to 
three weeks previously, by which time most of the animals had developed 
tumours, sometimes of considerable size, at the site of operation. The 
precise area of the resulting tumours in each animal is recorded on 
charts by one of the laboratory attendants ten days after implantation, 
and subsequently at weekly intervals. In every experiment one lot of 
inoculated mice was set aside as a control. Each series of experiments 
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lias exLeiided over a period of five or six weeks, or uccasiuuiilly even 
more, so that Uio work has necessarily taken up a considerable period 
of time. Owing also to exigencies of the special work of the laboratory 
staff, and of olhcial duties on the part of the member of this committee 
U> whom the investigation was entrusted, delay in the prosecution of the 
work has from lime to time ])rovod unavoidable. 

As the work is still in progress it would serve no useful pui-jjose, on 
the present occasion, to enter into details of the numerous experiments 
performed. It is therefore proposed here only to set out a brief state- 
ment of the main results which thus far have been obtained. 

As a preliminary step a number of mice were injected hypodermically 
with a 2 per cent, solution of spermin in normal saline solution, in 
quantities varying from 0*1 to 0*4 c.c., in order to make certain that 
the employment of this substance was not productive of any ill-effect 
on the mouse. This having proved to be the case with these doses, four 
mice which had been inoculated just previously with 0*05 grm. of 
63 

tumour in the left axilla, were subsequently injected daily, with 

the exception of Sundays, for a period of seventeen days, with 0*4 c.c. 
of ♦the spermin solutioji. By this date three out of the four 
tumours which had arisen in these mice, as the result of inoculation, 
had entirely disappeared, while of eight tumours which had arisen in ten 
control mice, inoculated on the same date, none had disappeared, 
although two had somewhat decreased in size. 

On February 4 of the present year twenty mice were inoculaleil 
with a very rapidly growing strain of tumour, of which ten were kept 
ati controls in a separate cage. A week later tumours had appeared in 
all these mice. From this date, for a period of iieaily three weeks, ten 
of the mice wore injected daily, except on Saturdays and Sundays, with 
0*4 c.c. of the Bperiuiu solution. As by this time the result obtained 
with the injected as compared with the control mice merely showed 
ilifferences which might bo considered as coming within the limit of 
experimental variation, the, work was not con tinned. 

In view of the apparent difference of result obtained in these two 
experiments, Dr. Bashfoid suggested that for future work it \yould be 
desirable to employ for purposes of inoculation a slow but continuously 
growing tumour (Twort 30B.), which, in this respect, most nearly 
reproduces the characteristics of a spontaneously occurring timionr. 
With this material Dr. Murray inoculated forty mice on March 4, of 
which ten were kept as controls, the oilier tliiity being divided into 
three lots of ten each, and kept in separate cages. These were respec- 
tively injected daily — (a) with fresh emulsion of mouse testes 0*4 c.c. 
each; (b) with spermin solution; and (c) PoehFs orchidin solution in 
similar quantities. On March 21 eight tuJiiours had developed in eacJi 
lot of ten mice, while one of the controls had died. By April 4, of 
the spermin series, five of the tumours had disappeared; of the testicle 
emulsion series all eight tumours showed a definite increase in size; 
while of the orchidin series the tumours exhibited no appreciable differ- 
ence from those of the controls. At this point tbe experiment was 
unavoidably interrupted. 
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In a further experiment on somewhat similar lines half the number 
of the experimental mice, in addition to being injected daily with 
spermin, had fresh testicle emulsion administered by the mouth. These 
latter, at the end of four days, showed a considerable diminution in 
size as compared with those injected with spermin only, one tumour of 
fair size having even at so early a stage of the experiment disappeared 
completely. Subsequently, however, possibly for the reason that the 
dose of spermin, which was larger than in previous experiments, was 
repeated too frequently, all the remaining tumours exhibited slow but 
steady increase in size up to the period when, three weeks later, the 
experiment was terminated. 

In other experiments a testicle extract was employed which had 
been freed from nucleo-proteid, and which therefore contained, in addi- 
tion to spermin, creatin and other extractives, as well as inorganic salts. 
The use of this material for the purposes of injection in a large number 
of mice eventually afforded no appreciable difference from the control 
mice as regards the size of the tumours, the result thus differing on the 
one hand from tlie definite increase obtained witli tlie use of frcfih testicle 
emulsion, and on the other from the diminution obtained in certain 
instances in wJhcii a solution of spermin was enijdoycd. 

Certain of these experiments are now in process of being re])ealed, 
with large numbers of mice, by independent workers in (he laboratories 
of the Imperial Cancer Research Fund, where also, thanks to the kind- 
ness of Dr. Bashford, a further series of experiments are also being 
carried out, in which nucleinic acid of orchitic origin is to be employed, 
both hypodermically and by oral administration — in the latter case both 
with and without the simultaneous use of hypodermic injections of 
spermin. 


The Exper imental Study of Heredity. — Report of the CommiUeet consisting 
of Mr. Francis Darwin {Chairman), Mr. A. G. Tansley {Secretary), 
and Professors Bateson and Keeble. 

The grant of 30/ . allotted at Winnipeg for this Committee has been 
used at Cambridge in connection with .he researches carried on by 
?vliss ]:j. R. Saunders, Miss Wheldale, and Mr. R. H. Compton. 

Miss Saunders’ work on the inheritance of double flowers in slocks, 
wallflowers, hollyhocks, carnations, Mcebnopsis, Pelunia, and other 
genera has been continued. Experiments on the inheritance of other 
characteristics have also been undertaken in various plants. 

In the case of stocks it is hoped that from this year’s results a 
material addition to the records of the last three years will be obtained, 
and that then it will he possible to give a full account of the work on 
t he very complex problem which is here involved. 

In the cases of the other plants named, most of which are biennial, 
the experiments have necessarily been lengthy, but it is hoped that the 
work of four seasons will shortly have reached a point at which a 
definite statement can be made. 
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Miss Wheldale is conducting experiments on tlic chemistry of pig'^ 
mentation in plants, in continuation of her work already published. 

Mr. Compton (Gonville and Caius College) is investigating the occur- 
rence of sterility in the crosses between cultivated peas and a wild form 
brought from Palestine by Mr. Arthur Sutton. lie is also conducting 
various other breeding experiments. 


Clare Island, — Report of the Committeey consisting of Professor T. 
Johnson (Chairman)^ Mr. E. Lloyd Praeger* (Secretary), 
Professor Grenville Cole, Dr. Scharpp, and Mr. A. G. Tansley, 
appointed to arrange a Botanical, Zoological, and Geological Survey 
of Clare Island, 

SiNt'E tlic last report was presented, twelve months ago, much work 
has l)cen carried out on Clare Island and the adjoining mainland as 
regards both the fauna and the flora. Among the groups that have 
received special attention arc: Sponges, polyzoa, insects (many orders), 
inolliisca (marine and fresh-water), birds, algaa (marine and fresh- 
water), Tchens, fungi, mosses, and liepatics. In addition, meteorological 
observations have been commenced; also the investigation of the peat 
deposits. The work is going steadily forward, and it is hoped that 
it will be completed by the end of 1911. As reported in the statement 
of accounts, the grant made by the Eritish Association will not carry 
the work through, and further assistance would be very welcome; for 
the present the Committee are using other funds which they have been 
successful in procuring. 


The Structure of Fossil Plants, — Report of the Committee, consisting of 
Dr. I). H. Scott (Chairman), Professor F. W. Oliver (Secretary), 
Mr. E. A. Newell Arber, and Professors A. C. Seward and 
F. E. Weiss. 

The amount granted has been fully spent on sections of Sligmaria 
for the continuation of Professor Weiss’s in\'estigations and on sections 
of various plants from the roof nodules (which contain a characteristic 
flora of their own) for Professor Seward. 

Mr. ?I. H. Thomas has made great progress with his work on the 
structure of the leaf in Palaeozoic plants, referred to in the last report, 
lie has published a preliminary statement ‘ On the Assimilating Tissues 
of some Coal Measure Plants ’ in the ‘ Proc. Cambridge Phil. Soc.,’ 
vol. XV., pt. V., 1910, and an extensive 2 )aper on tlic leaves of Cahi- 
miles will shortly be communicated to the Royal Society. 
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Mental and Physical Fuclors involved in Education. — Effort oj the 
Committee, comisting o/* Professor J. J. Findlay (Chairman), 
Professor J. A. Green (Secretary), Professor J. Adams, Sir E. 
Brabrook, Dr. W. Brown, Professor E. P. Culverwell, Mr. 
G. P. Daniell, Miss B. Foxley, Professor R. A. Gregory, Dr. 
C. W. Eimmins, Mr. T. Loveday, Dr. T. P. Nunn, Dr. Slaughter, 
Mr. Boupas Smith, Dr. Spearman, Mr. Twentyman, Miss L. 
Edna Walter, and Dr. F. Warner, appointed to inquire into 
and report upon the methods and results of research into the Mental 
and Physical Factors involved in Education. 

l•A^il•: 

Appendix. Typical Problems for PesearcJh in Education . . . . . . 309 

In tlieir lleport for lust year, your Committee drew atlentioii to the great 
movement towards the independent investigation of pedagogical problems 
which is going on all through the civilised world. They pointed to the 
foundation of institutions for pedagogical research in Antwerp, Milan, 
Leipsic, St. Petej’shurg, Moscow, and elsewhere — institutions with 
special funds available for the i^rosecution of ])edagogical inquiries — and 
}jj addition to these they showed the trend of interest among many Coiiti- 
nental and American psychologists towards problems that concern the 
schoolmaster very closely. 

This new field of inquiry is the natural outcome of the successful 
application of experimental methods to the investigation of mental 
phenomena, but it is, in the Committee's view, important to understand 
quite clearly v/hother or not there is a body of doctrine wliich can bo 
separately regarded and called the science of education, or whether tlie, 
schoolmaster’s practice is to be based on contributions from various 
branches of science without any common centre of reference which shall 
give them the inner unity which belongs, for example, to such a science 
as agrictiUure. It seems to your Committee, that the particular point of 
view from which hlducation interprets its subject-matter is so distinct 
from the points of view of the psychologist and the sociologist for 
example, in dealing with tlie material of their sciences, that the ind(i- 
peridence of the science of education must follow, if, indeed, the exist- 
ence of this Section of the British Association is not already an admis- 
sion of its claim. 

Until the present time, however, although much has been written 
upon educational theory and educational procedure, there has been 
little or no attempt to deal wdth its materials in a scientific spirit. Its 
facts have not been collected in any orderly w^ay ; tradition, rather than 
the results of independent observation, has guided the schoolmaster in 
his classroom. The d priori view has dominated the mind of the educa- 
tional reformer ; he has, indeed, been most concerned with the question 
of the end to V.)e reached, interpreting thereby the curr^cit philosophical 
arid religious notions of his time in educational terms. The study of 
the persons to be educated and their attitude towards methods of in- 
struction was left aside; it was sufficient to rely on the sympathetic 
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intuitions of the schoolmaster. The position was unassailable so long as 
mental behaviour was regarded as something lying beyond the reach of 
exact objective methods of inquiry. The psychologist and the alienist 
have taught us that this is not the case. The application of mathematics 
to the solution of its problems is the latest indication of the probability 
that, in the last resort, mental phenomena are as obedient to law as 
the things of the material world. 

In response to the request of your Committee, various gentlemen 
whose names are well known as investigators in this field have expressed 
their views of the importance of the work. 

Professor Binet, of the Sorbonne, writes, after showing how the 
artist's study of anatomy should differ in character from that of the 
doctor, because their object is different : — 

T think the same holds good in. regard to the relations of psychology and 
pedagogy. We shall gradually learn what the real needs of teachers are. 
Abstract psychological knowledge is of no use to them. They require knowledge 
of quite a special character, such as will find an immediate application in instruction 
and education. They should have at command the means of recognising intel- 
lectual and moral types amongst children; means of measuring memory and of 
strengthening it ; they should know how to estimate fatigue and how to counteract 
it. But fe;\r, if any, of the psychological treatises of the last twenty years 
satisfy a demand of that kind. It is therefore necessary for psychologists and 
teachers to set themselves to the ta.sk of creeling a science, ‘psycho-pedagogy,’ 
which, at the present moment, does not exist. In pursuing inquiries of this kind 
it is essential that we should not lose sight of their object — ^namely, that of finding 
out things that will be useful to a teacher acting in his professional capacity. 
Everything which is not related to that end should be rigidly excluded. 

Professor Claparede, the fourth edition of w^hose book ‘ Psychologie 
de TEnfant et Pddagogie expcrimentale, ’ is now in the press, has written 
ns follows: — 

The means which must be employed by the educator are not given d priori; 
they are the outcome of experience. He is concerned in fostering and directing 
the development of his pupils and in imparting knowledge to them. It is there- 
fore essential that he should know how this development takes place and how the 
knowledge he would impart is assimilated. Those things science alftne can 
leach us. 

The fact that human possibilities are increasing every day without any corre- 
sponding increase in the length of human life makes it more and more important 
to see that our systems of education are as economical and fruitful as possible. 
The pupil has neither time nor energy to fritter away. The science which can 
do most for the educator in this matter is the psycho-physiology of children. 
Such a science is as necessary to the teacher as physiology to the physician. This 
is so obvious that wo need not labour the point. 

Some will urge that the experience which is admittedly essential can only be 
gained by practice. ‘ It is only by teaching that a good teacher will bo made.* 
It is, of course, true that practice is essential to success in any art, but in this 
j»articiilar case it is surely necessary to reduce to a minimum the period of 
apprenticeship. The teacher who is left to master his art without any knowledge 
■of the material on which he i.s working is reduced to experiments in which his 
pupils suffer. Not un frequently these experiments are very long ^d very 
Injurious to generations of pupils who undergo them. Practice may in time make 
up for a want of theoretical knowledge, but the price paid for the period of 
ignorance is incalculable. What is still worse, the injury done is irreparable. 
If an incapable engineer builds a bridge which collapses the damage can probably 
be repaired — at any rate, the bridge can be rebuilt ; net so a human mind. 

It is hardly necessary also to point out that practice makes many bad teachers. 

X 2 
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Their pupils’ dislike marks their want of success; they themselves are rmbitlered, 
and their influence is like that of a withering blast upon the vital eiiorg\ of young 
plants.- All this might have been avoided if the teacher luid from Ine Ijeginniiig 
known how children must be treated if they are to be his friends, aiid how to 
present the material of instruction in order to stimulate their interest instead of 
filling them with disgust. 

An experimental pedagogy is therefore an essential. It includes psycho* 
pedagogy, medico-pedagogy, and the hygiene of teaching. Hero we are only 
concerned with psycho-pedagogy, that is the psychology of the chihl applied to 
pedagogy. This science aims at furnishing the educator with a means t(jr (/kkj turns 
and prognosis, Ts this child intelligent? Is ho backward? What are his 
dominant capacities ? Is his bad work due to idleness, boredom, fatigue, or some 
passing disturbance? These are typical problems for diagnosis. 

What career shall this youth follow? Given his present capacities, can we 
foretell his future aptitudes? In what sort of post will he make the best use of 
his powers? These are questions which belong to what I have called psycho- 
prognosis. 

Psycho-pedagogy will also aim at providing the teacher with a right technique. 
It seeks to answer such questions as, How is judgment developed ? How can 
over-pressure be avoided ? When should we begin to teach a child to read ? How 
should the will be trained ? 

It will also embrace other problems which concern particular subjects of 
instruction — ^an ‘experimental didactic.* How should the beginnings of number 
be taught ? What is the right way of teaching modem langujiges ? &c. 

Dr. Schuyten, Paedologist to the City of Antwerp, himself the 
author of many researches concerning the child nt school, has sent the 
following communication: — 

Paedology is the synthesis of all the sciences which contribute to the exact 
knowledge of childhood. It draws its data from hygiene, anthropology, 
physiology, normal and abnormal psychology, pfedagogy, and sociology. We 
iare abandoned the idea, still not uncommonly held amongst schoolmasters, that 
the child is not a subject for accurate objective study. We know that his various 
activities, mental and physical, may bo accurately niea.sured, and that when 
teachers have realised this "and have them.selves been more scientifically educated, 
they will be in a position to understand and appreciate the possibilities of the 
subject. 

We are now in a period of transition, but the surprising number of researches 
published in recent years already make it possib,le to indicate certain general lines 
of work which I may condense as follows : — 

A. (1) The great development of the biological sciences has shown that the 

experimental investigation of children may give more exact bases 
for the educational treatment of childhood. 

(2) It has l)ocn shown that the child niiust be considered as a biological 
object, obeying tho same natural laws as other forms of organic 
and inorganic matter. Thus scientific investigation is possible and 
inevitable if we would obtain accurate data for educational 
procedure. 

B. It is possible at present to determine accurately 

(1) The hygienic conditions for the sound treatment of children (ventila- 
tion, lighting, warming, &c.). 

(2) The physiological ba^es of nutrition, movement, work, overwork, and 

fatigue. 

(3) The anthropometric laws concerning normal and abnormal physical 

development. 

(4) Mental data derived from normal and abnormal children and from 

animals, from which the laws that underlie psychological phenomena 
may be discovered. 
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(5) The sociological phenomena of early life as observed in civilised and 

uncivilised peoples and in animals. 

(6) The educational applications resulting from the foregoing, as seen 

in the school, the family, and in Nature. 

No science has in the past developed so rapidly as paedology. Its great 
importance was immediately and imiversally recognised, as we see from the fact 
that so many and so various institutions devoted to this subject have already 
been established. T can count on the spur of the moment in Europe alone sixteen 
Child-Study Associations, twenty-one reviews devoted to Child-Study, eleven 
laboratories and institutes of paedology, and no fewer than eight congresses on 
various aspects of the subject have already met. In North and South America 
and in Japan the number of societies and journals is very great, but unfortunately 
little known. 

It is easy to foresee that in no very remote future the majority of the univer- 
sities of the world will have established paedological courses with laboratory 
arrangements on thoroughly scientific lines. 

These communications sufficiently indicate the importance which is 
attached to the subject in Prance and in Belgium, an interest which, in 
the latter country, has led to the establishment of an official body, 
LTnstitut National Beige de P6dologie, which, under the presidency 
of the Directeur-G^n^ral de TEns^ignenient primaire, is organising 
systematic work on a large scale. The new society has already estab- 
lished a journal, ‘ Les Annalcs P4dologiques,* which made its first 
appearance in October 1909, since the last meeting of the Association. 

In our own country we may note in this connection the forth- 
coming appearance of a new journal, ‘ The Child,’ which is a welcome 
sign of the growing interest in educational and other allied researches, 
and the widespread activities of the British Child Study societies con- 
tinue to increase in importance. 

In view of the large amount of work being done in other countries, 
the Committee. set out to inquire what was actually being done here, 
and what special resources were actually available. They knew of 
nothing to correspond with the Paedological Laboratory at Antwerp, 
bub it waa clear that the psychologists were beginning to take the 
matter up and that possibly more was going on than was generally 
known. Their inquiry show's that special funds are rarely available; 
such work as is being done is chiefly in the hands of students who are 
working in the first place for academic recognition. Here and there 
privately interested people are working on their own initiative and at 
their own expense; otherwise inquiries are being for the most part 
conducted in the available time of university teachers, w'ho are already 
occupied with the general direction of a laboratory or in doing other 
teaching work. 

The replies to the Committee's inquiries may be summarised as 
follows: — 

From Cambridge, Dr. Myers writes that no special funds are avail* 
able, but that various researches in the psychology of school children 
are being carried on. These researches are concerned wuth geometrical 
optical illusions, colour vision, and colour vocabularies, memory 
(rational and mechanical learning), &c. One research has just been 
completed, continuing the work of Ziehen and others on Mental Asso- 
'iiation in Children. The possibility that psychology may be mad« 
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an optional subject for the ordinary degree may stimulate interest in 
the subject and lead to systematic inquiry by individual students. It 
would, in Dr. Myers* view, be of the greatest advantage to the cause, 
if systematic co-operation between psychologists and pedagogical experts 
could be secured. 

Prom Oxford Dr. McDougall says that there are no funds for the 
support of the laboratory in which his psycho-physical work is done, 
although an initial grant for its equipment was made from the Univer- 
sity chest. The work of the laboratory is not specially directed to 
educational problems, although its students have prosecuted inquiries 
having important educational tearing, as, for example, Mr. C. L. Burt’s 
work on ‘ Intelligence, * an instalment of which appeared in the ‘ British 
Journal of Psychology,* December 1909. 

Professor Karl Pearson reports that a great deal of systematic 
work is being done in the Biometric and Eugenics Laboratories of 
TJnirei'slty College, on the influence and rehition of mental and physical 
character sties df school children to each other. The data at proseiil 
available deals with a hundred thousand children from all classes and 
localities. The laboratories are each endowed to a small extent with* 
funds which enable them to undertake and publish statistical work of 
this kind, but with more money much more might be done. 

In the Psychological Department of University College, under Dr. 
Spearman’s direction, research work, especially in connection witii 
education, has developed with surprising rapidity. Two investigations 
are almost complete and two are well started, dealing with various 
aspects of memory. Another is practically finished on the problem 
known as ‘ Transfer of Training.* One is just being concluded on the 
])owers and the diagnosis of mentally defective children. Further work 
is being started on ‘ Imagination * and on ‘ Mental inertia * respec- 
tively. Altogether, as much is being done as can be properly supervised 
by one director. No lack has so far been felt, either of research facilities 
or of able students, but only in respect of most of the students* previous 
training in psychology. This has been lit/.le adapted for grappling with 
actual scientific ])roblems; in fact, it has often been of a character that 
should now be obsolete. 

Dr. W. Brown, in the Psychological Department of King’s College, 
has on hand researches concerning the measurement of simple mental 
functions of school children and students in training colleges; he is 
following this up by correlating the results with each other and with 
different measures of intelligence, using the general theory of multiple, 
correlation as a means of evaluation. Dr. Brown has given courses of 
lectures on Experimental Psychology as it concerns the school. child to 
audiences of teachers during last session, and a course on ‘ Statistical 
Methods in Psychology * preparatory to research work in the schools, 
which is to begin next session. This research work has special reference 
to the Higher Diploma in Pedagogy which has been recently instituted 
by the University of London. 

From Bedford College, Miss Edgell reports that a student is working 
in connection with the Physiological LaWatory of the University on 
the problem of Fatigue in school children. At the College itself 
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researches on children’s methods of memorising poetry and the distinc- 
tions between apperceptive and chance associations are going on. No 
special fflnds are available. 

In the Northern Universities the work at Manchester, under Pro- 
fessor Findlay, has been more directly concerned with the organisation 
of school activities in the light of general principles of a biological 
and sociological nature. The recent appointment of a lecturer in Ex- 
perimental Psychology in the University will probably secure just that 
co-operation which Dr. Myers desires to see established. 

In Liverpool Mr. Burt is continuing his work on Experimental Tests 
of ‘ General Intelligence, ’ and the following further researches are also 
proceeding : (1) On the Determination and Influence of Ideational Types 
in Children; (2) on Mental Differences between the Sexes (at present 
concerned mainly with sensory acuity, reaction times, attention, 
memory, and emotions, both in children and adults); (3) on the In- 
heritance of Simple Mental Characters (correlation between sensory 
discrimination and reaction time in parent and offspring); (4) on the 
Transferability of Improvement (syrninctrical transference — ‘ cross- 
education ’ — with practice at cutaneous discrimination and tapping, and 
its correlation with unprovability in higher capacities). 

There are no special funds available at present, either for apparatus 
or for the encouragement of I’esearch students. Considerable spon- 
taneous interest is, however, being shown by teachers, inspectors of 
schools, and social workers. 

In Sheffield the Department of Education is provided with a small 
psychological laboratory, and a small grant is made by the University 
authorities for its maintenance. During the last session a careful 
piactical application of Binet’s Intelligence Tests has been made and 
will be reported on at irliis meeting. A research on i.he schoolboy’s 
mental reactions to current geography instruction is being prosecuted, 
and a student was engaged during last session upon an inquiry into 
the psychological differences amongst a small group of sub-normal 
children. A course of lectures on ' Modern Methods of Child Study ’ 
was given by the Professor of Education during Itist session. 

In Scotland connection between experimental psychological methods 
and the study of education is so far recognised that students in training 
ill Edinburgh must take a course which includes at least a term’s work 
in the psychological laboratory. The new building for the Training 
College is to contain a laboratory, and, in the meantime, simple experi- 
mental work with simple apparatus is being carried on. Two investiga- 
tions are at present in progress— one concerning the connection between 
the rate of reading a passage and its comprehension — and in the demon- 
stration schools experiments are being carried on in the endeavour to 
determine the main apperceptive types. 

In Aberdeen Mr. J. Lewis McIntyre, the Lecturer in Comparative 
Psychology, takes the psychological work of the students in training. 
He is at present engaged on experimental work bearing upon the study 
of memory in children of different ages and conditions. He notes 
especially the groat need of funds; the present preliminary work is done 
at the expense of the lecturer. 
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In Glasgow the resources of the Department of Psychology are open 
to students who are interested in educational investigation of a psycho- 
logical character. Dr. Wattes work on Memory and the Psychology of 
Thinking is well enough known to indicate the various directions which 
that might take. 

Under the inspiration of Mr. W. L. Winch, the Teachers’ Guild has 
formed a Research Committee, which receives and discusses abstracts 
from the psychological journals, and assists in the prosecuting of re- 
search ill the schools. Mr. Winch has devoted himself to worK 
of the kind for several years, entirely at his own expense. He has 
already published many papers on the subject, and last winter he gave 
a course of lectures, under the auspices of the London County Council, 
dealing with the results of the experimental investigation of educational 
problems, not only so far as they concern the teacher, but also those of 
the administrator — e.g.^ the relation between bodily growth and mental 
progress in schools, athletics and school progress, when children should 
Aegin school, &c. 

Mr. H. S. Lawson, of Wolverhampton, has also conducted im- 
portant inquiries partly in connection with the British Association and 
partly privately. His private inquiries aim at (1) obtaining a hierarchy 
of coelTicients of correlation for tests which ‘ tap ’ the higher mental 
levels; (2) showing that simple mental tests designed to expose natural 
ability (inborn) are a better criterion of merit than the ordinary official 
examination which is prescribed for boys who desire secondary educa- 
tion, and who present themselves for the scholarship examination at 
Wolverhampton Grammar School. 

This review of the present position of the movement towards research 
into educational problems is necessarily incomplete. It considers the 
subject from a point of view which many will consider very partial and 
tentative, and, even within that narrow range, probably much has 
escaped its attention. Nevertheless the report shows that a considerable 
amount 'of work is being done in almost all,the directions in which out- 
of -school research can help to solve the teacher’s problems — the psycho- 
logist in particular is busy with investigations which concern the process 
of instruction very intimately. Indeed, it seems almost necessary to 
point out that there is just a danger of forgetting the sociological and 
ethical aspects of the educational problem — aspects not less important 
than the psychological. The whole field of experimental pedagogy 
has been virtually left out of account in this review, and, although 
we may expect to gain much by a study of the results of laboratory work, 
it is, in the Committee’s view, quite likely that the gain to educa- 
tional science will come as much from a study of the methods of the 
laboratory worker as from his achievements. In any case, those results 
will have to be selected and adapted to the special needs of the teacher 
and to the actual conditions of class-room work before they can be 
incorporated into any systematic body of doctrine which will in the 
future stand for the science of education. But class-room investigations 
that will bring results of any permanent value must be conducted with 
as near an approach to the rigours of exact science as the conditions will 
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allow. It is in the hope of its producing a body of teacher- workers, 
capable of conducting investigations of that kind, that the present ten- 
dency to give to the teaching of pyschology a more practical and experi- 
mental basis should, in the Committee's view, be welcomed. They have 
drawn up, as an appendix to their report, a list of typical problems which 
seem to them to call for systematic inquiry. 

The Committee wish finally to draw the attention of the Section to 
the urgent need for funds in the furtherance of educational research. 
The work is being done at present in this country under severe handi- 
caps, both of time and money. So much is being accomplished in 
Europe and America that the national honour seems almost at stake. 
When may we hope to sec such an institution as Teachers' College in 
our country — a great institution devoted to advanced pedagogical study 
and research? At least, in their view, the subject should be regarded as 
ranking with medicine and other University studies in this respect, and 
as needing the same financial support for purposes of research as other 
departments of knowledge. The needs of departments of education in 
Universities are apt to be overlooked by the Treasury, which considers 
them already provided for from otlier funds, but grants from the Board 
of Education at present cover tuition fees only; they take no account 
whatever of the need for research. 

In conclusion, the Committee express the hope that they may be re- 
appointed, to consider and report upon developments in the direction 
which they have descidbed. 


APPENDIX. 

Typical Problems for Eesearcii in Education 

A. Questions of a Psychological Character. 

(1) The child as an observer — ^how far is he dependent upon inner 

factors for his direction ? • 

(2) The capacity of children of various ages for receiving and resist- 
iiig suggestion (a) from the teacher; (b) from books, pictures, physical 
environment; and (c) from other children. Contra-suggestion. 

(3) The active and the passive type of child — their psychological 
characteristics. The possibility of determining other types. 

(4) The varieties of imagery in the mental life of children, and its 
relation to methods of instruction-image types. * 

(6) The relation of the child's vocabulary to his mind -content, as 
shown (i) by his spoken (ii) by his written words and sentences. 

(6) The development of children's memory powers — types of 
memory. 

(7) Attention — ^the problem of its development — types. 

(8) Mental elaboration — association — the development of general 
ideas — ways in which children reason. 

(9) The child's motor activities — the psychology of the child 
draughtsman — expression and representation— con ven I ions and symbols 
— when do they appeal to the child ? 
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(10) The psychology of the processes of reading, spelling, w riting, 
number-work, &c. 

(11) The psychological differences in children — normal and sub- 
normal — ^the question of psychological diagnosis. Sex differences —are 
they fundamental or due to circumstances and training? 

(12) The study of intelligence: — 

(i) Special forms of intelligence. 

(ii) The correlation of general intelligence with specific mind 

functions. 

(iii) Intelligence and age — averages. 

(iv) Tests of ability. 

(13) The problem of formal training. 

(14) The development of moral, religious, and sBsthetic instincts, 
habits, and ideas in children. 

(15) The psychology of children en masse. The educational in- 
fluence of 

(i) The corporate life of school. 

(ii) Self-government. 

(iii) School or class customs and traditions. 

(iv) School games. 

(16) Character and temperament: — 

(i) The determination of types. 

(ii) The classification of defects. 

(17) Differences of ability in various social classes. 

B. Qiiesi/o?ts of 7?iore direct Pedagogic Characlrr. 

(.1) The more careful psychological analysis of the ideas involved i\\ 
special school subjects — and the general problem of ‘ psychologising ’ 
instruciion in them; e.g.^ history, geography, mathematics. The rela- 
tion of the logical to the psychological treatment of the subject, 

(2) ‘•Economy * in methods of teachingt various subjects. 

(3) The relation of the curriculum to the individual child having 
regard to (i) its special abilities, (ii) the probable length of its school life, 

(iii) its future calling. 

(4) The question of promotion — special treatment of dull and qrick 
children. 

(5) Fatigue. Lejigth of school hours. 

(6) Value of physical and manual training of a formal kind. 

"(7) Co-ordination of home and school life. 

C. Questions of Socidlogical Character, 

(1) Influence of schooling on the fluid organisation of society. 

(2) Effects of education of different types on the moral condition of 
the community. 
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Correspondiny Societies Committee. — Report of the Committee, consistiwj 
of Mr. W. Whitaker (Chairrmri), Mr. W. P. D. Stebbing 
.^Wecretary), Rev. J. 0. Bevan, Sir Edward Brabrook, Dr. J. G. 
Parson, Principal E. H. Griffiths, Mr. T. V. Holmes, Mr. J. 
Hopkinson, Mr. A. L. Lewis, Professor R. Meldola, Mr. F, W. 
Rudler, Rev. T. R. R. Stebbing, and the President and 
General Officers. (Drawn, up by the Secretary.) 

The Committee beg leave to recommend that the Bournemouth 
Natural Science Society and the Torquay Natural History Society be 
placed on the list of Affiliated Societies, and that the Hull Junior Field 
Naturalists’ Society and the Llandudno and District Field Club be placed 
on the list of Associated Societies. An api)lication has also been received 
from the Hampstead Scientific Society for affiliation as poss'essors of a 
second-class meteorological station, but could not be allowed under the 
rules of the Association as the records obtained were not published in 
the Society’s proceedings. 

'riie Committee recommend that the Halifax Scientific Society, as 
it has found itself unable to continue the publication of its Journal, 
sliould bo removed from tlie rank of an Affiliated to that of an Associated 
Society. The Bath Natural History and Antiquarian Field Club, and 
the Manchester Field Club, owing to their discontinuance, are removed 
from the list. 

The Committee have received applications for literary help from tlu' 
Birmingham Field Naturalists’ Club, an outside society, so as to ensure 
the continuance of its recently started magazine; and for monetary 
help from the Bradford S^Jentific Society, which finds itself* unable to 
continue its quarterly journal without outside help. The Hon. Secre- 
tary informs the Committee that the Society has lost 60Z. tlirough this 
journal in the last six years. 

Dr. Tempest Anderson has promised to preside at the Conference 
in Sheffield, and to deliver an address to the delegates. 

The Committee have decided that the following subject be brought 
before the Conference for discussion: — 

* That a Coniiiiittee of Biologists be formed to recommend the adop- 
tion of a definite system on which collectors should record their 
captures. ' To be introduced by Mr. F. Balfour Browne (Belfast). 

Other subjects for discussion have been suggested by the Dumfries- 
shire and Galloway Natural History and Antiquarian Society and the 
Liverpool Engineering Society, which it is hoped their delegates will 
introduce. 

The Committee ask to be reappointed, but with the name of Dr. 
A. 0. Haddon in place of Professor R. Meldola, who has tendered his 
resignation. The Committee also apply for a grant of 251. 
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Report of ike Conference of Ddegates of Corresponding Societies held 
at Sheffield on September 1 and 6, 1910. 

Chairman .... Dr. Tempest Anderson. 

Y ice-Chairman , . . . Prof. P. F. Kendall. 

Secretary . . , . , W. P. D. Stebbing. 

First Meeting, September 1. 

The meeting was presided over by Dr. Tempest Anderson, Chairman of the 
Conference. The Corresponding Societies Committee was represented by the 
llov. J. 0. Bevan, Sir Edward Brabrook, Dr. J. C. Garson, Mr. T. V. Holmes, 
Mr. W. P. p. Stebbing, and Mr. W. Whitaker. 

The Chairman, after the Secretary had read the report of the Cori’csponding 
Societies Conimittee, opened the Conference by giving the following Address and 
a demonstration on some methods of optical projection. 

Chairman^ 8 Address, 

p is understood that the Sections deal with results of investigations in 
various branches of science, while this Conference is concerned chiefly with 
methods of conducting such investigations, and especially in co-ordinating the 
efforts of our Corresponding Societies in carrying them out. I think we may 
fairp include in our programme methods of demonstration of such results before 
audiences, large and small, as questions relating to those constantly force them- 
selves on the oflicials of scientific societies. I propose, therefore, to speak on 
some methods of optical projection to which I have paid attention for many, I am 
afraid to say how many, years. 

.ip the meeting of this Association at Aberdeen in 1885 I read a paper in 
Section C on the ‘ Volcanoes of Auvergne,’ the abstract of which in the Annual 
Repori. begins as follows : — 

‘ The modern dry-plate process of photography has placed in the hands of 
geologists the power of rapidly and faithfully recording and reproducing before 
an audience of any size many geological, and especially volcanic, phenomena which 
it would be impossible adequately to describe in words. 

‘ By means of the oxyhydrogen lantern a number of photographs which had 
been taken by the author in the volcanic district of the Auvergne and adjacent 
parts of the Velay and Vivarais, in Central France, were shown on the screen.’ 

This now reads like a truism. It was then* a novelty, and I remember 
the then President of the Section (Professor Judd) remarking that he thought 
the process employed might be of value in recording geological, and especially 
volcanic, facts. Unfortunately the Annual Reports do not contain any account of 
the discussions following papers, so th.it I am unable to quote the exact words. 

Three years later, at the Bath Meeting, I read a similar paper on the 
‘Volcanoes of the Two Sicilies,’ which was also illustrated by lantern photo- 
graphs jf Vesuvius, Etna, Stromboli, and Vulcano, and at the smne meeting Mr. 
Osmund W. Jeffs read a paper on ‘Local Geological Photography,’ in which he 
urged the importance of the new method. The result was the appointment at 
the next meeting, at NewcasUe in 1889, of a ‘Committee for the Collection, 
Preservation, and Systematic Registration of Geological Photographs,* the 
valuable results of whose labours are known to you all. 

Projection of lUntern photographs is now the recognised method of lecture 
illustration, and needs no further recommendation ; ‘Good wine needs no bush.* 

There are, however, cas'Sfs when the object to be described is of small size, 
and where it would be convenient to show an image of the object itself. 

Opaque Projection. 

Many attempts have been made to produce an instrument which would project 
on the screen an image of opaque objects not larger, say, than a postcard, the 
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image to be of a size, brightness, and definition sufficient to render it visible 
to an audience. In most of the earlier apparatus the object was illuminated by 
limelight concentrated on it by an ordinary condenser, and was plaoed upside 
down and vertical, so as to be paraUel to the screen, on which the image was 
projected by a lens, with its axis horizontal. This arrangement gave an imap^e 
which was correct when viewed through a semi-transparent screen, so that the 
lantern had to be behind the screen. If it were plaoed in front in the usual 
way the image could be obtained right way up by the ordinary method of in- 
verting the object, but in that case it was inverted from side to side, like the 
image of a person as seen by himself in a looking-glass. This rendered labels 
and all printed and written descriptions illegible, and made the apparatus 
useless for showing diagrams and figures in books. This difficulty can be got 
over by reflecting the rays on their way to the screen by a plane mirror, which 
produces a similar error in the other meridian, so that the whole can be set 
right by altering the position of the object. The optic axis of the lens can 
also bo kept vertical, and the object lies flat, which is a great advantage for 
small, loose objects on trays, such as fossils, or coins and medals. 

I employed this device in an instrument I devised and had constructed in 
1905-06 before the British Association Meeting at York. A lantern was required 
to project photographic slides on a very large screen so as to be visible to an 
audience of, say, 1,500 or 2,000 at the evening lectures. It was decided to 
make one with every item the best possible*. I had an old Dalmeyer portrait 
lens that was very suitable for the front projection lens, and it was found on 
inquiry and experiment that a condenser with a meniscus as the back lens gave 
the best results. Such an one was procured, and this completed the optical 
part of I he outfit. It remained to obtain an electric lamp that would give with 
the 2(X)-volt town supply the most powerful and steady light available. Mr. 
Hame, of the Corporation Electric Department, and his junior, Mr. Foster, 
were at much trouble in getting such an one which had been found reliable. 
It had a hand feed. These components were all plotted in their places on paper 
and a lantern drawn round them. The lantern was made by a local joiner and 
worked perfectly the first time it was tried. It is the best and most powerful one 
I have seen, except perhaps that at the Alpine Club in London, where the 
different components were selected separately by various experts in a similar 
manner. 

I tried to combine an apparatus for opaque projection with this by using 
the very powerful horizontal beam of light issuing from the condenser and 
turning it down on the opaquo object by a plane mirror. The light, as it 
came off from the object, was collected by a rapid portrait lens, placed vertically, 
and reflected on to the screen by a mirror as described above. The image 
appeared right way up, right* side forward, and of suitable size, and the result 
was thus satisfactory as showing that our optical calculations were correct; but 
the loss of light by reflection from two mirrors and from the object, besides 
that by passing through several pieces of glass in the condensers and lenses, 
was BO great that the attempt was abandoned for the time. 

It will be remembered that the voltege necessary for a single arc light is 
only 40 to 50, and if a current of a higher pressure be used, w’hich in our case is 
220 volts, it is necessary to introduce a resistance which reduces the amount 
that can pass, and converts the surplus energy into heat which is wasted. 

In the spring of this year I saw an account of a new lamp invented by 
Mr. Beardmore, and made by Marion & Co., which would work four arc- 
lights in series with one current, used four times over; only a very small 
resistance was thus required to steady the flow, so that practically all the 
power was utilised. The arcs being arranged in close proximity give a very 
brilliant light without a condenser, and a concave white screen behind utilises 
much li^t that would otherwise be wasted. 

Mr. Hame was again kind enough to order the proper size of lamp, while 
Mr. Foster again superintended the practical fitting. The result is that wo 
get four powerful arcs almost close tp the object, which is thus intensely 
lighted, and the light from it is taken up as before by the lens and mirror and 
focussed on the screen. No advantage was found by the introduction of con- 
densers, which, moreover, rendered the light streaky and uneven. 
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Several opaque objects, such as a watch face, pencil diagrams on a porcelain 
slate, pieces of polished marble, and small fossils, were shown satisfactorily 
on the screen. It is hoped that the use of a water-tank with glass sides may 
reduce the heat sufficiently to enable natural history specimens to be safely 
shown. 

The accompanying sketch shows diagrammatically the general arrangement of 
the apparatus in side elevation. 



A. Four-arc lamp in profile; b, cooling tank; c, object on adjustable bloi'k; 
D, concave white screens; e, rapid portrait lens; h, plane mirror; k, path of 
rays to screen. 

The thanks of the meeting for the Chairman’s valuable address and demonstra- 
tion were proposed by -Professor P. F. Kendall. 

'Mr. A. Archibald (Tunbridge Wells Natural History and Philosophical 
Society), in seconding the vote of thanks, said that he would like to mention that 
a simple fprm of instrument upon the principle of the aphengescope will be 
found of great value in the class-room, but to place the image in its correct 
position the lantern and reflector attached should be placed at the back of a glass 
screen. The glass should be as thin as possible, having a frosted or opaque surface 
to the audience. Certain mechanical arrangements of shape and reflector can be 
used according as the flat or raised surface of objects is required for projection. 
The coat of such an instrument would be very small apart from the ordinary 
lantern to which it is fixed. He has foimd the instrument most useful in the 
field of numismatics and geology. 

Systematic Recording of Gaflures, 

Mr. F. Balfour Browne (Belfast Naturalis^ts* Field Club) opened a discussion 
on the following motion : ‘ That a Committee of Biologists be formed to recom- 
mend the adoption of a Definite System on which collectors should record their 
captures.* He said that bis aim was to make the work of the collector 
more capable of assimilation by those who study distribution in the 
British Islands. He pointed out that in a great number of cases the collector 
publishes his list of captures, only vaguely indicating the limits of the district 
he has worked, such titles as ’Butterflies from the neighbourhood of . . .’ or 
‘ Beetles in the district surrounding . . being common. 

Tf all natiiraltsts would adopt a uniform system of recording the results of their 
collecting a great deal of trouble would be saved to the student of distribution. 
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Soveral attempts have already been made to organise* such a system. If. C. 
Watson, in the *Cybele Britannica/ inaugurated the 'county and vice-county 
system/ recording the distribution of plants according to their occurrence in the 
various counties of England and Scotland, but the 4irger counties he divided up 
into two or more vice-counties, with the object of making all his areas more or 
less equal. He also gave a number to each division. 

G. C. Babinuton applied the same system to Ireland, continuing Watson’s 
numbering, so that he commenced with 113 and made altogether 37 divisions. 
McNab slightly modified Babington's divisions, and renumbered them, com- 
mencing with 1. The Conchological Society of Great Britain and Ireland has 
officially adopted the county and vice-county system, accepting Watson’s divisions 
(and numbering ?) for England and Scotland, but taking McNab’s modifications 
for Ireland, and renumbering the Irish divisions, commencing with 113 but not 
adopting the numbering of Babington. 

Praeger in 1896 reviewed the Irish subdivisions and again made some altera- 
tions, and once more renumbered them, and his emendations have been almost 
universally accepted by the younger generation of Irish naturalists. In Scotland 
there appear to oe two factions, one of which adopts Watson’s system, while the 
other divides the country up into 'faunal areas,’ the boundaries of which are 
those of the main drainage areas. 

There are, therefore, several^systen^ at present in use, and Mr. Balfour Browne 
said that it was with a view to bringing them into line that he suggested that a 
strong committee of biologists should be formed to recommend a definite system, 
after consulting those who have adopted any of the methods at present in vogue. 
Such a committee would carry weight with all the local societies, and no doubt 
the editors of the numerous natural history publications would also pay regard to 
any recommendation the Committee might make. 

Mr. P. Ewing (Glasgow Natural History Society) said that the subject was 
a large and complicated 6ne, of the peculiarities of which he had gained some 
experience while v/orking on the Glasgow catalogue of native plants, into which 
the result of fifteen years’ personal work had been incorporated, the area covered 
being the Watsonian vice-counties forming the West of Scotland. Speaking for 
that district many divisional systems had been in use and had been discarded 
for various reasons. Harvie-Brown’s naturalists’ map, while satisfactorv doubt- 
less for avifaunal requirements, was not so well adapted for working tne flora, 
the divisions being too large. Division by squares was also open to objections, 
as in that case you were dealing with imaginary lines, and one could never tell 
on which side of % line he was working in mountainous country. Since the last 
visit of the British Association to Glasgow in 1901 a great stimulus had hem given 
to the work of recording species. The plan followed had been to take the Clyde 
drainage area as a basis and to (pote localities, plant associations, &c. This had 
stood the test of time much better than many of the more artificial systems. At 
least one can always tell on which side of a stream or watershed one is, and the- 
localisation is defimte enough for scientific purposes and not sufficieptly clear fo 
aid the extermination of our rarer species. ' In my own work I always saw the 
plant myself, and when in doubt had the opinion of an expert on the plant before 
passing it, and from what I have seen I am convinced that nothing short of this is 
of any value. No doubt this method involves an enormous amount of work which 
cannot well be subdivided, but correlation from scientific magazines, the trans- 
actions of scientific societies, &c., f foi^nd could not in all cases Im trusted. So 
far as Scotland is concerned, flowering plants, mosses, hepatics, and fungi have 
been well recorded, and many doubtful species re-recorded in recent years, so that 
there is a large body of trustworthy information ready at hand to begin operations 
upon.’ . .i 

Mr. T. Sheppard (Yorkshire Naturalists* Union) said that in his opinion the 
present Watsonian division into vice-counties seemed to meet most requirements, 
and as it was already in use pretty generally it seined to be hardly Worth while 
to alter it, particularly as any alteration would in the fotuie cause confusion. 
With regard to editoi#of pubUcatioiui it was, of course, possible to publish lists 
of daisies and buttercups or anything else sent in, but he thought that nowadays a 
fair amount of discretion used in publishing lists, and so far as possible the 
necessary information rela&ng to contributions, fto., is given. 
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Professor P. F. Kendall said that while recognising the importance ot 
uniformity he feared that it could not be secured unless some inducemente were 
held out to observers to conform to any scheme either by reward or punishment. 
The strongest inducement would be to offer a good map, and if the speaker were 
engaged upon a distributional problem he shoidd certainly employ such a map as 
that of Scotland, exhibited by Mr. Balfour Browne. 

Mr. Wilfrid Mark Webb (liSelborne Society) said that the difficulty of the 
task ought not to be considered, and that the method chosen should be that which 
allowed of generalisation being most easily made. Maps showing the boundaries 
of the river valleys would be most useful. 

Mr. Whitaker (Croydon N. U. and Scientific Society) mentioned that county 
boundaries meant nothing fiom the zoological point of view. 

Mr. Harold Wager (Leeds Naturalists’ Club and Scientific Association) also 
spoke. 

Mr. Balfour Browne in his reply said the system he advocated was meant to be 
arbitrary. The question arose as to what procedure could be taken if the Con- 
ference passed the motion, as the Conference of Delegates apparently had no power 
to apply to the Committee of Recommendations for the appointment of a special 
committee. 

Professor W. W. Watts (Caradoc and Severn Valley Field Club and Birming- 
ham N. H. and Philosophical Society) thereupon moved as an amendment : ’ That 
the Conference of Delegates approves of the proposal of Mr. F. Balfour Browne, 
that a committee of biologists be formed to recommend the adoption of a definite 
system on which collectors should record their captures; and desires its repre- 
sentatives to support before the Committee of Beconunendations a proposal from 
Sections D and K for the appointment of a committee to carry out the suggestion.’ 
This was seconded by Mr. W. Whitaker. 

Mr. F. Balfour Browne accepted the amendment, which was passed, and under- 
took to bring the matter without delay before Sections D and K with a view to 
nominating the committee. 

Second Meeting, September 6. 

In the absence of the Chairman through indisposition, the meeting was pre- 
sided over by Professor P. F. Kendall (Vice-Chairman). 

Professor Kendall, in calling upon Mr. T. R. Wilton (Liverpool Engineering 
Society), laid emphasis on the far-reaching effects brought about through the 
revived use of the roads upon the country and the people in tl]gir neighbourhood. 

The AdapUUion of Roads to Fast and Heavy Motor Traffio. 

By T. E. Wilton, M.A„ Ass^.M.Inst.G.E. 

In bringing forward for discussion the desirability of a further investigation 
of road conditions I feel that the matter is one of which a great deal has been 
heard and about which much discussion has already taken place. Never- 
theless, it is a matter of which a final solution can never be found, as modifica- 
tions in traffic must take place as time goes on. It will perhaps be better first 
to differentiate between the various kinds of traffic which use the roads at the 
present time, and for this purpose the following rough division into classes may 
be made; (1) Light and fast horse-drawn vehicles; (2) Heavy horse-drawn 
vehicles; (3) Light and fast motor vehicles and cycles; (4) Heavy fast motor- 
vehicles ; (5) Heavy slow motor- vehicles, including traction engines. 

The varied requirements of these different classes of tr^c are somewhat 
diverse, and may be summarised briefly as follows : — 

1. Light horse-drawn vehicles require a smooth and easy-running surface 
for the wheels, together with reasonably good foothold for the horse and 
easy gradients, but great strength of road to withstand heavy wheel-pressures 
without deformation is unnecessary. 

2. Heavy horse-drawn vehicles require, in addition to, a smooth-running sur- 
face for the wheels, considerable strength of road to wRhstand heavy wheel- 
pressure and the action of the horses’ shoes, which tend to break up the road. 

3. Light and fast motor vehicles and cycles require a smooth surface devoid 
of mud, and one which will not beemne greasy in any weather or unreasonably 
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a species of railway in wliicli tho rails furnished a flat siirfaco provided wifh a 
flange so tliat cillier ordinary <!arts and waggons or ruilwiiy trucks could run tni 
it and bo hauled by ordinary rail way 'engines. i 

lief ore the siuno Society ifust February, Mr. John Aloxaiuler lirodio, tho Oily 
Engineer of Jjivorpool, advocated tho general principle of the plateway, if 
confc-truded in a manner i^iiitable to modern requirements, giving as advantagoo 
of a modified plateway tho following ; (1) Greatest economy in construction ; 
{2} Great economy in liaulago ; (?») AUseiico of tcrniiiuil charges; (4) Suitability 
for all classes of vehicles at privseiit used for heavy tratHc; and (5) The simplest 
})o.ssiblo arriingemeiits for Loniicoting up t-o mill, manufactory, or ship. 

J suggest that a n'.otnr-trallic road should consist essentially of eight 
steel or non ‘ runways ’ (to uso a lerni applied to the longitudinal stone tracks 
used in some towns), each of sullicicnt breadth to onsure that all vehicles could 
keep thoir whtvls on these, tlio runways thus forming four definite tracks as on a 
railway, and the inUi mediate part of the road being a dust-proof pavement, 
such as iusjdiallic macadam or macadam lar-trcated, which would give foothold for 
horses and at tho same time bo siilfiiiciitiy strong to bear the load of a vehicle 
occasionally turning out to pass another vehicle. In order to secure the proper 
w'oikiug ot traffic on this loarl it would bo necessary to confine slow vehicles 
to two of the tracks and fast vehicles to tho other two, and only to allow slow 
vehicles to «.ro&.s the fast tr icks iii given points, siicli as side road turnings, and 
only to turn out into the fast tracks in order io pass slower tratfie when there 
was ample distance from any fast tratlio corning along. 

JSuch niiiw'tiys w’ould enable \ clinics to be hauh'd with Icsss than half the 
frictional resistance of th.-ifc wlji«h ii\eii good i<»ads oiler, and would give a 
perfectly even surfaio similar in .sinooiJiiic.^s to a raiUvay line. (Amsequeiltly, 
not only would economy bo cllVvicd in the power required lor haulage, but the 
wear and tear ot Imrsc Jlesh and of motms and other vi'hicles would bo enor* 
inously lessened, ami it wniil<l be p<«.‘i>iblo to do aw'ay with tho expense of 
pneumatic or rubber tyic^, sa\o win re tiiesi- were rcquiied to onsure absolute 
noisele.ssuo.'ss in pleasure vciii* h-s. (hdiiiaiy faim waggon.'?, by a small alteration, 
might be made capable of being diawn on tlii^ runway in trains hauled by motors. 
As an outline lyfx) of motor iraltic I'-id the toregomg muy s<‘rvo as a basis oi 
di.scussion or inv(V'.tigiiti''n. \\ In thcr the <«»ii.strnf (nm »»f .such a type of road 
would be btiiofieial tn tho coiintiy generally fiami the financial aspect require.s 
consideration. 1 venture to think that it would be. lint if such motor trafHc 
roads wore advantageon.?, the following points would ruxd investigation; — 

1. The limits of wIrcI gauge dcv>irahie, i.r., a.s to the ma.vimum and minimiun 
gauge which a ti.ack should bo constructed to .suit. Tho neaix?r those wero to 
toincidoiii c, the lo.ss the co.st of track ronstructiuii would Ix:. 

2. The cros.s-gradiciit and .super elevation at ciuvcs and the minimiun radias 
of curves, 

3. Tho allowable wheel pleasures and rMowablo dimensions and lypc.s of 
wheel and tyre. 

4. Tho loading gauge of veliicks and clearances between jiassing vehicles of 
fast and slow ira^c. 

5. The limiting velocities of fa^st and slow traflic. 

C. The type of metal most suitable for the runways and the most suitable 
form of construction of tlie road. 


The discussion on this Paper was opened by Professor Kendall, w»ho was 
followed by Mr. William Walts (Geological and Mining Society of Manchester), 
who, speaking of the district around Wilmslow and Alder ley Edge, Gheshiie^ Said 
it is not safe for a lady or gentleman neatly dressed to travel on the main roads 
after a spell of fine weather for fear of getting their clothes covered with dust 
lai.sed by the motors so frequently passing that w'ay, whilst on muddy roads .one 
runs the risk of getting splashed with dirty water settled in ruts, as some of^tho 
d l ivers pay no regard to the comfort of tho pedestrians on the footpaths. The 
hedges and small trees are covered with dust, and doubtless thoir growth is 
fttunled in consennence of the pores in tho leaves getting choked with it; and for 
some distance on both sides of the roads the herbagOi cereal, and root crops are 
' ■ T^r”"' •'’oi', Vif'v ''or the buildin? 
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of a bett«t' class of houses. He, was recently informe<l that a fanner pa.sluring 
cows in a field bordering on the main road lc.st three of them by dealli in a very 
shuvt tigie,;. all apparently from the same cause. When the hist one died a 
vet ennary surgeon was called in, and on opening the cow he found a hard ball of 
dpst'in its stomach, .which he declared to be the cause of death, as there was no 
trace of disease in the animal. This is an extreme case no^doubt, but it indicates 
to what extent motor dust is injurious. Motors are also a^iiiisaiice and a danger 
in passing through villages, especially to the shop-keeping class, and the speed- 
Jirnit should be much reduced. Ho did not agree^with the reader of the Paper 
that roads should be specially provided for this class of pleasure traflie. ATI 
classes of society should have equal right to the use of public roads for vehicular 
trufiic of every kind, and the rates of the district .‘should not be drawn upon for 
the exclusive use of a privileged class. Tn some villages the rates are cx)nsider- 
ably drawn upon for road watering to lay the dust created the passing motors, 
and in some' instances the surface of the road.* is being formed of material not 
suited to bear heavy loads. No surveyor who understands his profession will 
make his roads with too much camber. 

Mr. J. A. Longden (Institution of Miin’jig Engineers), referring to the treat- 
ment of roads, said that tar macadam had come to stop, and that spraying was 
(mly a temporary measui’e. He noticed at Dnnkcld a few years ago that tar had 
been sprayed on the naiTow streets, and .'is it was wet weather, when any vehicle 
came down the street the tar was splashed right aeross the footpath, ruining every- 
body’s clothes. Spraying has no doubt been impro\cd since then, but the fact 
rcimains tliat spraying is a mistake unless yon have a tar mai adam road first, and 
then a little tar and dust to renew' the .‘<niface may be beneficial, but he thought 
that the less spraying thoro is the lu*tt«‘r. The dust ijucstion in Derbyshire, 
where the roads are chielly of limestune. is most serious. N|)caking of a conversa- 
tion he h.ad recently with Sir (bs)rgc (Jibb, the ( *hairman‘<of the Hoad Board, and 
fJolomd drompton, the coii.«!ulting tMigiiusu*, so far as he could gather they wore 
both of tliem distinctly in favour of tar iiuu adam. He was afraid the 500,000/. 
per annum which they have at their disposal will not go very far in putting the 
roads of Otwat Britain into good condition, and wc shall probably find that this 
.Slim, which 13 derived ])rincipally from the use of mnlor-rara, will be spent in 
improving the main roads whiih am u.sim1 by motor tars most frequently. 

Mr. J. H. Priestley (Bristol Naturalists* Sncicly) .said that a good many pl.ants 
were not harmed by du.st, as the hains on their Icave.s prolocted them. He had 
al^ been told by farmers that Hie ravages of llic tiiniip tlea beetle w'ore largely 
minimisod by the dust which drifted over the fi(‘lds from neighbouring road.s. 
•Some tars, or tar-like materials, should not- he put down; a.s they spoilt plant life 
by vaporisation. An insoluble material .should In- uwmI. ft was desirable that 
luitiiralists* isbeieties should .slu vv a keen interc.st in tln‘, qjiu'stion of improving the 
roads, BO that vegetation and wniina! lif<‘ <lid not suffer either from the prepara- 
tions applied to the road or from th«' trallic using the road, and not simply take 
up a conservative attit)ide and dcj>rccale the inevitable use of mo lor- driven 
vehicles in country districts. 

Profesww \5r. \V. Walts (Birmingham X. IF. and Philosophical Society) .said 
tliat with the new conditions of road trallic we. mn.*t revise our ideas. Tlie 
iin8kilfal|v.. made road, with occasional watering to lay the du.st, is now no longer 
feasible* ^gain, the road trouble is mainly due to the dillicnlly of acconmiodaling 
two classes of traffic, wheel-traction and hoof- 1 rat t ion. The be.st tjqies of sur- 
face for the former v^ere not the best for the latter form of traction. The nu.‘'t 
nuisance is s6 great an evil that it must bo combated ami abolished. Something 
has been .don^ already, for forty years ago roaiU weiv almost as du.sty under horse 
IraQlc as thf^,no)V are Hftod®** niotor traffic, and the same observation applied to 
railways before, prop^iballaat .was used. Among the things wanted are (1) proixu’ 
' foundations under the Roman roads; (2) greatly diminisheil 
camber to distril^io skidding^ and to diminish water erosion ; 
(3) wat^tprobfmg and a proper binding of the constituents to check 

grinding and shiftuig.bf these niaterims; (4*). the mnoiSil of dust and mud as 
formed instead of rephming it os 'buiding* to renew th© vicious cycle. 

Priueipal .Qriffiths drew Attention in the revij^d use of the roads to the offeuio 
tn Hio eyes of the mptor-trade advertisements, to whicl! the fijins say they an^ 
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oppoFcd, but to which they are driven by competition. The evil should l>e con- 
trolled by legislation. As to the injurious dust from tam‘d roads, this was due to 
tlio use of ba<l materials. Pure tar Had not the same faults. 

T^Ir. W. P. D. Stebbing mentioned as one of the results of spraying that fish 
were said to be poisoned by water draining from roads so treated into lioigh- 
bouriiig stremii.s. To account for some of the present roatl troubles he divw 
attention to their almost utter neglect since the introduction of railways. Up to 
that date continuous iinprovnncuts were being made, and coach traffic was at 
sncli a pitch of pcM’fcction that with relays of horses speeds of ten to twelve 
miles an hour wei'e kept up for hundreds of miles. 

Mr. A. \V. Oke (Biighlon and Hove N. II. and Philos<jphical Society) .spoke 
strongly as to the great injury that was being done by fast motor-traffic to local 
natural history sccictios and to all tlnwe to whom »a <|nict roadside appealed. 
He thought that all road.si<]e adverii.scincnts .should be taxed. 

!Mr. Hryaii ( ‘oixoran also .spoke. 

Mr. 1'. K. Wilton, in his reply, sympjithised with Professor Kendall in his 
views as to the ‘uglifying’ of the country. As a foot passenger he objected to 
motors, but as an engineer swift motor-irairie }i])])ealed strongly to him. He 
nmsideied that Mr. Watts’ statement about the mortality amongst cattle pastured 
on land near roads carrying a great airionni of motor traflic emphasised the 
necessity of getting dustlcss roads. The remarks of Mr. J. H. Priestley about 
the destruction of plants by <ertain dust-laying materials used on the road 
showed the nece.ssity of only using .suitable substance.s and of investigating their 
effect before adopting them. Piofe.-sor Watt.s had put the case for road recon- 
struction very clearly in urging lht‘ necessity for properly made roads and in 
pointing out the wisdom of large (iiniial ex])cndilnre to avoid the heavy annual 
charges necessary on many of llic picseiit rcja'Is. and the folly of the methods of 
road repair adopted in many districts. Prim ijial Grillith-s also had emphasised 
tho necessity of only using projicr materials mi road.s in order to avoid damage to 
adjacent lands, ami in describing motors as a blessing in disguise, which would 
load to tlio roads being made thuionghly dnstle.ss, he had expressed an opinion 
which should have a givat effei f in g(‘tiing local bodies to take a broadminded 
view' of the matter. 1^'ofcssor Watts had dealt with and condemned the high 
eamber of roads, but it wus neie.ss;iry to cmpha.si.«o the fact that high camber 
was extremely bad, and that a ri)?id for even or<linary traffic should bo as flat 
a.s wa.s con.^istent with diain.ige, .nnd in tho case of motor traffic that a road with 
.slight crosy-giadi('nt was e>.scnti;d. 


Discussion on the Oninance and Geological Survey Majts and the 
enhanced Prices, 

Professor Kendall, as Vice f’hairman, introduced a di.scussion on the above 
mattcr.s. Jn his remark.s he .said that rin iiotififalion of thi.s recent prohibitive 
increase of price the Hoard of AgnVulfiire and pi.sheries were memorialised, but 
io no effect, althon^Ji it was pffinUf] out that the intention of tho Geological 
Survey was by such jjolicy di fmtrtl. As to the Ordnance Survey ho invoiglnul 
against the policy followed in deding with tlie whole of tho coimtjy, which 
sliowcd inconslslem y in both publication, pa]x-r, and in tho drawing of the 
maps. Such, an important matter a.s contouring was not uniform, and in the 
6 inrh maps some changr.s mad*-, in the. different edition.s wjire not justifiable. 

Probis^sor W. W. Watts confirmed what Professor Kendall had said as to tho 
rc.Milt of tVui appeal u> the (lovt i nnient. As in any ra.se the cost of the Geological 
>^iirve,y had io be t»orne, tho cost of the addition f»f their lines Ui the umokmretl 
iruip.H could ?»e very liltJo iJm only point U the addition of hand colonrinff each 
map, and the expense of this could be easily got back. The matter should mit Im 
allowed to rest. It W!W one that eapeeially affeetod loc.al .societir-e. Professor Witfs 
.also mentioned that the Orrlnance Snrvey allowed reproduotion of (heir msns for 
M lif.ols at cheap rates. Bill this unfortunately was not general and did not Include 
tho colour-printed maps. ^ 

Mr H. Kidner (Hertfordshire N. II. Society) suggested lh.at mneerfed ai tior 
Oioi.M !.<• taken, fie .u.ked if a ref|msition could not he. sent up front t.ho 
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(>>nfei ciico of Delegates to the Council of the BritUih Associfttion asking them to 
take sonic action in the matter. 

Mr. A. W. Oko thought that the Ohainnan had brought forward a matter of 
great importance. If Government would not reconsider their decision tjould not 
the local .societies memorialise tlieir inenibei-8 of Parliiunent? 

After further discussion, Professor Watts said that tho Corrcsfioiiding 
kSocielies Committee might consider tho advisability of the local societies bringing 
pressure to bear on their nioinbcrs of Parliament, and if so the societies should 
report to the Committee the result of their action. 

It was eventually proposed by !Mr. Kidner, seconded, and carried unani- 
mously ; ‘That the Corresiwnding Societies Committtx) consider the advisability 
of inviting tho societies represented at the Conference of Delegates to com- 
municate with the Treasury and with their members of Parliamcnl , witli a view 
to reverting to the old prices of tho (Jeological Survey maps.* 

Tlic meeting then adjourned, after jias.sing a hearty vote of tlianks to 
Dr. Tempest Anderson and Professor Keiultill for presiding. 
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Calaloffue ‘^tfo^brnt Papers, especMy those referring 

to fitvei^tgatwns, ptibUsh^ by the Correspondi/Kj 

Sooielies ^year ending May 31 , 1910 . 


Tills Cbtaloguo contaiim only tho titles of pcipois published in tho volumes or 
pxrts of the pubHoations^of the Coiiespoiiduig Societies sent to tho Secretary of 
the Oommitt^ in acoordanco i^ith Halo 2. 


Seidion A, — Mathemaiical and Plysical Science. 


Anderson, H. M. On tho IVmpciatutc (hadionts of Deep Bores, with spocial 
leference to those of tho Balloiii Buns Cimcion Budge, JTifehhiro. * Trans. 
Kdinburgh Gool. Soo.’ ix. 107-378. 1909 

Andson, BeV. W. Tho Weather of 1907 ‘Tiaiis Dumfiicsshiro and Galloway 
N H. A. Soc,* xx. 64-09 1900 

BANrufix.!), A. 0. On a Method of jncpaimg Sti^ico photoraiciographs. ‘Journal 
Quekett Mio. aub,’ x. 159-404. 1900 

BuiuiiroN and Hove Natural 1£is»i or\ and Piiii i»s<ii me \l SocihrY. Meteorology 
of Brighton. ‘Report Biighton and Hove N If. Phil Soc.* 1908-00, 48-49. 

1909. , 

Cauman, Ptof. JOKN (N. staff. Inst Jhig ) "I he Ignition of CbaPdust by a Naked 
Light. ‘Tran&tpst Mm fing ’ wwiii i'ib 2>8 lOltt. 

(S. Staff, and Warwick lust Eng ), iSonu l]x]Kiinunts to illustialo the Ignition 

of OoaM^t by means of Lloctiuit^. ‘ Pidiis Inet. ]Mm Eng* xxxix. 93-96. 

1910. 


Campb£XJ«-Batard, F. Report of the Mitcoiologu U ( Vnumittec, 1908. * Trans. 
Cioydop N. Hk ScL Soe.* 1908-09, 205, and Ap]>c luliceb, <2 pp 1909. 

Report cl ^ Meteorological Conmuttco, J 909 ‘ J i ans Cioydon N. H. Sci. Soc,* 

1909-10, Wt? and Appendices, 02 pp 19 It) 

Cannon, Jr B! ^ The Spectroscopic Binary a Coiono ‘Journal Roy. Astr. Soc. of 
Canada,* IB. 419-434. 1909. 

Caradqc Severn Valley Field C*lub Mcteorologic U Notes ‘Recoid of 
Bare No. 19, 30-49 1 910. 

Chant, 0*tA* Water Vapour and 0 \ 3 gen on AIu'- ‘Journal Roy Astr. Sod, of 
Canad4vx«L 425-437. 1900 

Hall^'a^ttbmet, ‘ Journal V 03 ^ Asti Soi of Canada, ’ i\. 101 115. *1910. 

Craw, J. il^, ^^c^unt of Rainfall in BtiwKkshuc— year 1907. * Hist 01 y Berwick- 

^ shire XX. 220. 1909 

'w — Aeocnlx^ cl Temperature at West Foulden —yen 1907. ‘ History ^Berwick- 
shire Naj|$ 0^/ XX. 221. 1909. 

OuESSWEitJr, Records of Motooiologh al Ob> 3 ei vat ions taken at the Observa- 

tory, 1909, * Bum and Mid. Inst Sci. Soc,* 28 pp. 1910. 

Dh LtJitiV# RAwI Qbnveotion and Sicllai Variat ion. * Journal Roy. Astr. Soc. 
of 1909. 

Fox, W* ^WABB Krrro. Meieoiological and Magnetical Tables And 

W* Tables of Sea Temiierature, with Notes. J Report 
p fN.S«}, 1-27. (App.) 1910. 

RlW^tlal Addmss i Fart I. Prosent Position ^ and 
|y)oaophioal 'Booiety of OlaegW* Bishop 

Olasgoiv 

' Pros. Birming 

IIarveb, W. Roy. Astr. Soc. of Canada,* 

111 . 377-386. 
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Habpeb, W. E. a Least Square Solution of the Orbital Elonicnls of a ])) v onis. 

‘ Jounial Roy, Astr. Soc, of Canada/ iv. Ul-93. 1910. 

HopkiNSON, John. Tho Climato of Hertfordshire, dediu^od from JMetooroi I'ical 
Observations taken during the Twenty Yeare 1887“lUOt». ‘Tracis. Herts s. il. 
Soc.’ XIV. 56-58. 1909. , . 

Tho Weather of tho Year 1907 in Hertfordshire. ‘Trans. Herts N. H. 

Xiv. 81-96. 1909. 

Kino, W. F. Some Remarks upon tho Doctrine of Probabilities. ‘ Joumal jR'>y. 

Astr. Soc. of Canada.’ ni. 201-286. 1909. 

Klots^ Otto.. Soientifio Crumbs from Europe. ‘Journal Roy. Astr. Soc. of 
1910. 

T&e ‘Journal Roy. Astr. Soc. of Canada,’ iv; 116-1^. 191t). 

iiwaoN, Gikaham C. Meteorological Report. ‘ Trans. N. Staffs F. C.* XLIV. 138-141. 
1910. 

Lbb, Oliver J. rhotogra])ha of Hallcv’s CVimct. ‘ Journal Roy. Astr, Soc. of 
Canada,’ iii. 341-343. 1909. 

Low'ELL, Peec'ival. Pliotograidis of Juintcr made at tho Lowell Observatory, 1909. 

‘ Journal Roy. Astr. Soc. of Canada,* iv. 81-lK). 19Jt>. 

Mabkuam, C. a., and K. H. Primavesi. Meteorological Report. — Observers’ Notes. 

‘Journal Northants N. H. Soc.’ xv. 86-89, JJ8-J2I, 157-159. 1909, 1010. 
Mawley, Edward. Report on Phenological IMienomcna observed in Hertfordsliiro 
during the Year 1907. ‘ Trans. Herts N. H. Soc.’ xiv. 49-54. 1909. 

Meyrick, E. Summary and Tables of Meteorological Observations, 1909. * Report 
Marlb. Coll. N. K. Soc.’ No. 57, 61-80. 1910. • 

Monck, W. H. S. The Limits of the Oni verse. ‘ Journal Roy. Astr. Soc. of Canada,' 
IIL 177-189. 1909. 

Moore, A. W. Report of tho Meteorological Section. ‘ Yn Lioar Mauninagh,' iv. 

43-44, 94-95, 136-137, 196-197, 233-234. 1910. 

MrssoN, W. Balfour. Recent Discussion in Astronomy and Astrophysics (Presi- 
dent^s Address), * Jourml Roy. Astr. Sog. of Cknadti,* iv. 1-20. 1910. 

Paisley PuiLosormcAL Isstitvtihs. The Coats Observatory Meteorological 
Observations, 1908. 15 pp. J9M9. ‘ 

Paterson, John A. Tho Astronomy of Milton. ‘Journal Ro)jr. Astr. Soc. of 
Canada,’ iii. 356-376. 1009. ' 

Penrose, Georoe. Summary of Meteorological Observations at Triito for tho Year 
1908. ‘ Joumal Royal Inst. Cornwall,’ XV fi. 420-425. 1909, 

Plaskett, J. S. Tho Design of Spc;ctmgrai)hs for Radial Velocity Determinations. 
‘Journal Roy. Astr. Soc. of Canada,’ m. lt)0~209. 1909. 

Tho Ottawa S[XK;trograi>lis. ‘ Journal Roy. Astr. Soc. of Canada/ ui. 287-305. 

1909> 

Ramraxit, Dr. A. A. Notes on some Remarkable Features of tho Weather during 
the Year 1909. * Report Ashmolcan N. H. Soc.’ for 1909, 61-^2. 1910. 

- — SuminaTy of the Weather during 1909, from Observations made at the Radclilfe 
Observatory, Oxford. ‘ Report Ashmolcan N. H. Soo,’ for 1909, 53. 1910. 
Rodoer, Alexander M. Meteorological Observations, 1908. ‘Proo. Perthshire 
Soc. Nat. Sci.’ v. xlii-lviii. 1009. 

Bo^, Alexander D. Recent Earthquakes and their Investigation. ‘Proc. 
Gl^ow Royal Phil. Soc.’ XL. 101-112. 1909. 

and Robjqrt 0. Gray. Magnetic Bronzes. ‘ Proc. GlaifgoW 'B^al Phil. Soc.’ 

XL. 94-100. 1909. 

Royal Astronomical Society of Canada. Summary Report of tho Weather in 
Canada, ‘ Joumal Roy. Astr. Soc. of Canada,’ iii. 302-394. iOCO. 

• Notes from tho Meteorological Service. ‘ Journal Roy. Astr. Soo. of Canada,* 

III. 244-246, 317-320, 324-325, 472-476. 1009 ; iv. 60-04, 1^8-163. 1910. 
Ruthereord, j. Weather Notes at Jardmgton in lOOT. ’^^’Trans. Duihfriesshiro 
and Galloway N. H. A. Soo.’ xx. 6^73. 3909. ^ f 

Notes on the late Transit of MercutJ : on JupRer and ‘ Trans. Dum- 

’ friesshire and; Galloway N. OT-'OO. 1069.,* " , 

Simpson, T. Met^rological Notes for She yOflWs 1907 and 1608. ‘ Report Ealing 
Sci. Mic. Soc.* 2908-9, xi. 1009. 

^!tewart, R. M. Transit Work at the Doxnimon Observatory. ‘ Journal Roy. Astr. 
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Siiwvir, II M. 1 Vi s iialitv With tho Tiansit Micrometer, * Join nil Roy \sti Sor*. 
ot ( inadn, ly. 14 I 4. “JIUO. 

Sill i\ I i.L, H. Heluin of llainfall, &c., in Dorset in 1908. ‘ Pi or. Dorset N IF. \ 
P ( * XXV. -J. 1909, 

SioKCs A. II (Mid, C( unties Inst, Eng,). Water-gauges and Air- velocities. ‘ Ti ins 
\n^\ Min Kng.* xvTFf. 1J2 204. 1909 

Sim»\i i\ R, P. Ati osphorie Ciieulation. ‘Journal PiOy, Astr. Soe. of fHnuli,* 
in 220-223, 1909. 

9’jioKNruN, Prof. W. M., and E. Bowden (N. Staff In*^! Fng ) The Ignition of Coal- 
dust by Single Electric I'lashes. ‘Tians. Inst. ALn. Kiig,’ xxxix. 201-217. 
1910. 

W4T80N, A. D. Halley’s Comet and its Apjiroacliing Hetuin. * Journal Roy. Astr. 
«oo. of Canada,* Ut 2i0 219. 1909. 

Section B, — Chemistry. 

CitBiSTY, and Miss May Tiibesii. A Histoiy of the Mineral Waters and 

Medicinal ld|irmgs of Essex.' * Esj.ex Naluialisi,’ w. 18.*)-253. "^1909. 

CRiPJt*s, R. A.' Some Eood Produets, Natmal and Vif iIkuI. ‘ Report Brighton and 
Hove N. IE Phil. Soc. 1908-09/ 8-13. 3909 
Gray, Dr. Thomas (Min. Insf. Scotland). J<ii< dimp • i1« Conijiosition, Detection, 
and Estipoation. ‘Trans. Inst Mui. Eng * x\\t\ 280 304. 1910. 

• Analyses of Samples of Air from Rcpiisiutatiie Mims m Scotland. ‘Trans. 

InstJMin. Eng.’ xxxsx. 305-312. 19M>. 

IIiLDVNB, Dr, J. S , and 0. 4 Douglis (S Sfafl In«-t Kng ). Testing for Carbon 
*■ Monoxide in oonneetion with Fiies and ExploMoin in Mints. ‘ Tians. Inst. Min. 
Eng.’ xvxvm. 207 -274. 1910. 

Kedg^n, Dr. P. Q. The Choinistiy of some ( ommon Plants. ‘ The Naturalist * for 
J909 and 3910, 4.90-434. 1909:177 179 J9IO , 

McLaren, Robert, and Willi \m Ci ikk (Mm Inst St otland). SJiale-dust and Coal- 
dust Tests at Bioxbum. ‘Tians Inst. Mm Eng ’ WXMIT. .3(i2 373. 1910, 

Ni wioN, 35, W. Oeciirn'iiec of Radium ‘iml I laiiinm m Connvall. ‘ Repoit Royal 
Cornwall Poly. f>oc.’ i, (vs.), 142 lir» 1009 
Pi vnt B, Dr. RinilRD. On the Purple ( oloi itton f)f a Spot mien of Cornish 
EluorsfHi^r and the probability of its lx mg dm to th< Radio a< live Properties of 
Associated Pittjhblende. ‘ Jourmil RomI InM ( ttiin\ ill ,’ xmi 417 419. 1909, 
Wilson, Dr. 11. MAOTiEAN (Mulland Inst. Kng ). 9 !u* Pollution of Stieams by Sf^nt 
Cas-liqoors from Coke ovens; anti the Mtlhutls atlopted for its Prevention. 
‘Tmns. Inst. Min, Eng.’ xxxiv. 71 sj. 1910. 

Section C. — Okology. 

- • ^ 
Barnes, W. H. The Ooology of Sapey Biook. ‘ 'I’l ins. Worceslcrshine Nstt. Club, 
IV. 177-178. 1910. 

Bates, Geuboe E. The Dyke Ilotks of the SehitUalhon District, ‘Trans. Perth* 
»h\p^ 8oo> itftt. Soi.’ V. 2 liKM). 

Brodrick, HABOT4P. Not© on Footprint Casts from the Inferior Oolite near Whitby, 
Yfirks. ‘ ;^c. Liverpool (Heol. Hoc.* x. .327 335. 1009. 

BiritToN, F. M. Erratic Boulders at Baidiii»> Abbey. ‘ ‘riie Naturalist * for 1009, 
322. 1909-/ 

Further Pcoofs of the lilow of the Trent on the Kcuper Esearpment at Gains- 
borough. ^93i© Naturalist’ for 1909, 340-341. 1909. 

Campbell, A, C., and E. M. Anderson. Notes on a Transported Alass of Igneous 
Rock at Comiaton Band Pit, ne-ar Edinburgh. ‘Trans. Edinburgh Cool. Soo.’ 
ix.2Rk*224 3009. . f 

Cole, Prof. GmeNVHJtxi A. X A late Glacial Clay at Templeogtte, Co, DuSUn. ‘ Irisli 
Naturalist/ xviU. 28li^23i* 190Q. , • v 

C‘(iLLiNs, J. H. Thb Altuviala of the Goss nud'^Tregote. Moors, * Report Royal 
Cornwall Poly. 1900... » 

Crick, 0. 0. rgnahe^ne&K^ The lor IOI&, 145*^148. 1910. 

CV’LWN, H. Permian Fofsihf in the ftoiwllaster Distdot. * The Naturalist ’ for 1909, 
279-280. 1900. 
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CuLriN, H. Marino awl other FoB*nl 0 in the Yorkslmo Toal Mtasnus a]io\( flu 
Barnsley SeaiHi as seen at this JB^tloy Collun, mai Donoaslii M j<)(. 
Yorkshire GeoL Soc/ xvn. 75-82- l91fr* 

DbakBi HBBmr Cbabtjss. ABteracanthns ia the Yoikshire Oombrash. * lu 
Naturalist * for 1910, 141 -142 1910. 

— - ao4 TlHOMAS SHBk^PAHi). i lassiOed tiist of Organic Remains from tho Ruck oi 
the ]^t Billing of Yoakahirc. * Rroc. Yorkshire Oool. Soo * xvik 4^71. J91(» 

B. W. {Min, Inst. Scotland). Hie Index-bods iu thetiaihouilerOiis Limestone* 
of Scotland. * ^Trans. Tnsf • Mm. Ehig.* xxxviii, 38,1-^98. J19li{L 
^ Presidential Add^ss : (Virbonic AouL, 

1909. 'i) 

Society. Journal of Bore at the Side due 

Mams, Fifeshire. ‘Trans. Edinburgh OeoLsiS^? 

K^tEBtOfirx> W. M. (N. England Inst. Eng.), The Geology of the Whin Sill, 
" Weattlale, Co. Durham. ‘ 1 rans Inst. Mm. Eng.’ xxxix. 18-61. 19i& 

OaVTBOBPB, ITaupfr Further Notes on the (Jeologieal Strata fof Barrow-in- 
Furness]. ‘ Proc Bairo^A Nat Fit Id Club,* xvii 266-267. 1900. 

Gibb, I^. A W. On a Ftlsiti RiU war Alienlein. ‘Trans. Kdiiibnf^ Geol. Soc * 
IX. 230^231. 1009 

Gill, E. Lkonarp An Aiachnul fiom the Coal Mta‘?uies of the Tjne Valhj 
* Tlans. Northumbtrlawl N H Soc * iii 610-52.3 1900. 

Givisw, Dr. J. 0, M. Note on some (Jlaeial Sfri e on MosJ( \ Hill. ^Proc. Tjvcr]»0(»l 
Oool. Soc/ X. .309- 310. 100<1. 

GoAdoK> Mrs. M. M O 'I In 3 hnist Masses in the Western Distnet of the ijiSlomiU s 
‘Trans. Edinbuigh 0< i>l Sot ' ix Sixnal Put 01 pp 1010 

GoIHSov, W. T. On tlic NUuic ind Occuiuiko ot Ihi Plant-hearing Rocks at 
Pettj fur, Fife. ‘3'ims 1<]<1 nlmi.h (»iol Sue ’ i\ 3V1 36t) 1909 

IIjsruFa9, UpajJtii Jti iiripinj fJnU Biad/orrl S<j< ntific Journal/ ii 289-20 1 10 ()<> 
HaWKSSWORTH, JCoM/y, hfunm it I i'*t fliiisej ‘Prof Yoikshirc Geol Soc ’ 
XVir. 72-73. 1010 

—— A Boring at St I b> ‘Pioe Xoikshiic Gcol Soc ’ xvn 74. 1010/ 

HXNO, Dp. Wkfh rox 3 he State fif oui Knoniedge of OatfhoiJliforous 

Geology. *3 he Natiirilist toi 100*1, 22S 211. 24.'>- 2.51. IWIK * 

Iw, J. H. 3 he Mineiil Width oi Katanji ‘Report Royal jCdfWidl Poly. 


Iim, J. H. 3 he Mineiil Wi dth oi Katanji ‘Report Royal jC6{Wall Poly. 
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JoKYStosru, M\rv A A FihmI Sfunip ‘ Ihadfoid Scientide JdurnAh^ xt S9$*301. 
1909. 

Kiunbr, Henry. The ( luilk of HcTtfouKhire and the Ocean jn uhioh |t ]MMt foi^mcd. 

‘Trans Herts. N H. Sof ’ xiy n 1 4 IW) ^ 

Ijimpluoh, G. W. Kstuaiiiu ShfiU in the Alluvial Hollrm of near 
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I&k, R|»v. Gvorok F and 3 Sm^dvis Ookiio Plant Reituftigwl Y0rMhii*o. 

* TUb Naturalist’ for lOlo. 16-16 lOH) > ' ^ 

LYCaniT, J. A. The Rowley Rfgis Quarrus ‘Trans Worccsters|i^ 'Not. Club/ 
rr. 198-206. 1910 " ^ 

McKay,*’G T. P'ault Revilation through the Agency of Uttdepgtbfiild Waller/ near 
Hawes, WenMleydale ‘ ‘Phe Naturalist’ for 1910, 169-170, IfiVS*) 

MACKnty Willi \M. Allanitc in the Granite of the North of SooGaim, ‘Trans. 
“^^Edinbuj^ Geol. Soc ’ ix. 216-218. 1909. ' ^ 

The Distribution and Significance of Deviations frotn the Order of 

Crystallmtion, also tho Dislnbution and Signidoanoe of m 

Granites, as fllustrated by the Granites of the Nmr^ m ‘Hans. 

Edinburgh Geol Soc.’ ix. 247-317. 1909. ^ 

Macnaib, Pb7bb. On some Types of Overloldmg in the Tay 
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^ ^ tba^Coinrolation of the NeojBoio Boclcs of Yorkahire. 

33 ^. 1010. 


Addreas i Geology and Art. 
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loe m Yolcamo Action on the Scenery of jSlootland. 
i.t. Mio. 800 .’ Tt. lOS-llL 1909. 

Eaiaed Beaches and Head of Rubble ittjyae tffa^ 
Report Royal Cornwall Poly. Soo.’ i. (sr.sr.) 19l0«'' 

Ihst. Scotland). The Coalfields and OoUienes of the 
_ : / TnMoB. Hist. Mm. Eng.’ xxxviii. 29-82. 1909. 

HAND, il«' i)u Amhmte and its Asbociatcs in Assynt. ‘ Trans. Edinburgh 
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HEi‘FAU3>i ThoHISIi Bibliography ; Pa})crb and Records pubhshed with respect to 
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VACJC6SJk^,^^% fcresidential Address . The titologital Stiuctme of the County of 
Worceste^ and the Physical and Economic ( ouditiom to it gives rise. 

* Trans, Wbreestershire Nat. Club,* i\ 61 77 1909 

'Air, DAVjm^ On the Occurrenco of (Vctacious To'^sils in Caithness. 'Trans. 

EdinbUT]^ Geo}. 800 .* IX. 318-321. 1900 
uomfsoKj A History of tho ^\atll huppl^ of Noitliampton. 'Journal 
Northan «8 % H. Soo.* xv. 123-131. 1910. 

'BOMFSOlTi Q.( The Ammonites called A. 'The haturahst* for 1909, 
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RWis, C. B* On some Oidoviciau Bh\uUtcd and 1 ntlb ot Nani Ffrancon, Car- 
narvonsMre. ^Proc. Liverpool Gcol. boc * x 311-320 1909 

i^ADX, Anmi^afN* Staff. Inst. Eng ). A Gceji Boiing at IJi^ucll, Chebhire, and its 
bea^b^ Upon the Underground Geologv ot (In Li\tix)oul Wiiial Areas. 'Trans, 
Inst. Mi% xxxix. 163-178. 1910. 

Vaixbb, Ti^S. H. Notes on tho Phosphate Botk of Jlcdouda ' Proc. Birmingham 
N. H. Phil. See.’ xn. 46-48. 1910. 

Vabbbk, l^fiAa^pi>lK]|. Notes on the PiKulithic and Niolithio Implements 6 f 
EastBhief* ^Rssex Naturalist,’ xvi. 4() 51. 1909. 

' Notes on a Glacial Gravel XHpo'^it at Woodhtll CoUieijf, Peneait- 
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lntegf<A Eqtuttims. By H. Bateman. 
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1, Integral Equations of Lajylace's Type, 

The theory of integral equations may be siid to have commenced In 
1782, when Laplace ‘ used definite integrals of the type 

. . . . ; ( 1 ^ 

to solve lideftr differenee and difFerential equations, for in these 
iDvestigationd ha Mfe a method of determining the unknown function 
appearing under the sign of integration, when a linear differential 
equation satisfied ,hy the fnnofion /(.t) is known. The determination 
of q>{t) depends tipen,the fMilation of a corresponding linear differential 

> * M4molre sor let «p{flr6limai^0kut des fon&alesqai aont fonctions de trds grands 
nombres,* CEuvrss, 1. 10, p. 235; ThhrU anatytigue desprohahiliUs (Pans 1812) 
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equation which has been CQj^led by Poincar6 the Lajihtco trnn mmed 
equatim. 

Laplace extended his method to definite integrals of the type 

= .... ( 2 ) 

and made considerable use of the method in his researches on probal dity. 

It will be convenient to call integral equations of the type (1) and 
(2) integral eqmtions of Laplace's type. The term integrals of Laplace’s 
type is sometimes given to integrals of the form 

^cos{xt)<f»{t)dt^ 

bul it is more convenient to name these after Fourier, 

- The integral equation (1) was studied by Abel,^ who obtained a 
number of properties of Laplace’s transfoimation. Abel also proposed 
the problem of solving an integiuil equation of the first hind, and Stated 
\hat he had obtained a solution for a general type of equation,^ Tim 
equation (2) >vas studied as an integnil e(piat loti for detemAwtig (f}{t) 
when p(<) is known explicitly by Kobert Minphy* in 1832-4d34« He 
gave the formula ^ 

4>{t) = coeff. of - in 
z 

and^oonsidered the general problem of determining a function ^(0 
which 

1 

o = jf ’ . . . .'-(a) 


when z has the values 1, 2, . . , n. The last problem bad bem treated 
previously by Jacobi/ hut not solved completely. It virM jbownby 
Liouville'*^ that the above equation cannot be satisfiedibr mjiositive 
integral values of when x(0 is a function which only oban^B sign a 
finite ntimber of times. This result is of importance ^ settling the 
questioR of the uniqueness of tlie solution of an equation of Laplace’s 
type. The result was extended by Lerch ® in 1892, to th$ .^ase^in which 
X^) is continuous, and has been extended to other of 

z and other types of function x(f) by a number of subfi|ebiyti^^yrlters.^ 
It^B been snown by Kluyver and Nielsen that equation 'ipl (2) 
ard^of groat importance in expansions in series of inverse fabitoials, 

,, The integral equation " * * 

eo 

y(^) (4) 


* Cmh Pk^ Tran*.,\<A.w.,'Ut^v^JS^i4fiil, 

• ml’ 

1908 ; 0. K. Uoore, 

TOl. lx. 


1837. 

Palermo^ 
ISjtO, Me$i, Math.t 
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wag used by Ei< mana^ in sdme researches on the Irw of distiibution of 
pi lino numlters. gave the inv^ion formula 

oo I 

a—cot 

This inveision fdwiMila has been studied very thoioughly by Mellm,* 
and is of oon^eirable importance in the tlioory of the Gamma and 
Hypergeometrie funotions. The solution of the integral equation (4) 
when /(flsj is {^ven, for positive integral values of x is known as the 
Prohte^^l^ IjfopMnts and is of some importance in investigaiions on 
the equation has been studied in these ^o^TOlun- 

stanc eKOT ^P^^,* in Us famous researches on oontinued‘£nk$Uc^. 
He ^ solution of the equation is not unique a 

nutn]i|j^P^?l||ptldi^ indicated by the properties of an Mscmated 
divetu^ifieb^ era imposed upon the functions / and<^ The results 
of expounded and generalised by Borcl in his book on 

divergf|D^.f(M^. 

StidMea is also led in the course of his researches to a solution of 
the equitiou 

f^uihtions of the foun (1) aic of considerable importanoe in 
the iheiOiH^'of divergent senes which has been developed by Boreb’ 
le jBarnes/ Hardy,® Cunninghcawi,'* and others. Ad excellent 

aocotlT)t^^C$ the theory is given \n Bioinwich’s ‘Infinite Series/ A 
divergea%90rieB is associated \Mth a function 

If 

^ /» 

and tho function 

/[r) = 

o 

properties of these integrals are given in papers by 
the ahtnrai^j|^Uennoned. 

XiSra^f^l^h'itnown that if an integral of the type 

oo 


/(n) sa je~'*^(t)dt 
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exists for anv rea^ftlue of x, say x s=^, ttjen it exists for any real valu’^ 

otl}er-l)s^/}ias< litabti^e^'%>i^ general 

theorem' tWtl^e integral ^ 

o 

converges for x = «, it must converge for every finite value of x whose 
real part is greater than or equal to «. Pincherle assumes that (fit) is 
finite and continuous in the interval o ■ ^ • 1, but this restriction has 
been removed by Landau.-^ 

2 Fouiicrii Theorems. 

The name of Fourier is greatly honoured among mathematicians for 
his researches ' in tlie conduction ot hoat^ wheiein he was led to 
investigate the general problem of the f \j)ansion of an arbitral y 
function in a trigononietiical series, or as it is now called, a Foinier’s 
series. This investigation is only of induect impoiUnco in the thcor> 
of integral equations, but his discovery of the iinersioii fonnulie 



and of the double integral 

CO CO 

«|.(aj+o)+</'(j:— o) = ^|^a|cos X(r— . . (3) 

« -CO 

must ran^ ae the greatest discovery in the whole history of the subject. 

The investigations connected with these formula) are very numerous/ 
and various conditions for their validity have been obtained. The first 
suifici^pt set of conditions appear to have been given by P. dn Bois 

‘ AnuaUi dt VSeeh Mormo/e svpirUnire. 1905 (3), t, 22, pp. 9-^, < 

^ See Nielsen’s Uandhwnh der bfainma Fuiiktionen,^ p. 320. ’ 

’ TMofie analyiiqtte dr Id cMeur^ Paris (ldS2), Fourier’s res^^refies were first 
presented to the Paris Academy in 1807, and alterwaxds gained the great mathematical 
piize in 1812. ^ ^ 

♦ A good bibliograplyr is given in Garslaw’s SeHei an4 InUgraU which 

also contains a proof of the formula (3)v Another proof is given in Bromwich’s 
Infinite Senest arts i p '>0, l69. 
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lit ymomi ' Tlio condition^ woro simplified by C.-Neumami,* Dun,’ and 
('. “Jordan.* Tjhe Mt^noaned proved Wil the supposition 

that )^(.r) is a of limitiea tote^/fiimluaMon such that 

' " to ’ ' ' 

o /' $r*co 

is converg^fftt. Ttifesti have practically remaiiicfl the standard conditions 
until the prcd6)it time, but the results have lieon recently established 
under slightly different conditions by Ililb,? Weyl/' Orlando,^ Hobson,® 
and Pringsbeim.® A good account of the pn sent state of the theory is 
given in Pringslieim's papeis. Tlie fonmiU' have been discussed by 
i fobson from the point of view of tlie Lebesgue integral. Cauchy and 
Poisson discussed the fonmibr (;3) by intioducing a convergence 
bietor changing the oidoi* of iultgitilion and finally making k tend 
to zero. This enables us to use llu* foimiili in oas* s when the integrals 
aie not convergent witlioul tlie Lictoi c 'I lie method has been dis- 
cussed by Boole‘S and other wnU is, and has Ik eii (‘\tcnded to other 
integral formulas by Somineifeld,’ * lJaid\,^* and OirJ^ 


3. Applications of Juiaia's Voimuhc, 

Pourfer'a forinuUc arc of \ei^ gu at unpoitancc in all branches of 
111 itliomaiical physics in ^\bleh tlie pbenoim na aic e\pie5*bed liy means 
ot linear partial dilterential equations ^\ hcne\ er the equations possess 
bolutions of the form 

. . .) cos {at + c) 

the solution maybe geiier.ilised 1)\ Foiniei’s tluoiein. The method 
coiibists in multiplying by an aihitiai> luiietjoii of a and integrating 
between o and oo. The introduction ol the boundaiy conditions peculiar 
to tlio problem then leads to an inUgial equal ion for the unknown 
function, and this may ho sohed b\ Fourier’s inveision formula. This 
method of reducing a problem in paitial dilA'rential equations to the 
solution of an integral eqe^ition is of \eiy ^Mde application, ♦and the 
integral equations which occur m tins way are of primary importance. 
It juso happens that in many eases the inversion formula can be 
expressed in a concise foini. 

Cauchy*8 method of solving partial differential equations by means 
of definitcJintegrals is founded on an application of Fourier’s theorem, 
or at least the analogous theorem in several variables. 


' Math ?d. 4, pp. 362-300 ; CrdU, Bd. 79. 

- die maoh JCreU-t und Cylvider- Functioned forUohretienden 

UnimcMudgen^ heipsig (1881). 

* Serie di Fourier, Pisa (1880). • Cours dUiialyse, U 2, Paris (1801). 

^ Math lOw* Bd. 66, lieft 1. • Dhu'rtation Gottingen, lOOs. 

’ Bend, tidceif October 1906. vol. XniU 2nd ber„1900. 

“ Froo. Zond* Math See., 1908. ^ 'Iheoiy of Functions of a Real Variable Ch. 

® Jahretderfpid der BipKifeh MStih Virr,^ 1907>Bd. 16; Ma^ Ann,, 1910, Bd. 68, 
pp. 367^08. / j. .. < 


M^mire mtr ta.th^ie de^ 
Trans. Irish Aeadh VoU 
" Cawh PUL 
Prer Irish Acad., 1009, ?o! 
IDLO. 


1009, ?ol. xxvu,* Sect. A* 


« ihid.,ms. 

JHsserfydien Fd/ii^shery, 1891. 


A A 



350 


BEfOKTS OX TEE RIAIE OF SOIENCF. 


Ku'thholf* matle interesUtig ’ of Fouiki’s foimuh’ 

wheu estftbliiihitig tbe law of radialtow^b bcgiW his jiaine In oi di i- 
to bhow that &6 law is valid for each separate waveJength bo hcul to 
prove that the equation 

o 

j sin^ ^ f{\)ilX = o 

r 

could not be satisfied for every positive value p of the thickness of a 
transparent plate unless 0(X) was identically zero The proof depended 
on a use of Ifouner’s foi 

Fourier’s formilte have inuiy inleiesling applications in physical 
optics.^ Some of lhe^e dL])eiid upon the use of a formula duo to 
Bayleigh * and e\tendtd by Schustei ‘ 

If 


A|{a:) =: |cos 

B,(.) = 

Jsin jcl<ii{t)Jt 

A2(7) ~ 

x. 

15.(0 - 

j-.m 

C 

j - jf. 

0(0 \ (0+i5,(0J3.(0l<r'’. 


— t.o > 


Schustci has made an extoiisne use of Oils foimula m a JIudy of 
interference phenoHR na The foLinulii has bun extended to int^gials 
analcTgous to thpse of rouner hy II. Wc\l ’ 

Some vciy intoresLing applications of Fouiia’s theorem to tlio 
evaluation of definite inUgials containing Dossers functions have boon 
niqjlo by Macdonald 


ns of 7 ovi u / a Fot mala* 

Th^ following genu alisat ion ot Fouiicr’s theorem was obtalnod bv 
I4oiav|Ue ^ and Hamilton ^ If 



is such that ^a?) never exceeds a certain value and 

f.m 


> A4^, (»m., 1680!, 10», fk 276. 

* B. ' 

Society t So*, {1900% p, (Sit 

. _ . . . 




racliAtiort 

ProcoJjimd 

Lwvx ilU'9 Jowmaly lS8#i 


mo 


m 


domical 
p. 217 
rith the 


snl,» TSiSi vol. XIX 
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y 

^ 1L 

ti 

- cio 

has a n0ithei:' zero nor infinit^^ then 

CO OQ 

/.(«) « ^ ^^«^<l‘Hy~-x)]f{>))cly (1) 

O — CO 

namil6iin gave as an e'tanoplo the case when y(s) is the Bessel’s 
fuHQtita), - , 

ind ij^oduced tho idea uf ca nnctnating function The general formula 
(1) i^^been established iiudci c< itdin Imntitions h} Du fiois Reymond * 
and In a more general ni innci l)> Di ITob^on ^ in a profound memoir 
which contains proofs of ni.in> iinpoit.int llu oicnis 

In 1868 0. Nouminn ga^o a foimnli unohing BesseVs functions 
which a genoialisation of rouuM s tln'OKjn, and some years lalci 
llanJsiAT obtained the beaiilifiil ioiniiiKn — 



(/,(t) =:|.J (lt)l/{>)<l 


i 


whic^ Contain Pourici’s fornuiLr as a paiticnlu case. These fonnula 3 
wom^hloore^ independently h} Sonme 

PrOQ|||gJI»TO foimuia* hiVL hcin £,uon by Du Bois Rejinond/ 
Ba0Sety^P^^ieIsen,® and On 11io founula' ha\e been discussed witli 
the aid^^f ednvergeuce fac^ois hj Sommeifeld^ and Hard}^.® Weyl 
lias ei^tablishod them bj genn il imlliod appiopriate for dealing with 
singular iptegral equations 

A ^'©markable extension of I^omici’s foimuloc has iToen obtained 1} 
Hoaviside in his electrical rescaicliesJ' If b is defined in terms of u by 
moans ^ the equation 

'* < Ian b = 7 >{«) 

given odd function of 'U, then an arbitrary function 


Jottmalf Bd. €9, 1868 ; 
* jttwMJ* ZcMy Math Stfi ^ , 1901^, s 


Bil. 79. 1876. 
sor. 2, vol \u. 
Bd.e. ia76,p 471. 

1909, ser, % vol. vii 
■“ “ ‘ 1888, vol h. 

%mone», 1Q04 
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f{x) which is subject to certain restrictions can be expressed in the 
form , jjS 

^ c:> CO 

0 0 

A sbmewhat analogous result has been obtained recently by Orr.- 

If C(X) and S(X) are two polynomials such that the values of X for 
which G(V) + tS(X) in xero have negative imaginary parts, and /(x) is 

a function which satisfies Dirichlet’s conditions and is such that 

¥ 

|/(x)dx 

o 

is convergent, then — 

fC(X)cos Xx + SW 
J MX) + tS(A) J 

— OO 0 


= |f/(^>-+0)+/(x-0} 


_ _C(co) 
CJ(co) iS(oo) 


r > 0 
/ (a; -f 0) . r == 0 


4. AheVs Tntrgrnl Equation. 


In 1826 Abel gave the solution of the integral equition 

0<X<1 

/(<!) = 0 
a 

in a form equivalent to 


TT J (-2? — .r) 


( 1 ) 

( 2 ) 


He obtained the particular case of tho cquHion in which X = ^ in tho 
solution; of the dynamical problem of finding tho form of a curve such 
that the time a particle takes to slide down tho curve from an arbitrary 
point to the. lowest ] 9 oint may bo a given function of tho arc descriM.' 
This' problem contains tho problem of the tautochrone as a particular 
case, and. is analytically equivalent to the problem of finding a surface 
of revolution'^ which the geodesics satisfy certain condinons. Tho 
case in which the surface has an equator and all tho geodesics closed 
curves has been solved by Darboux.* 

Another of the integral equation had been obtained previously 
by Poissdul'in some researches on the distribution of temperature in 
a conduc^ni[!|ph^, but was left uusol^. It was, subsequently sfilved 

' ColUetedM*iai^.l\, The taper WWUislISd {o Chrbltania in 1823. Boc 
also Crelle, vol. i., 1826,’ p, 188. » ThMit g^nittik mtfitee$, t. 3, pp. 5-7. 

’ Journal d* VEcolo’Polyteehnigue, 1821, 19, p, 298. 
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l)y Liouville,* who appeals (6 have obtained the sdufcion quite inde- 
pendently of Abel* ' * 

Liouville coftiMipted the equation with many interoeting problems in 
geometry and toalyeis, and gave practically a rigorous proof of the 
iu\ersion foi^mula 

which holds if /(i») is continuous in an interval a x^bii /(a) = 0, and 
if the integral in the last equation possesses a continuous derivative, so 
that the function u{z) given by the formula is continuous. It can be 
shown that there is only one continuous solution of the equation. The 
transition from formula (3) to (2) can bo effected when f{.t) possesses 
a finite derivative which has only a finito number of discontinuities in 
the interval (a Irx^ h), 

The case in which f{a) 4= 0 has been considered ])y Goursat.^ If 
f{x) satisfies the foregoing conditions, the solution is given by 


.«(«)= /(«) shix^ f 

1 C {z ay ^ TT J 


fix)dx 
\z — 


Careful derivations of these results are given in B6cheris tract on 
integral equations. 

Liouville first studied the integral equation in 1833 in conneePtion 
with the theory of fractional differentiations and integrations. He was 
thus led to some analogous forms of the equation in wliich Xis negative, 
and gave the formula 

OO 

I <l>{x+a)dx = ( — I)* r(;{) f{a), 

which, however, is only \ahd when a laige number of conditions arc 

bcitisfied. 

Boole * extended Liouville\ lesults and ga^e the following general 
formula for the solution of tlie e<iudtion . — 

I 

^(«) 

0 

vAhero » b ei jpooitive fraction. 

^ a 

t being the Xte^^ above aad » — 1 being less than the fiist 

exponent in wh 4ev^opmeot of This formula is 

* Journal do vieih^^VIfteehniautt iSH, * Aeta Uath , 190J. 

• Camb, Mailt. Joum.a ld45, vol iv., pp. &2-87. 
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closely connected yy^ith Riemann's tormulii for fi actional tliffticii 
lion, Yii5 , 

r 

Ahol's integral equation occuis in many in\( '.lig itions, some I 
which arc of a phv'jioal chaiach i Ii is used in tl )0 denvation < ^ 
Schloinilch's expansion ^ of an aibitiai} function in a sciiob of Bes&cl 
functions of the type 

A good account of thU theoiy is given m \Vhittal\or’s ‘iVnalysis' 
and in Nielsen’s ‘ Cylinderfunktionen,’ ^Yholc another proof of Abors 
fornaula is obtained. The proof is iatiinatol> connected within artHico 
duo. to Poisson-^ in which an integral over an octant of a splt^cal 
burf^e is expressed in two ditfcient forms, e (j , 

Hf r It nr 

Tf J J J 

I |/' (bin 0 bin f) sin | j ^ ’ 

0 C O 

<,m-Aov 

This artifice and its gcneialisiUono liavf Ik on iisod to obtain pi oofs 
of Abel's formula by Tait,^ Belt i ami, ‘ and (i\v}thci. 

A form of Abel’s equation Las Iiecn used by Jjamb in the solution of 
problems in hydiodynamics and the ditli action of light. 

If J{fi) -'^jx {** u) da, 

O 

then \(n) = — I y {/I cosU v) diL 

Thi$ forfidula is a paiticnlu ca^c of the moie general foirxffttl^ , 

»<»>=! »<-'=» 


vin) - - 


wn ^ rf f g{y)dy 
Jijj [y~i 


which Qk&y deduced from (3). The case in which c 
lo the eas4^ wHoh a a o, in (ll and oan be examine^ 
The equation occurs in the soltttien^pf, the 
Benndorf^ilfl 'Schuster of dotwmfnii&d.^LlFeltMtity irf-Sw 


ZttfrMftjir JtiiUlh in 


by Gwytbw, ^ 

^ JoHm» r EtoU 

^ Pjoc, Roy. Soe of Edinhurght 1874; 
* Head. Lamb , 1880, sir. 2; Vol. xiii. 
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( iitliquaU \\i\c \t difforont poult‘s of the oaith on tlio «5uppn«^i(io i 
111 it tho c n tb IS /mmetncal about ita centi|u This piobloin li is Ik < ii 
‘^oh d by Q He gloU^ and by tho author* The method has Ikcu 
ipplied to some j cent observations by Wiecheit and Geigei ® 

Abers equatu i has also been used by Boggio * to solve a diffcieiiti il 
iiitf gial equation which occurs in the problem of the motion of a sphcic 
in i viscous flui I This equation his been obt lined by Basset’ and 
Ficciati,^ oud w solved by the lattei by a infthod of expansion The 
H suits aie of S( me physical inteiest, as it is piovcd that the motion of 
the sptoio tends to become nmfoim, and then its limiting velocity is 
given by Stokes’s law A good account of the thcoiy is gnen in % 
iecent|<^^er bj Basset, * Quaitf ily Journal (1910) 

? Ss* XfUegfal Equations u%ili Vai table Limits, 

equation in which a \aiiable quantify 0^&iq(b 
in orf&^» Ifitofta 0^ mtegial ippeiis to hxve been first consf&ifed 
by AHbougfi no method ot solution w xs suggested. 

, in (1815) solved a specixi inU gi il ocpiition of this type by 

diffe^^oi^totioh, but the fust genci il nutliod of solution appears to ha\e 
been ny Poisson ^ m 1H2G ITe obt iuk d an ( quation of the foim 

t 

^/{l-0)ii0),10 . . . (1) 


111 whioh th0 tmknonn tunction ^ appe us liotli inside and outside the 
sign df ilrtegratlmi. An equition of th f)im (1) in which the kejnel 
IS of tim form/’(i5 — H), will lx c ilhd in inttgial (qiixtion of Poisson s 
ti/pe, Poisson solved the tquafiou h\ (\pinding (/(^) in powus of /, 
time ob&miug au infimto sdu ol mulupli inUguiIs, bud he did not 
estahlii$b th0 conveigoncc ol tin n» s 

This Was supplied h} ijoinilU in (1S37) Ife aruved at the 

integial equation 

«),(«)<?« . (2) 


in his closaixial researches on lineai dificienti il equations and the exmn 
siou m tiie so-oatled oscilhlmg funchons These functions Satisi> rx 
differe0|j^0qi^f|0ni of the Stuim-LiouMlle l)pe, vi/ ^ 
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parameter r for which the equation possesses a solution satisfy in" ha 
boundary condition of th^, problem. 

The equation (2) was also used by Caqu6 * in his ^’eseal*c}l(^s ( u 
differeiltial equations, and he expressed the solution in the concise form 

t 

^(0 = + x|K{<,%(«)rffl 

o 


where K(^, d) is the so-called solving function. 

The general study of tlie equation was, however, taken up l^y 
Volterra*'' in 90), and the theory was at the same time applied to the 
equation (i,q 

/(<) = (3) 


which liad been previously studied by liiii},'* and' treated as the limit of 
a system of linear ecjuatioiis. 

TJw Just equation is named after Voltevra in honour of his extensive 
researches on the subject . 

The general method of treating the integral equations (2) and (3) 
was also discussed in lS9o i)y Lc Roux in connection \vith his researclujs 
on partial differential equations. AbeVs integral equation, which is a 
particular case of ecpiation (3), had been extended by Sonine^ in 1884. 
VolteiTa obtained a more general result, and connected it with his 
general theory. He also considered equations in which there are two 
variable limits in the integnil.'’ 

These equations and analogous ones have been treated subsequently 
by Holmgren,^' Lalesco,^ Picard,"* and otlicr writers. The connection with 
differential equations has been developed by Fuchs,® Diiii,‘® Lal^sco and 
the author.^ ^ 

The general formula for tlie soluiion of the integral equation 

X 

/(.r) == ^(.r) - 

o 

X 


’ LiouvUle's 1864, vol. ii , t. 0, p. 186 

* Torino Atti^ 1896, pp. 311, 400, 567, 693 ; A malt di Ufatematica ^ 1897. 

* II Nnovg CimentOt 1884, t. 4, p. 49 ; llend. Linceb 1884, set# 3*, iu 8. 

* Acta MatheniiUlcit t. 4. Another generalisation was given by P* 0. Tai<, 

Srunfijio Paper^^ vol. i., p. 246 ; IJdin, Proe. Roy, Hoc , 1874. ^ ' 

^ Equations of this type have been also consider^ by Ficardi, Comptes rendus, 
1909 . , ‘ ^ 

^ Torbw Attf, 1900, t. 35 ; (JfpuUa MeniaiT$t 1900, t. 3. 

^ Jiionville*$ 1908. « 

** Compfes rend^i, 1904, p. 245 ; ihld.t 1909. 

" A naah di Matematioa, ser. (2), voh Iv., to. 86-«49 11870). * 

Ihid , 1899, scr. 3. t. ii., pp. 297-324 ,* t. ill., pp. 125-183 ; t. xi , p. 385. 

*' Proc London Math, Soe., 1906, p. 107; Darboux’s BuU.t 1006. 
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whei 0 K(»,<) =s K-(a;,t) + SV" Kx(x,t) 

2 

X 

The eefUib fot l({x,t) is convergent for all values of X if /(as) and k{x,t) 
are bounded integrable functions, and theie is only one bounded 
integrable solution of the equation. 

The integral equation 

X 

/(^) — /(«) = |'l(-'r,?/)'/'(y)dy 

a 

may be reduced to the previous one by ditferontiation, for we have 


fix) = ll{x.x)ii,) + 

« V 

It is convenient now to assume that /II(/’,i)/ has a lower limit which 
is different from zero in an interval a < a- < <i + A, and that the function 

1 ?)H(x,i'/) 

110/.'/) S'* 

is a bounded integrable function in this intorv.il. The previous method 
niaj then be applied to determine the function 

J,(x) = If(..a)Kr). 


If 


Volterra’s extension of Abel’s theorem is as follows : — 

y 


(^<i) 


where /{y) and f{y) are finite and continuous for « < ^ < « +^A, and if 

Cj{jr,y) ahd 55rG2(.r,7/) are finite and continuous for all values of x and y 
ay 

contained in the interval («, « + A) and the absolute value of the low^er 
limit of g{y) « G{y,y) is different fiom zero, then here is only one finite 
continuous function which satisfies the equation fora < a: < a + A, 
and this solution is given by tlie formulae 

a 

y 
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When .va^shes for ® « 


we bave-iheablf^ 
H 




fe.'take a ditlerent fovin, muI 


M 

. II(a: y) = 2!i Ojir'y 


n + 1.-/- , ' ■ 

+ 2i a?y 
0 


and.%e quantities arc constants. ... ... 

L,(;r,y) and their derivatives with" regard finite 

and continuous foiv(f><.r<7y) and (o<?y<rO, and if H(^,-y)i/!^0,es not 
-iVaoish except when y = o, there is one and only one finite and continuous 
function w’hich satisfies (2o) in the case when tlie roots of the algebraic 
equation of degree n. 

. ' . ^ 4. «l . 0« 

, A._i+x-2+ • • 

arc finite and different from one another and have their real parts 
PQSitive. If one or rnoi’o of the roots have theii' j’o.il part nej|j^tive iintl 
the are oihcvwisc linito iiiul distinct, tlie pvohlom otv{findu\»» a 

which satfs/h-s iho inio^ml equation is iudeWniinate. A 
uiseful criterion for (hicivnuniiiff whether an equation of thna^Jiye type 
roots with only positivt* real parts has been given by 
vJ^rfcher investigations connected with the case 
VaTfi^hes have been made by Holmgren-* and Lalosco/®^;v^^'M!^r eon- 
sid^ the particular case in \vhi(;h ir(.r,y/) is a polynqmillKVif the 
in x, and show's tliat the in!.(?gral efiuation inay^b^v^fiocd to 
a linear differential equation of Ibc order by differe^Safi^j^. The 
algebraic equation for \ is then ide.ntical with the iiidiciiill ^uiiiion of 
the adjoint dififerential equation. The results are then'. Ugpliod to the 
study of the general case. Kiirther investigations ou ih$':Connection 
betwen linear differential equations and integral equations Of ’^ffilterra's 
typ^bave been made by Dini • and the author.'* It may be sKo^n wilb- 
out diffieulty that a linear difi’erontial equation may he repld^d by an 
integral equation of Volterra’s type, and tl'CJi, by applying: i’^iethod of 
successive approximations, a scries is obtained which repi^cO^^ Solution 

i.:„i l : 


x 0f;;tbe linear differential equation in the whole oC 4hc;C 


^planc 


^ing singularities). This method of proving the 
to Cauchy r® 


of Voltorra’s theorems 

sohilv^;<^tUelbt^i»l equaition may not be uniqde'j^pq 
solutjiqbbj'^b'?'®^^*' "Thu?, BdcherTfgives the exaqil|?^®^ 


the 

.jfitinuous 
' . 


^ i Bd;46; ■' .■ -- '• , 

* 570 ; : 

* Lic>«iyW|Brs.;5i!«^^ lOOS^ eer. 6^ToUlv.i J^ 1%, : 

* yv<w?, ziniim 
^ Ah Tjitrochtction to the. Study of J 7 (^'a ^¥&1 ] 5 quak&n$\ pi 17 , 
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m 



It IS iateuesting to conipaic tlu-s insult \MtK tlic foimuU m\enon 
416, § 20. ^ 


^ PhjHeal AppUtationb of thu J jiiatu ns a itJi Vanahlc LimitSn 
Problems of Jltud hf an I Ihj'iiuLbiii 

Volto^ffc lias made use of 1 1 il c(|Uitio i with \aiiabIo limits 

some rdSiMtehes ou the cquilibnum of i lot itin*, in iss of fluid, and 
tio are xidd^iciou^ applications of e<puUons of this t}pt to partial 
tfoi onliitt ^nations of the hyptibohc ind piiabolic t}po,^ but the 
Obt mtorosting applicatiorib apptai to be to piobkriis of hci60|ty m 
Inch a phy^w system cxhibitb phcnoincna of nieinoiy oi hystoi^s. 

It has D^^^remaikod by Picaid, in Ins iiticle on 'La M6caniqnc 
Vbsique it* s^s apptoximations successnes, ‘ that mechaniQS can be 
vided into H^ditaiy and non hcicdit ny nu chanies The latter deals 
th Ga80lp;kn which thofutiocj of a sjstfin depends only u^on its 
tual stateKi^nd the stitcs which piecfdo it but are separated inSunif 
J moment&|y one only by an inhnitesimal mtoi\aI of time. ^?Phe 
merdo^^ith the case when any action Icaies an impression on 
' svst^^l^ the actual state depends upon ail the preceding states* 
The i^to^j^j;it4^faanical pioblems of this typo was commenced by 
on magnetism alieady lefeirod to Ho tepre- 
ited of magnetisation at time i by e\pressions the 
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Section 5. A bomewhat similar ^rooedure was adopk'd by BoUznian i ‘ 
in his theory of elastic afterworung, and by Korn * in tho study of tm' 
action of e^enium cells. 

A gi^oaral .theory of problems of this typo has bee» developed by 
VolteSra.^*' ha gave a genei-al expanmon theorem for a quantity 

whicb db|iends on all the values of another functioii in a giycn interval, 
and in fais recent researches he has developed the theory ol integro- 
diSerential equations,^ which appeal’ to be the typo of equations usually 
required for the treatment of problems of hysteresis in electrodynamics 
and the theory of elasticity. It is found that in electrodynamics equa- 
tions of Poisson’s type are of special importance. 

In problems of meinoiy, when the state of a system is represented 
by an equation such as 

f(o =/(o + ^ I 


it is interesting^ to (ictermino ihc sets of values of t and 6 for which the 
function k {t, t^) becoaicb infinite. Jf thobo are determined by an equa- 
tion of the form 

F(//0 = o, 

then the events which occurred at the particular times 6 given by this 
equation are those who&e effects will be emphasised at the given time t. 
The emphatic events will, however, gencriilly change as t varies, unless 
it happens that the last equation is independent of L 

An interesting pioblein of lieredity connected with the motion of an 
electron has been discubsed liy G. llerglotz ’ and P. ‘"Hertz.® The 
integral equations are in tliis case of the forms 

/■(o=^(<)-| 

o 

k(s) = 3 — Gs^ 0 <: s < 1 

t 

and / (i) == — | s)^(s•)ds 

o 

k(6) = 5 — 305- + 305^ ^ ^ ^ 1 

respectively, and are solved l^y a method of successive approximations. 
An interesting feature is the occurrence of solutions of the homogeneous 
equations of the form 

"“ii I* 

f^{t) S= 6 

' Ana. Phyt. Chem. (Pc^gendorff), Krgzgslid. 7 (1878); SUting^lieHehU, Vienna 
(1874). • i**, »..&«»*»•. (1009), p. 793, ' ■ 

Jfvnd, Zdncei, 1909, vol. xviii., pp. 203, 296 : * L’invezsiott' de« ipt^gralcs (16- 
finios/ * ^ture9 at Clark ITniversitj^^Teubner). • ^ ^ ^4 

* Certain tspeaof integro-differeniialiequiitioiis have been coitsidered bj Picard, 
L<iuricclla, anaBui^iti. " 

» Nachr., 1903 ; Math, Am,, 1908, Bd. 65. 

Dissertation Gottiftg^n, 1901 ; Math, Ann,% 1908, Bd. 66. An account of the 
woik is also given in a papCfiy G. F. C. Scarle, Proc, Boy. 8oo, A , vol. Ixxix., p. 660. 
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>li(MO the qimuittK i n* are the roots of the transcendental equation 

solutions ol the ' 

y - * 

K(t - sy(s)ds — oo < ^ < 4. oo 

o 

, ' t 

^(0 Q(0 Q(^ s)fc(?)^7s 0 < ^ < + 00 

o 

^spectively, and the solution*! of the two equations (1) and (2) arc given 
} the formulae 

=/(<) + |/(«_s)K( 9)* . . . . (I)' 

— C-> 

t 

fw =/(0 + [ /(«)Q(<-')ds .... (ri) 

o 

2 spectively, where ^»(/) is wiitten for 
There i# also an expansion theorem — 

1 1 

Hi + 0) + — 0) = 2 i ^ ^ I *’ * H‘‘)'^'’ I ‘(")« 

> 1 f 

ITerglotz*a paper contains many othoi inteiostuig results. 

An interesting integral equation winch is leduciblo to an equation of 
‘oisson’s type was obtained and sohod by Beltiami * in some researches 
11 the conouctiin of heat. The equation is 

o 

a 

id its solution depends upon the fact that the operation 

F-w-Jif 

v» 

ossesses the property, 

^ , the effect o{ repen^g the operation is e^mply to add the arguments, 
his result may be de^^ced Borel*8 muUtplication theorem gnen 
I Section 16, ^ 

^ Bologm ser. 4, t. 8» pp. 291-326 
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Beltranu’s worlc bns reoeptlFjte^tii^lle^M^saio '■ 

P. H9rlE*'jN(f sluiwn* that siting galvxiio 

moter upon an* integm' type Thi 

diffnxeniiM nguation for the motion ot the electio 

nagoeSe damping only is considered, in of the form 

I 




nrhere a and b me const uifc The initial conditions are oT^^ type 


v(o,i) = 0 




:0. 


The equation is soiled accoiding to Eayleigh’s method!]||^]^Uttmg 


>jrr 

I 

7(<>) = 0 


and putting 


V = > y (() sin 

where 7 (o) s=: 0 

Expanding P in a l''oiii u i s sciics 

r = v ^^sin’7 
I r / 

(. as 1.3,6 . . . ) 

*(0 - r (0 - +y> 4 — = p_6 di 

i 

we obtain the intL^n il erju iiion 

t 

r(0 = <i>(0 + |N(t-o)t()yo 

foi the deteiminaiiou of *!>(/) Tin funciiion N(i) 19 ^ defined by the 
equation 

XT /A ^hl 1 avrt 

N(0- ^ 

{. = 1,3,6 . . . ) 
accoidmg as t lies between 

3w — ♦ 1) ^ and or between and 

a a a a 

Hertiz also considers the moie general equation 


and IS such that ■= + 2ah 01 
ot 


which corresponds to the case whM the resisi 
into accounts r 



is taken 
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The 6(f~0hS^ISifS^Sifr t)t l>it!xiblet,* wh&)b li^ta^estabtish the 
oMstenos fuac^lion hftyiiQg given valve& round a cofutoui, 

wis origidi^^BWEP# by Ciauss and Lord Kelvtn by means of the 
cilculus of l^pfattobS) (be function V which makes the integral 

mO’HSD'-OV- 

a iinnimum bQing the requiud potentiil function This pi oof was 
considered sufficient by Eicininn-* but wis icjccted by Weierstrass.^ 

In iStO C« Neumann* invented lus finious method of the arith- 
metical mean in which the solution of the piohlcin was leally reduced 
to that of an integral equation of the second kind 

The reduction of vaiious potentj il pioldt ms to intcgial equations of 
tlie second idiiid depends upon the liindimcntil piopeities of potentials 
of simple and double lavcis 

Let the symbol f(p) be used to denote i tunc lion of the co oidinate 
01 parameters which deteimiiK tin position of a pcint P, then if r is the 
dibkince between two points JB and wc ])iit 

j ^ 

^ log foi 2>ioblenis in \ jil me 


1 


foi piobltins 111 spice 


h(s,p} ^ f ^ Sn the jJine 

' On w i ^ 

1 ros / 

= ' in spico, 

Irr t 

if neing line a^gie between tb ladms \eeto» and the normal at a*poJnt S 
on the boun|?fcry> then 

V(i») =|<y(?,s)/'(s)d4 

W(ii) = |/i(s)A(s,;<)ds 

aao th6 bf simple and double layexs of strength, 
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*■ 8V 3V 

the values of the normal derivativM just outside and just 

side the ,boi||;tii»ry,«te oonneoted'bi^ tW eqt^^s < .< 


HI- 




The potential of a double layer is dibcontinuous at the botfadary, its 
values, Wj, W^, just inside and just outside being connected by the 
equations ‘ 

Jr\V\-W]=,.W 


Poincare eniinciates the two piobleins of potential theory in tluj 
following form— 

L To find a poteiUial of a doubh laytr vhith Mtisjics the condition 


Uw,-w,j-J[w, + wj =/(/) 


at a Tcgnlar point t of the h nathn y. 

II. To find a potential of a simple lajcr which satisfies flie condition 



These problems arc reduced at once to the solution of the adjoint 
integral equations 

M(t) - x|/i(s)/t(.f,/)(/s =/(<) 
fi(t) - \|/i(t,s)f.(s)ds =/(/). 

For X = — 1 we have the internal problem of Dirichl^t and the 
external” hydrodynamical problem ; for X = + 1 we have the external 
problem of Dirichlet and the internal hydrodynamical problem. Poincar6 
calls the general problem in which the parameter X occurs the problem 
of 'Seumann. The introduction of the parameter X by Poinoar6 is really 
a very important step. 

In Neumann’s method of solution the functions /u(^), p(^) are deter- 
mined by expanding them in power^of X and determining the coeffi- 
cients in su^ssion. This method, which has been ^differential 
equations since the time of Lajjlace,* has been called^ the 

mcih)d ofyswoe^ive greatly 

‘ These relationi^ are of course cjlwsioal: |)ro0fs ot them are given by 

ricmelj, Monatstli^fi filr iU book by Viscount 

(VAdhemar, Viqmtiim de Fredholm etl^pfomimde MrkhUtet de Neumann, 
(Paris) 1009. ' > Wuvret, 1. 10, p. 64, 1779. 
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ftie]^«>d |K»Ives «kS probl^ j, 

9i afoi tbei ablution may bo e:ftoM 

ffitbr by Schwarz’s method of altematimir ^Hitther 

ection have been made by A. 0. Dixon.® 

Other?tfte^iOcltt‘of solving Dirichlet’s problem given by Kircbhofif,® 
Kobin,^/HTOft‘ StoMoff,® are closely allied to Neumann’s method. 
Poincarbrhl^ devised a method in which a scries of functions is 
formed, of which s^itisfics the boundary condition, and Whose 
limit satisfies the differential equation as well. Hilbert has shown 
that the^old method of the calculus of variations can be remodelled 
and made quite rigorous, thus realising the liopc expressed by Biill and 
Noetherv^that the principle of Dnichlet would some day bo revived. 
Generalisations of Dinclilct’s piobleni to paitial diffeiential equation 
elliptic type have been given by Segre Bernstein.^ ^ 

^ The advent of Fredholm’s method of solving tlie integral equation of 
the second kind has provided a new and hisiutilul method of solving 
Dirichlct’s problem, and has led to many now developments. It is true 
ihat the method does not apply to the gemnal ease. For instance, 
Kellogg remarks that if the boundai) is a lectanglo, Fiedholm’s series 
does not converge. It is probable, however, that by some modification 
of the method this difliculty may be overtome. 

Neumann’s solution of the equation 


/(») = ^>(4) - 'MO 


may be expressed in a concise form by introducing tlie iterated fmtQlions 

h 




‘ Acta Matk*, 1$07 ; Palermo^ 1801. 

^ TtaiU Sod Kd,, vol. i* * Coviptes rendus, 1. 133 (1901), 

^ Ann, M 1808 ; Am* de VSeolp Normale Sup^mure^ 190$. 

\CamhTf xii., part 2, p. 208; IcndoA Math. Soe^ s^r. 2, 

• /wrf., ^ _ : * • 

• ThioHe a» Bute Qi^}, p ^ 

•« Math. Am^ Bd, v. ^ £ 

" CompUi rendvd^ ffct.dOOA’t SO, 1910; recenf 

pat jots on Hirichlet’s problem have been publmm by Fubinl, Palermo {,1907), 

and Lel)e.«gue, tHd, (1909). 
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This' ^i»''A-’finifift' ^ 

ha^»^ 9 tae'’whose modulus is less than the* radius of .6(?^^^^^eftnd 
/(sJ-^^ji^ijdeif, the solution of the integral equation isf'^vgn^tjjw/y 

i 

<;,(«) =/(s) + xJk(s,0/(<)^?<, 


t^4 v4he;':Telati6n between the functions k{s,t), 
nl^tittire. f These* formula are established for othex 
;Br0^im’s meth^^ ^ 

■i'^r^tfeViSi in fact, a conscQuence of Poincares reseatOliefi^/J^wSit ■ tn^ 
{tiiaetibns«/»(i#),K(s,0 are mcromor 2 )hic finictionsol X,andBTe4^i^'iitatos 
at the beginning of his paper that his method provides a di?6ct/Xhothod 
of obtaining those fuiictioiis in the canonical form of the ratio, df two 
integrai functions of X. 


8. Grcciis Fimctiom, 

The iE.unction which Neumann has called tlie Croon's 
inti^uced by George Green in Ins essay on Llic applicatidna^pt 
matical 5 analysis to the theories of electricity and magna^j^^»(-i3^^)> 

1) '' ' 

Tlie Green’s funcUon G {x,y, 2 ) £,v,;) is defined ti6m‘i:,furiotioii 
\0iieb satisfies Laplace’s equation v “ V = 0, and is a jroghlRr f|»Tytic 
iuhc!^n'o.f a;,'//>ai at all points inside (or or.lsido) the the 

exc^tloja of the point the neighbourhood pi 

^ ’’V(^0''+ (y -''<)* + .' 

analytic function. On the boundarj^i^i^^i:^^%a 
linoftif- oondition such as G *= 0, = 0, or 

meatali-i»r6perty of the Green’s ftoi^tion is thal^lii^^^'. oi V^V 
■which satisfies t)i6;i%&e boundwy^Aattfl 

given by' tHffprmula. . • . - - ’ 

-'■: -is' 

This ^natf6j|i'^^ 
mination of / ttfoi 



:.,Qf V*V 
.0; is 


Ciig'. .- 


* K, Scfiinid 


detcr- 

tiry^edfadition 



and has Qonti^t 




/problem of 
which takes gwehW^lSes V over the 
.^^^B' ia jnow defined by the boundary; 66nd\tio\\ 
rtiomea hy means of the formula - ” 

a 


flvmc 


, ^ ’ s 

. -rr— --- of the Greens function is that it is a 

S’^'miiction of the points (rr, y, ;?); (£,» 7 , 4 ) — ixi/ , " ' 

~ G(£,i/, 4' i '' .v- •• ■',. 

ThiSiiltie^Jiftha^ the potential at P duo to the charge induced pv^^Syby 
a Q is equal to the potential at Q due to the .charge 

induc^d^j^Siby a unit charge at P. Helmholtz’s reciprocal theorem 
in spun<9t.j%^Wa consequence of this property of the Green’s function. 
The" ^^u|id^.^o^^ -+■ k-Y which satislies the boundary condition is 

giveh:i||5’||fc^ibg integral equation of the second kind,. ^ 


function for the equation v®V -f k'^Y = Q^Js 
fuhPtiotK M l^e^on-homogoneous integral equation. Thh'prOj^rties^f 
Oreeii'^S^jb^s in two dimensions are exactly analogous , tpv|^e of 
Groeh'^'Mnctiph in ono dimension, except that condition (1) i$'^gRbed 
by tho j^ditlon that 




• 


.G-lo« ^{x-ty + Oj-vy 


miialfjixir.a.'feflalalf analytic functioi in the neighbourhood of the point 



Burl__ 
follo^ 


j)^ (].894), and has been developed by Hilte^t aDd' lus 

’ " Tfi^^l^^lSunction for a linear diCferential equation o! order n is a 
7 V^ 27 . ; Stokos Oomoaemoratiou VoI^XlSlIif^ldOO), 

Am- TOl.: 4 i, Also 

r^iStokes CommernbraMcn 



A iinaU 
uquiitloh madi 


r>s .. r 

iterasbf (UfTereiiliiil 
; tfftsc. 1 , p. 66 . 
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function G(x,£) which satisfies oettain4)oati«lary conditions and whoso 
(n - ly* denTSttive experiencss a'ai|dd 9 A''nhiM!ig 6 4n value of magnitude 
— 1 at the udtiA aftfsS. In the oase'of Ik dlffi^milal equation of tlio 2n(l 
order, the CBfewi’s function can tisually be oxpnssfted in the form ‘ 


G(x, £) = 


um£) 

«(£)»(») 


x>(. 


■ C^) 


whore «(i') is a solution which satisfies the Iwundaiy condition at one 
end of an interval (a, b), v{x) a solution which satisfies the hound.iry 
condition at the other end of the intciral. If the linear differential 
equation is L(n) = 0, then a solution of 


L(«)+/(r) = 0 


which satisfies the same bonndaiy condition as G and has a continuous 
second derivative is given by tlie formula 


V 

tt(.r) =|G(.r,£y(i)d£ 


and conversely if v{x) is a solution of this integi'al equation of tlie 

first kind is provided uniquely by the formula 

J\a) = - L(n), 

The solution of L{ii) + \n = 0 which satisfies the boundary condi- 
tions also satisfies the integral equation 

b 

fix) i)fm. 

a 

and this determines the possible values of 

If the differential equation is self adjoint, the Green's function is a 
symrrtetiic function of x and L, and it often happens in virtue of the 
formula (2) that it is a definite function. It tlicn follows from the theory 
of integral equatiqus that the values of X are all positive. 

The question of the existence and nature ot the different values of 
X for differential equations of various types has boon discussed very 
thoroughly by Mason who uses a method depending on the calculus of 
variations.® 

Extensive applications of Green's functions to problems of mathe- 
matical physics have been made by Picard,^ Hilbert, Mason, Plemelj, 
Boggio,* Lauricolla,'^ Hadamard,**’ and many other writers. The 
literature on this subject is now very extensive, but a good idea of the 
different problems may be derived from the articles by Bdcher and 

^ See the papers by Hilbert and Knescr, Math, Ann.^ Bd. 68. Many examples of 
Green's fun^lons are given in these papers, and also in a vrotk by A. Myller. J)hs, 
(fottingen, 1906. 

* Trans, Am$r, Math, Boe,, 7, 1906, p. ^87. 

’ Lionville's Journal, scr. 4, 1890, p. 148, aer. 6, 1906, p» 129 ; Send, Palermo, 
i i)(>ri and 1909 ; Jnnales do VJicoh MrmaUi 2908. 

* /tend, TAncel, 1907,p. 248. 

• Annali di Matemoim, 1907, ser. 3, t. A4, p. 148 ; Rend^ Lincei, 1908. 

• Mt moires de V Institute 1909. 
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V. 

Somoierfeld in the^* dei* Wissonschaflen ’ 

and Mason's Kewhavea^Mathomaiicti^ Colloquium. 

The probieBp^df d^rmitoation of periodic sbltitiohs of differentidl 
equations is also rdduoible to tho solution of an^lnto^al equation and 
lias been disQUS^ by Mssbn,* lialesoo,* A. Myller,® and others. 

9. Fredholm's Method. 


Tho beautiful roseardhos of Fredholm* and Hilbert'' on the integral 
equation of .the second kind have opened out a wide field of research 
\vhich now Occupies the attention of a great number of mathematicians. 
TJic Paris Academy recognised the value of Fredholm’s contributions to 
bcience by awarding him the Poncelet prize hi 1908. 

In Fredholm’s method the integral equation 


k{s,t) = K(6,0 - A|-^(s,cr)K(r,^)rf.r 


satisfied by the solving function is neated as the limit of a system* of 
linear equations.^ The ordinary solution of such a system as the ratio 
of two determinants now takes the form ^ 

where D(\; s,<), D(A) are tlie Intcijral fiiiiclions of \ defined by the 
equations 

. b lb 

n t I 

b I b 

ll O H 

and is used to d<mote the determinant - 

\y\t y 2 ' • yn/ 

I <'(*1. vi) '‘(^2. y\) 

‘■(a'l, y*) ^(j-2, !/i) • • •'(a-., yj) I 

I 

*‘(^'11 y ») . • • • • y .) 1 


‘ Liottville^a Joumal^VdOi] Tram Amir. Math. Soc.^ 6, 1906, p. 169. 

> Q)mpt€9 1907. * Ihvd., 1907, p. 790. 

* C. R. 8tockbolm» 1900, vol. Ivii. p 39 ; Comptes rendm (Paris), 1002, 

pp 219, 1601 ; Aeta MaiK vol. xxvii., 1903. Fredholm has recently issued a short 
report on the developmeiit and present state of the theoij of integral equations 
{Compte rmdai Stt Cmgr^s des MathematicUns Una d StoMotm^ 190^). I live not 
}et had the opportunity of consulting this. ^ . 

® Gbtt^ JWr«*AfMfen,1904, Hefte Uiii.; 1906, Hefte The metlwW A\as 

described by Hilbert litkftaicitLr and in lectures at (Gottingen, His work 

IS quite iiidependtehtdt of Fredholm. ’ , ^ 

• Thiw^ method 0 &hf 0 atnient is carried out in de^ Hllbett, 6lee aUo FJemol], 

MonaUhefte fiir ^ the, fundamental wtea was also* used by Volten.i, 

liend. Liiicei^ 1884. ^ ' 

^ The relation between^S SpktUon and ihe one obtain^ by Neumann's methu d 
is iliscussed by Kellofirtir tOOU. iVaeAr.! 1902), Plemolj ana Poiucsrt (Aita Maih , 
1909). 
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of tho series 


\Vhen.K(s,i) is ia' jbbunded ^ v-. . .. , 

nniy be cslo,biij3^^..'by meOf^s 

lladamard^f^liich stilus that if ‘A, "A denote .two ^^teymiiiants 

.whoi^. constituents «,*, %*ar0 conjugato*complei quantities such 

iihat |a^ j thefi 

■ -vfr j ■ -A A -« /i®" ■ , ^ 

If conitittLEnto are all real the maxitnuiav^aoc^ ^e'ilejii^^nant 
when ^Vi «:'l;OCout%'when tho qQaQtitiosa;«.Et<o>^e 


&atnx. . 


■ - , 


TKfe Oft^^t^vhich k{s,i) becomes infinito for s^t like 

been -boiisideretl by Fredholm, nilberb, Korn,^ Lalescq,^ QoursjS/.- and 
Poinoar^/'* Fredholm shows that the integral equation 

b 

/(«) == ^^(«) - x|i(s, «)¥'(/)(?< 



l{{i{ 9^! "S replaced by 
extended by Poincare and Lalosco to the case in which a >; J[. VInstead 
of deriymg D(\) from Predhohn’s expansion K/'i " ^ 


: P'(Aj= _ 

D(^) 


rt A 

b 

— /\""*|K’„(s,s)f?S 


'■' 0 ' 


a fatictioRcD(-\) is used such that is equivalent to thd/jahoy^. €&- 

pansioh i^h<^n.a suitable number ol terms have been bniitt^^^iE^'ne'w 
represienilation of K(s,t) is ol tho form ; 

D(\) 

The j;^se in which the kernel is such that 

b 

:L(s,tudt 


exists 




^ 

liave been 

(G 0 tt in gen. ' "^,4-05) ; ■ IWilrtwger 
I*. 15S); Ffc 

Cinnptes ' ' 

* Ann. d& Tonlouie, 1908. ■ 

* Hcnd. Lined, 1907, 2ad sem/p. 604, 


ij4^r 


.* '-S'.' '.’'it'.'. 


. i'piwfrf 
SterjSemester 
firjTyql- xvili., 

. 83i pp. 67-86. 
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Plemelj; 
mtegr ' 
for thi 
the“Q3(ti 

IS at 
The netful 
Tciave aa 



. the oidei of the 
as an oxpiessioii 
. o^terminant 

, - -- 

'■ ^ Wf(5, iy i$ not bounded 

oondi^bn that the deternuttant P(^) should 


’■0 0 


W > 1. 


If X 18 not a i^oot of D(\) 5=i 0 the two idjoint int( gial equations 


/(s) = ^(s)- \|k(i,/)/{<)rf« 

(1(0 - \(0 - ^|x(s)-(s O'h 


are solved upiquel} tin foimulp 


^‘(s)=yw + 'Jiv(s, /)/(/>/< 


x(0 = £/(0 + '|'/(')Iv(s,/)(/s, 
and we have the lecipiocil louimh 


f/(')x('W =[/w,(s)<^ 

dUo ' = |k(s,o / (0 

It should be iSoticcd that the sohiug functions for two adjoint integral 
'equaitpiifiax^ the same and then deteiminanis are also the The 

deteminante are also the same for the functions ^ 
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wlnloif two functions h{s,t) are coniuctod hy rpliiion i' lli * 

* b b 

o a 

and uo coutinuotjd functions exist such that 

b ‘ b 

|a{a?)/(a?,/)(?J’ s= 0 |/(5,ir)/3(^)da: = 0 

a a 

then the determinants for the two kernels A;(6,/), /z(.9,/) have the same 
roots. 

If A„ is a root of the detenuinantal equation D(/\)=0, then the lionio- 
geneoiis equations 

b 

fnii) = X»J^{S, f) 

a 

t 

xM = •‘{•'Ah 

a 

cm ba safcisfiod by contlnnoii^ fiiucfciozis ;^,(/) which are not 

it/eo^/ca//y j^eiv. 

Conversely, if one of t/iese e<|uations c in he satisfied by a continuous 
function, then is a root ^ of the det-n’ininant D(A) and it follows that 
the other equation also possc'ssts «i solution. 

The roots of the determinant 1)(\) = 0 are called the roots (Eigenwertf‘) 
of the kernel ^(s,^) and the airj^K'gatc of these roots the spectrum of th(3 
kernel for the inteual {a, h). 

The functions or sets of functions Xw( 0 which satisfy the homo- 
geneous equation are call(‘d tlm associated with tlie 

root An. IF 

f 

a 

XV 0 can say that 0„{.s) is adjoint to x»(«)- 

When the kei nel is a mmetric function of s and t the functions ^,,( 5 ), 
X„(«) become the same and form an orthogonal system of functions wh'cn. 
the ditfei;ent values of X„ are considered. They may then be called 
normal functions of the integral equation, the German equivalent being 
Eigenfwiktion, 

If \„ is a simple root of D(x) = 0, the only solutions of the abox^e 
equations are constant multiples of x«(0» the solving function 
has the form 

'K{s,t) = + F(s,f) 

A„ A 

x\]ie>*e F(s,7) is finite for X » 

‘ 1 heso iheoreme are due to Fredholm. A Hieje proof oiR, the last result lias 
l)»*rn given recently by Sorrel, BttlL Apicf, UM. Sfid , vol. xv. (1909), p. 440. Further 
pKippities of the homogeneous equation are given in a paper by Safmr Math, A nn 
I ill (>7 (l‘tOM). p sort 
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rt follows fi »ni this result that a solution of the equation 

becomes intinite wb^n A » Unless 

[/(<)<,(«)<!« »0. 

rt 

If this ooudition is satisfied the equation possesses a finite solution 
when X = A„, but this solution is not unique since any constant multiple 
of may be added to it. Plemelj * has obtained an expression for 
tlie principal part of the solving function in the vicinity of a value of X, 
which is a multiple root of tlie determinant. The most important case 
is when the roots are all simple poles of K(s.O, for then K( 5 ,i) has 
the form 

K(s,/) = , \ 2v,r;,\r(0 + 

A„ —Am 


and the functions V"‘(0 satisfy the equation 

n n 


j*)."" (s)(Js 


\ — G m zfi r 
I =Z I ;7i = r. 


Xi{ 0 functions associated with two dilTerent root! X^, 

we have 

h 

Jf rt 


The roots of tho dotermiiiaiit J)(v) = 0 are all real, and are simple 
poles of the solving function, hen k(%i) is a H^inmetric function* of 
s and t, and also ^ when a definite function can be found, «so that 

I 

<1 

is a symmetric function of s and t. The integral equations derived from 
the two potential problems belong to the second class. It should bo 
noticed that homogeneous integral equation of this class can be 
replaced by a homogeneous integral equation of the first kind 


' Mminttikefte f4r Matht ia Physikt 1904. Other methods of obtaining Uie same 
result are given by M6rcor» Camh, PHI, TraAs.^ vol. xxi., pp. 129<-142, and A. C. 
Dixon, ibid,, vol. xU., part 2« p. 203 \ Proe, Loud. Math, Soc,, ser. 2| vol. vii., p. 311. 
See aljjo iiapcrs by Uryon Heywood (Liouville's Jvuvmh X908) and Ooursat {Timhnne 
Ann, 1908). In obtaining bis canonical form Plemelj introduces th^idea of an 
integral congruence. This theory has been fvrther developed by lAndDberg {Math. 
Ann , 1910, Bd. Ixfifr. p, 227), , ' . 

^ Hilbert and Plemelj. A pltnple proolf Of this result is given by T. Boggio, 
Compter rend^ts 

* Mm. of Math. (1908), p. 8. See also J, Marty, Compten rendn$ (Parib), Feb. ‘^8 
and April 26 (1910) ; Mrs. Pell, Biai. Amer. Math Soe . vol. xvi , July (1910). 
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• * . . 
witli Jewels ?(«,<), 

IT ijje k«^id is symmetric or l)elob^ to'fhe class just mentioned, li 
cau be sho«^ that there i8«1at least root o{^ ihc determinanl 
D(X)tasO, and ^nseqneni^y at'leaet one' Sedation of the homogeneous 
equations. Also if the equation 


|»(s,0/3(t)df = 0, |n{s)i.(s,t)d« s= 0,* 

<1 

only iiossess a finite number of linearly independent solutions, there aio 
geneially an infinite numbei of loots of the deteiiniimnt D(X) = 0. 

If the kernel a(s,/) iq a s}inmetiic function of s and t the abo\e 
tbeoiems can he pro\ed in a simple i) l)\ considering the oneig} 
function of the inlegial ofiuation 

I 

/(s)=(h(s) — \j, 

This function n{\) is defined hj the equation 

I 

ft 

and is such that 


It follom from tins equation tliat X?f(\) increases continually with X. 
It geneially becomes infinite at a \alue A,, winch is a root of tlie 
determkiant D(X), an exception aiising uhen the^functioii ^(s) does not 
become infinite theie. Jt should be noticed that although ^(s) is 
indeterminate as lai as the addition of an arbitrary mi^ltiple pr the 
function f^{s) conesponding to the loot A„ is concerned, tt’(A) has a 
unique value on account of the equation*^ 

h 


which express the conditions that f^{s) is finite, 
may be used for the following purposes 
1® To find limits for ^ 

t h 


JI* 


* 


’ 4 "- 


Ilhfi energy function 
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and coQsldd): t i 

If \o determinant of this equation it follows that u{s) 

is the value for X = X^, and so from the definition of K the energy 
function \ti;(\) associated with this equation vanishes for X = X^. But 
it also vanishes for X sOand increases continually with X, hence there is 
at least oiie'inilue between 0 and X for which w;(X) and consequently f{s) 
becomes infinitCi If X.. and X^ aic the nuineiically smallest negative 
and positive roots d D{X) we must have tlic inequalities 

1 1 1 


This givod limits for the double lutcgi .il and reduces to a theorem of 
Hilbert’s in the case when i(s,/) is a delinito function and the roots of 
D(a) consequently all positive The tlicoieiu then takes the foim of a 
problem in the calculus of \aiiations of dcteinmnng the maximum value 
of a double integral, the maximum value being pio\idcd by a function 
winch satisfies the homogeneous integi il equation. 

It IS clear that another pan of loots may be used in the inequality 
instead of X^ and X^,if it is known that «(s) and consequently /{$) 
satisfies the conditions oi type 

f 

|n(s)/.„(s)d4 — 0, 

a 

which make finite for \ = \ _ and X =. X ^ ^ ^ 

The above derivation ot inequalihos foi the double integral establishes 
.he existence of at least one root of tlio detciminant D(Ajr The exist- 
incc thooreiu^ia proved hf Schmidt and Knescr by showing that the 

series for ^ radius of convergence. Schmidt also gives 

i method of obtaiidiig a solution of the homogeneous integral equation 
ly a limiting prooees^ his pioof being modelled on a classical one due to 
:3chwaia*f. « 

llill^rt mujA Sohmidt have given a thcoifqpi that if 

or all tli$ 

fM * « 0 
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for the different values of X,„ being a syiniTiutric function, tlioi. 

h 

^(s) = — 0. 

a 

This theorem imy be. proved by reasoning with the double integral 


V U V 


in the same way as was done with the double integral ^vith k[s,i) aa 
kernel instead of It is clear from the supposition made with 

regard to a(s), that if 


/(s) = a(5) — X„|K-2(s,0rc(0^i^ 


where 


0 = [[«(s)]=fZs - A..[[^(^)] V6' 

f " #1 

then the energy function of the integral equation 

b 

/(s) = v,(s) - 


never becomes infinite. But vnnishcH wlwii A = 0 and A and 

incre?jses continually with X. iloncc we come to a contradiction unless 
v}/(s)= 0. The theorem is proved in another way by Schmidt. 

It follows from this tlieoroni that if no continuous function a(t) 
exists for which 

b 

|K(s,«)ci(i)di = 0, 

’* (I 

then there must be an infinite number of functions and consequently 
an infinite nuAber of roots X,, of the determinant D(X). This is cer- 
tainly the case, for instance, if K{s,t) is a definite function. These 
theorems are dtic to Hilbert. 

An analogous set of theorems hold for the integral equation of the 
first kind ^ 


f(s)=^[g(s,t) -\h{s,t)]ii.(t)dt, . . , (1) 

where g{s,t) is definite and h{s,t) symmetrical * . 

The energy function is defined as before hy the equation 

Most of the properties belong to the integral equation of the second kind 
from which the homogeneous equation of type (1) is derived. 

' Mifst. Math. 
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TIk' propoitic, if tJic orthogonal systom of functions associ.itcd wnh 
nil integral equal in of tlio second kind with symnietiical kernel me 
eonsiileivd very i illy hy Kohinidt. IIo shows how a complete set ol 
oilhngdiial fiinctiDns for tho integral equation may bo constructed, and 
ol)Ljiiris tbci impoi tant cxp«aiision ^ 

b 

Ho) =/(s) + 

a 

for the solution of the equation 

b 

f{s) t= ^(.v) — 

• « 

It is easy to derive from this exiiansion the conditions that a solution 
may remain finite in the vicinity of a root A,,. 

Schmidt has defined normal functions for an unsynimetrical kernel 
k(Syt) hy means of the equations 

0»(s) =J'-(s,0x»(0^<. 

b 

X .'(0 = 

and has obtained many theorems wliich are analogous to those proved 
for symmetrical kernels ; for instance^ tho roots A are all positive and 
ther(3 is an expansion theorem. The fiiiiction.s are respectively 

normal functions of the symmetric kernels of positive type, 

6 . 

There are a number of interesting cases in which the solving 
function and determinant for one kernel may he derived from those of 
another. Bryon Hoy wood aiad Goursat sho^v that if 



K{s,t) = 


where 




J<,(s,a;)*:2(ar,f)f7a; = 


tlien 

" 

- 

and 

D(,\) = 

= D,{X)D2(A), 


K(s,0 == Ki(s,0 -f K. (s,^). 


This result is important in tho discussion of the principal part of the 
solving function in the vicinity of a multiple root. 

It has been shown by tho author and by E. Schmidt, that when 

the solving function and determinant of may be calculated by means 
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of those belonging to h{s,t). The case in which h{g,t) — 0 has i)ot>n 
worked out by Goursat * and has been extended to infinite values of n 
by LobeRgue.* 

In one interesting case the result can be expressed in a very concise 
form. If in fredholm’s notation 

/$ $1 82 • » « ^/A 

g{s,t) = 


A{\) 


^ 2 • • • ^m\ 
VI ^2 • • • W 

id the determin 
/S S, 52 . . . 5„\ 

‘ tj 

.X 

. . . S,\ 

V/, <2 . . . i,J 


then the solving function G(5,f) and the determinant A(A) for the kernel 
g{s, t) are giver by the formuUo 


G(s,/) = 


an 


The function D(\)K ‘ = D^X ; * ‘ * is call(‘d 

minor of the determinant D(/\) and is of gieal iniporlance in the 
study of inulti])le roots of the dt'teiniinant. 

Jf we apply the formula 


f 


K(s,s)d,?= — 


D'(\) 

D(\) 


to the function G (?,/) we obtain the important formula 

a 

The function D (> ; is, of course, identical with D (K ; s,t) 
occurring in ITredholm’s formula 

Kfj r\ _ s>0 

^ D(v) * 

When X aa is a multiple root of the determinant D (X), it is a minor of 
type 

TllX ' *»*<i®* • • • *>«i 

V . . tJ 

which is a solution of the homogeneous integral equation, but the order 
m of the minor is n6t necessanly equal to the raaltiplici^ of tlio root. 
The properties of tk»se minors are folly worked gut by Fredholm aiui 
* ’ 'f the solvifig function has a polo of Older 


Plemelj. Tho latter shows that if 

' Hull, de la 8oe, Math, At Framt, 1907. 


IbiA., 1908. 
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i at tho point \ == and this i*oot is of multiplicity p, then we have 
the inequalities 

n < — (j — 1) <p 

^ i >> 1 ^ 

The solving function is thus certainly infinite for X = X„. 

For further projpcrtics of the determifiants and the solutions of tlie 
homogeneous equations, tho reader is referred to the papers of Fredholm, 
Plcmolj, Bryon Heywood, Goursat, Mercer and Dixon, and the following 
books, Kowalewski’s ‘ Determinants,* Horn's ‘ Partial Differential 
Equations.* . .. . 

Fredholm has invented an ingenious device by means of which a 
system of integral equations 

/r(s) = 1>r(s) — \ a (/ = 1, 2 . . Il) 

VI = I 

may be replaced by a single integral equation. 

We define 

/(«) — r + J) r — 1 ' s "" r 

= 0 ,.(^ - r + 1 ) r - 1 ' t r 

i.(s,t) = (5 — r -f 1 , f - 7 /i + 1 ) I ... ^ 

The system of equations may then Ije written in tho form 

h 

f{s) = f{s) — 

<1 

A similar artifice may be applied to a system of integral equations of the 
first kind. • 

The theory of systems of integral equations and C(iuations in wdiich 
there is more than one unknown function lias been developed by 
Oauchy,* Murphy,* Voltcrra,* A. C. Dixon,* Bounitzky,'* and Cotton.*^ 
The latter considers a system of integral equations in connection with a 
system of linear differential equations of the first order; while Bounitzky 
develops the theory of Green’s functions for systems of differential 
equations. 

Fredholm’s method can easily be extended to integral equations 
involving surface and volume integrals. It is convenient to adopt 
Plomelj’s notation and write /{p) tor a function of the parametei*s 
specifying the position of a point P. The whole of the present work then 
applies without much modification. It is, however, important to notice 
that in two dimensional problems, kernels which become infinite, like 

arc cortainlv admissible as the iterated kernel is bounded. Also in three 
dimonsiohal problenis a kernel which becomes infinite like 

‘ Memoifie iUf la tMorie deu QndeB, 1815. 

» CavilrVPhih 1853, Vols. iv. and v. ; * Annali di 1807. 

« vol. XIX., part 2, p.. 203. . 

^ DwrhoMM'z JSulL, 1907 31 $ Lioavilla^s Jomnaly 1009, t. 3. 

« Bull, dc la Soc. Math; deJ^amef 1910, t. 38, fa»c. 1-2. 
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iix-x'Y + (iT- yf + {z-zr\^ 

c<ati be used as an iterated kernel is bounded. 


Additiomd Beau Its. 

VoUerra’s integral equation may be deduced from that of Fredholm 
by wrifcitig 

= 0 t>s, (Fredholm) 

In the case o" Hilbert’s kernel 

k(.s, 1) = s(l t) <t 

1(1— s) t<s 

the r(.)ots are (■2'r)‘-\ (3^)-, and the normal functions 

\/2 sin (wtts). 

If r(.r) is continuous in the interval {a,h) and does not vanish, tlie 
solving function for the kernel 

G(j-.() -= K(.r,0. A 

' r(t) ^ ’ (Goursat) 

An integral equation with a kernel of forjn r(.r)rf{.T,t) where is 

symmetric can 1)0 !•educed to tlie symmetric form by multinlyijiir 
tiiroughout by 


v/; 


'!/(0 

ai^) 


(Schmidt and Goursat) 


If K{s,t) = — the roots are all 2)urely imaginary quantities, but 
there are at least two. 


10. The Applications of Fredholnis Method to Potential Problems. 

The theory of tlie boundary pioblems of potential theory from the 
point of vie\v of Fredholm’s work has be^ n worked out very fully by 
Fredholm, Hilbert, Kellogg,' Andrae,-Plemelj,'* Picard,^ and Launcella.'’ 
Plemelj’s papers contain almost an exhaustive discussion of the 
problems. We have seen that the theory depends upon the properties 
of the two adjoint integral equations 

/(«) = fi{t) — X^fi{s)h(s,f)ds 
f{t) — (>{t) — x|a(<,s), ,(«)(?«, 

' Dissertation Gottingen^ 1902 ; Math. Ann.^ 1903, U<1. Iviii. ; 1904, Rd. lx. 

* Dissertation Gottingen^ 1903. 

* Monatsheftfi JUr Math, in PUgs.^ 1901 and 1906. 

^ PaUrmOy 1906. Sec ai.so Comptes renduSy I90o-08. 

■' Jl yuvvo Cimento, 1907, ser. 6, vol. xiii. 
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iVi'l tlie (iisciisiioii of tlios3 depjiuls upon tin propoi’tios that 

== 1 

for a regular point of the boundary, and that the kern ;1 

is a sfjmntcttHc function of (t and r wliile f/(s',r) is (lajlnile. 

The first result intlicates that tlie hoiiif)genu(jus iuti-gral e([uatitjn 

= . ( 1 ) 

in.iy l)e satisfuid for \ = 1 by \1{ h ) — 1, hnnv. the equation for />(/) or 
tlie internal hydrodynaniical problem doss nol possess a finite solution 
unless 

= 0 . 

It follows also that the homogeneous cfjUation 

V'C') = .... (-J) 

itlsO possesses :l solution, and so tlie c<]ua(inii for //(/) or tlie external 
electrostatic problem docs not possess a solution unle.-vs a condition of 
the type 



is satisfied. 

Ft may bo slioWn by use of a tlicornn rivaling to the behaviour of 
tlie normal derivative of tiie pottuitial of a douhle layer ‘ that lh(‘ 
liomogeneous integral e(juali'»ns do not i 3 ti^.s<‘ss solutions for fhe 
\ = — 1 if the Ijoundary eonsists of a single elos(‘d surface. This 
proves that tlie integral ecpiations ])oss(iss unhpio solutions for the case 
A = — 1, and so the internal ])r()blem of Dirichlet and tlie external 
liydrodynamical problems possess uni(|Ue solulioiis. 

riernelj and Lauricella have shown that the funda, mental prohhan 
of electrostatics of determining a poteiilial of a simple layer which is 
such that it is constant over tlie boundary and 

^(^)ds = M 

lias a given valuC; is solved by means of the function o(.s) ; for the 
function 

= 4'(^) 

* (Careful rxnmlntUions of tliu 'question have bron ^‘ivn by ricnicJj and 
Eiiiiricellii. A simplified exposition duo to IX'irboux is gi\eri in iVAdbrniaiV bouk 
Litiuation da I'rcdholm ct fes jfToblhacs dc Dirirhlct et dv Arauunia^ I:iUI) (I’niS''). 

eo 
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satisfies the equation 


>p(r) = llff(s,r)A(s,l)^(i)dsdl 

= llA(s,r)ff(s,l)i/^(l)ds'd^ 
on account of the symmetry of k(r,f) 


and so 




Hence since it can be shown that X = 1 is only a simple root for the 
integral equation the function \l^(s) must be a constant, and so the 
potential of a simple layer having ^(s) as density is constant over tho 
boundary. 

Enurloella and Picard have also considered the problem of deter- 
mining a potential of a double layer which shall coincide with a 

S otentiai of a simple layer in one of the regions of space. The problem 
spends on a double application of the preceding problems and provides 
a method of solving a type of integral equation of the first kind. 

Flemelj has shown further how one can proceed to determine the 
Green’s function, and he introduces a more general type of Green’s 
function and discusses its properties. 

Plemelj’s discussion of the potential problems is not confined to a 
single closed surface ; he considers a boundary consisting of a number 
of closed surfaces, some of which surround a number of others. In the 
general case both \ = — 1 and X = + 1 are roots of tho kernel h(s,t)i 
and are in fact multiple roots. It follows however from the symmetry 
of k(s,0 ^hat the solving function has only simple poles which are all 
real. The theory is considerably simplified by this circumstance. The 
solutions of the homogeneous equation analogous to (2) provide the 
densities of potential functions which are constant over one surface and 
zero over all the others. 

• Flemelj has also applied the theory *to more general electrostatic 
problems m which surfaces of discontinuity of the potential are con- 
sidered. 

The modifications introduced into the discussion of the problems 
when the boundary has comers or conical points are considered by 
Kellogg. He shows that in the case of a curve with a sharp angle oi at 


sin w 


« < 0 
« >0 

« > 0 


^ 2si Law + J < 0 


vrhera £ij(s,0 ^.(*>0 s Tho case of a cusp is 

exceptional. 

For such a kernel h(t,s) the seHes D(X ; g,t) and D(\) in Fred- 
holm’s theory are meaning'less since becomes infinite to too 

high an order. This is certainly the case, for instance, when w is a right 
angle. 
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11. Orthogonal and Biorthogonal Systems of Functions. 

A sot of functions y^n{s) is said to form an orthogonal system belonging 
to the interval {a 5 5 5 ft) when the relations 

a 

are satisfied for the different integral values of the suffixes m,n. The 
system is said to bo closed relative to a field of functions M when no 
function belonging to this field exists such that ^ 

b 

{/(s)W»)* = 0 

or all the values of n. 

Particular systems of orthogonal functions are the trigonometrical 
functions cos ns, sin ns (Olairaut, Euler, Lagrange, Fourier) and 
Legendre’s polynomials Pn(/^)« Jacobi indicated the importance of 
orthogonal functions in mechanical integration, and the study of these 
functions was taken up by Murphy.^ 

Murphy introduced the idea of biorthogonal systems of functions, i.e., 
systems of functions Xn(^) which arc connected by the equations 

a 

he called and Xni{s) reciprocal functions. It is more convenient now 
to call them adjoint Unctions, as they are generally solutions of pairs of 
adjoint integifal equations or adjoint differential equations. 

A biorthogonal system of functions may bo constructed from an 
orthogonal system by writing 

0m(s) == 

= 2 a„„Xnt(s) 

where = 0 if > w (Murphy). 

An orthogonal system of functions for an interval (a,b) is not unique 
for we may derive a new set from a given one by an orthogonal substi- 
tution (change of rectangular axes) 

where 

** 0 2Z,„h == 1 

n n 

or by writing 

a 

b 

MO ^ 

a 

* CamJ^. Phil. Trans., 1833, vols. iv.-v. 


c c 2 
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for then 


A metliod of deriving a large class of orthogonal and hiorthogonal 
systems of functions from a single integral equation has l)oen giv(‘n by 
the author.^ 

J. P. Gram ^ and E. Schmidt ® have given a metliod of constructing 
an ortho^;onal system of functions from a linearly independent set of 
function! It is assumed that 

"1“ 

Ms) = KMs) + ^8j«8(s) + KMs) 

and the constants are chosen so that the functions Ms) an 
orthogonal system. 

It has already been noticed that orthogonal and hiorthogonal systems 
of functions occur as the solutions of linear dififcrential and integral 
equations ; they also occur in certain problems of the calculus of variations, 
for instance, the problem of finding sets of functions Ms) so that * 

n n 

may be a minimum (Schmidt). 

The best known examples of orthogonal sets of functions are the 
following : — 

4 

gl—h • 

j ^ then the functions \p„(s) are orthogonal for tho 

interval OfS^l (Abel * and Murphy 


denotes the polynomial of Ijaguerre,® tho functions 
form an orthogonal system for the interval (o 5 s < 00). 


denotes tho polynomial introduced byTschebyscheff^ and Hermite," the 
functions 




i/2ir . Vn! 


Crelle'8 Journal, Bd. xciv. 


’ Camh. Phil. Ttans.,\o\ xx. (1007), p. 281. s 
» Dmertathn. Gottingen, 1005; Math, Ann,, 1907. 

* .Vi’/wM/m par N. H. Abel (Paris, 18‘>61 on 7Q 

Camhr. Phil. Trans, 183S. 

« r/Jam,, t. I p. 42S ’ St. Petenhnrg Memoirf, 1860. 

Comptn rendiis, 1864, t. .5S, pp. 93, 266. 
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form an orthogonal system for the interval (— The poly- 
nomials of lleriiiite and Laguerre have been studied in connection with 
integral equations by Wera Lobcdefi * and Weyl.-* Ilermite's poly- 
nomials occur in solutions of the equation of the conduction of lieat and 
also in solutions of the equation of the parabolic cylinder. Various 
definite integral representations of them have been obtained by 
Whittaker* and Watson.'* 

Another class of normal functions, called by K. Pearson the w-func- 
tions, can be derived from the equation of the conduction of heat ; they 
occur in the theory of statistics. The expansions in series of w-functions 
have been discussed by B. Cunningham.® 

In addition to the orthogonal functions mentioned above, there are 
the trigonometrical functions sin where the quantities o* satisfy a 
transcendental equatiftn,® the Bessel’s functions (o^) under like 
conditions, and functions such as the Legendre polynomial, spherical 
harmonics, the functions associated with the equation of the elliptic 
cylinder, and Lamp’s functions. Also there are functions such as 

Va? 

which form an orthogonal system for the unlimited interval (— oo, oo). 


12. Expmisions in Series of Orthogonal Functions, 

When a function f{x) can be expanded in a series of the typo 

f{x) = (1) 

which is Uniformly convergent in the interval for which the orthogonal 
functions are defined, then the coeflicients may bo determined by the 
so-called Fourier’s rule 

h 

( 2 ) 

a 

and similarly for expansions in series of functions belonging to 
biorthogonal system. 

The Fourier’s constants a„ may often be used to specify a function 
f{x) even when the series for f{x) is not convergent, and there is a 
remarkable theorem due to do la Vall6e Poussin and Liapounoff for 
Fourier’s series, which enables us to express the integral of the product 
of two functions /(a?), g{x) in terms of their Fourier’s constants. The 
formula is 

I f{x)g{x)dx = S 

* Llmrtation, OUtingen^ 1906 ; Math, Bd. Ixiv , p. 400; 

* Biiiertation Gottingen^ 1908. 

* Proe, Land, Math, Soe.f vol. zxzv. (1903), p. 417. * Ibid.^ 1910, vol. viii. 

* Proo. Boy, Soe, A,, vol. Ixxxi. (1908), p. 310. 

® Various expansions of this type are considered by A. Stephenson, Mess, of 
Math,t p. 1 (1903), April (1904), and^ the author, Camb, Phil, Trans.^\o\, xx.,p. 281. 
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aud in particular 

b 

|[/(a;)]*da: = 2a,*. 

a 

Eiesz' has shown that this theorem holds if f{x) and [f{x)]^ are 
summable or integrablo in the interval {a,b) and the system of ortho- 
gonal functions is complete. The converse theorem is also true. 
If converges, then a function f{x) which is summable and whoso 

square is also summable, exists such that the integral equation (2) is 
satisfied. This theorem has been proved by Eiesz,^ Fischer,* Hellinger,^ 
and Weyl,^ and forms the basis of the method by which Picard * has 
obtained necessary and sufficient conditions that -the integral equation 

/{x) =s 


may possess a solution 0(/) which is summable and whose square is also 
summable in the interval (a,Z)). 

In the treatment of series of orthogonal functions the following 
identity which Schmidt attributes to Bessel ® is of fundamental import- 
ance : — 

b 

a a 

b b 

a a 

This gives rise to the inequality 

b b 

a a 

which reduces to Schwarz’s inequality when w = 1. 


13. Expansions in Series of Orthogonal Functions connected with a 
Linear Differential or Integral Equation. 

The theory of these expansions now forms quite a large branch of 
mathematics, as will be seen from Burkhardt’s excellent report on expan- 
sion in series of oscillating functions. Since the appearance of this work 

* Comptes rend^is, 1907 ; O’dttinger Naehrichfen, 1907. 

“ CttmpteB rendast 1907. * Mibertation Odtiingen^ 1907# 

* Math. A?m., Bd. Ixxix., 1909. 

* Comptes rendvs, 1909, t. 148 ; Rend, Palermo^ 1909. 

* A^tr. Nach.t 1828, vol. vi., p. 333. BOcher points out that Bessel considers 
sums instead of integrals, aud refers to Plan, Comptet rvudns^ 1867, vol. xliv., 
p. 985. 
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now ground has Ix^cn broken by Dixon,* Kneser,® Stekloff,-"* Hilbert,* 
Schmidt,'"’ Mason,**’ Hobson,^ and Filon.** 

In Hilbert’s expansion theorem a function which can be expressed in 
the form 

b 

f(x) = (1) 


where G(a;,^) is a symmetrical kernel and ^(t) a contimmis function, can 
be expanded in an absolutely and uniformly convergent series of the form 

/(«)=» 2 

Hal 

where the functions %{x) are a complete system of orthogonal functions 
derived from the kernel G{x,t). By taking G(a;,^) as the Green’s function 
of a linear differential equation the expansion theorem for series of 
solutions of the differential equation is obtained, and the condition (1) 
may bo usually replaced by the condition that f{x) possesses a continuous 
second derivative and satisfies the boundary conditions. 

By means of this theorem all the known expansion theorems — e.#/., in 
series of Bessel, Sturm, Legendre and Lame’s functions and also those 
discussed by Poincar^ — the normal functions of the differential equation 


dH 9 % , 

9 ^ dy^ dz^ 


Xw = 0 


investigated by Le Boy, Stekloff, Zaremba, Korn, and others, are made to 
depend upon the properties of an integral equation of the typo 

b 

f(^s) = <l>{s) — X^K{Sft)fji[t)dt 

a 

b b 

where J Jws,0]v«£i!< 

a a 

has a finite value. 

A simplified proof of Hilbert’s tlieorcm was given by Schmidt and a 
restriction was removed. Schmidt also extended the theorem by intro- 
ducing two systems of orthogonal functions 0„(s), connected with an 
unsymmetrical kernel. These functions are defined by the equations 

b 

fn(») = 

.a 

b 

^n{P) ~ f^{S$t)d8 


* Broe, London Math, Soc,^ ser, 2, vol. iii. 

^ Math. Ann., vols. Iviii., lx., Ixiii. 

’ Annates de Toulouse, 2nd ser., t. 3 ; Comptes rendus, April 8, 1007. 
^ Oottinger Naolirickten, 1901. 

* Dissertation Gottingen, 1905 ; Math. Ann., 1907, vol. Ixiii. 

* Trans. Amer. Math, Soo.y 1907, vol. viil., p. 427. 

^ Proc. London Math. Soo., ser. 2, vol. vi., p. 319 (1908). 

« IMd., ser. 2, vol. iv., p. 396 (1906). 
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and arc evidently the orthogonal functions derived from the symmetrical 
kernels 

h 

G{SyX) = \^K{s,i)K{x,t)dt 

a 

b 

11(6*, ir) = ^K{z,s)K{z,x)dz 

The roots are all positive since G{s,x), H(s,a7) are kernels of 
'positive type, and are the same for both G(5,a?) and H(s,a;). These 
orthogonal functions 0„(s), are used by Picard in finding the con- 
ditions that the equation 

h 

fix) as 

a 

may be soluble, and many other theorems connected with an integral 
equation of the first kind may be expressed in terms of them. 

Hilbert’s expansion theorem does not, however, apply to the important 
case in which the function f{x) has singularities or is discontinuous. 
The vrork of Dixon, Kneser, and Hobson remedies this deficiency. 
Kneser considers series of the Sturm-Liouville typo, and removes the 
restrictions imposed by Btckloff and Hilbert, that the function be con- 
tinuous with its first and second derivatives, and satisfy the same boun- 
dary conditions as the normal functions.^ Hobson has carried the theory 
a step fwihoi' by introducing Lebcsgiie integrals, and considering the 
case in which the function has singularities. He obtains a very general 
convergence theorem and applies it also to series of Legendre and 
Bessel’s functions. Dixon considers the very important class of harmonic 
expansions of the type 

K(z,t) - S a„i>„(x) ; 

his paper contains many interesting results. 

Eeceiit work on the subject has also been done by Birkhoff^ and 
Mercer.^ 

Dixon and Filon discuss the expansion by means of Cauchy’s theory 
of residues ; the work is interesting, and seems to suggest that Cauchy’s 
method may be of value in the treatment of integral equations if we 
consider contour integrals in which the determinant D(X) appears in the 
denominator. 

Various other expansion theorems connected with integral equations 
have been considered by the author, but for these we must refer to the 
original papers. ‘ 

14. Integral Equations of the First Kind, 

An integral equation of the type 

h 

fix) = .... (1) 

‘ Mjison removes a restriction imposed on the difTerential equation that one of 
the functions sliould ho positive. 

Amcr, Trans., 1908, voj. ix., p. 373, 


3 Phil Tram, A,, 1910^11. 
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in which the limits of integration are fixed has been called by IIill:)erfc ^ 
an integral equation of the first kind. The term * integral equation * is 
due to P. Du Bois Eeymond.^ 

The function K(x,i) is called the kernel {kern, Noyau), but the terms 
miclcus, characteristic function are sometimes used. 

Particular forms of equation (1) were considered by Laplace, Fourier, 
and Abel, but a general theory was first given by Murphy,^ who con- 
sidered the equation in connection with eleotrostatical problems. It 
should be mentioned that some of the problems considered in Green's 
essay (Nottingham 1828) are equivalent to integral equations of the 
first kind. 

It was pointed out by Peacock ^ that the homogeneous equation 

o 

0 = 

a 

may possess an infinite number of solutions, and it was observed by 
Murphy and Liouville that the general solution of (1) may be expressed 
as the sum of a complementary function and a particular integral. 
The integral equation (1) has been studied by Pincherle in connection 
with the theory of distributive operations and by Pincherle,^* Levi Givi ta,^ 
and the author in connection with linear differential equations, 

A useful method of solving the equation is to expand the function 
*^{x,t) in a series of the form 

K{x,i) = '^a„yln{x>)xn{t) 
and the function /(a5)^>(t) in the form 

f{x) = 

where the functions f,, (0>Xw(0 connected by the relations 
6 

= 0 - »» ^ «• 

J =1. m - n. 

This method, which is virtually given by Murphy, has been developed 
in other forms by Dini,® Lauricella,® Picard,^® and the author.*^ Picard 
has made use of a theorem due to Biesz on expansions in series of 
orthogonal functions to obtain an expression for the necessary and 
sufficient conditions that a function f{x) may be capable of being 
expressed in the form^^l). The condition is that a certain series of 
constants derived from the function f{x) should converge. It is 
necessary of course to impose a number of restrictions upon the 
function k(a5,<). 

' 6'6tt%nger NachriMen^ 1904. * Crelle, 1888, vol. ciii., p. 228, 

* Camhr. Phil, Trans.^ 1833, vol. v., pp. 113-148, 316-394. 

* Brit, Assoc, lleport^ 1833. * Acta Jilath., 1887, 

* Acta Math,, 1892 ; Chi-cago Congress^ 1892. ’ Lomh, Itcnd,^ 1895 Toiino At ti, 1 89.5. 

* Ann. Univ, Tosc., 1880, vol. xvii. Dini’s method really applies to an cciuatioii 
of Volterra’s type. 

® Bend, Lined, 1908, p. 193. Bend, Palermo, 1910. 

" Proc, London Math, Soo., 1907, ser. 2, vol. iv., p. 461 j Mess. Math., 1910, p. 129, 
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In some CcTiSOS the equation (1) possesses a unique solution V>(0 of a 
sperliicd type. If 0 U) is continuous, this is the case for instance if the 
double integral 

h h 

^K{xyt)^{x)^(t)dxdt 

aa 

is positive for every continuous function A kernel i:{xd) which is 
synnnetrical and possesses this property is said to bo definilc (Hilbert). 
The same delinition appears to hold if 


h 



exist. 

Wlien tlio solution of an integral equation can be expressed by 
means of a single formula, c.//., 

= \^{t,x)f{x)dx 

this formula is called an inversion formula. A largo number of inver- 
sion formulai for different typos of integrals are known. 

The integral equation (1) and the homogeneous equation (2) may bo 
studied as limiting cases of tho integral equations of the second kind— 

h 

f{x) = (tipix) + 

a 

b 

pd){x) + = 0 

when /t = 0. This method was suggested by Fredholm and has been 
developed by the author.^ 

Many properties of the integral equation are suggested when it is 
considerql as the limit of a system of linear algebraic equations. There 
are indications of this idea in the work of^Fourier and Murphy. Tho 
method was used by Volterra in 1884 and has formed the basis of the 
epoch-nitaking work of Fredholm and Hilbert in tho theory of the 
integral equation of the second kind. At present the most powerful 
method of solving integral equations of the first kind is to express tho 
kornol as a definite integral of a convenient type and solve the equation 
in two steps. The formulae of Fourier, Hankel, and Pincherle and the 
multiplication theorem of section 16 are of fundamental importance in 
this connection. 


15. Canonical Form of an Integral Equation of the First Kind, 
Definite Functions, 

An integral equation of the type 


f{x) =^K{x,t)i.{t)dt 

m 

* Jdess. Math,, April (1910). 
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is reduced to a canonical form by multiplying it by p(,'r)<;(a!,.'5), where p(.r) 
is a positive function and integrating ' between suitable limits a',h'. If 

« 

h{s) = \f{x)p{x)K{XfS)dXi 

a' 

6' 

g{s,t) = jp(a;)*;(a;,s).(a',<)da;, 

the new equation is 

h{s) = ^gis,t)<l>{t)dt. 

The now kernel g{Sft) is a symmetric function of s and t and is such that 
tlie double integral 


is either positive or zero for any arbitrary continuous function \{t), or 
in fact for any summable function whoso square is also suniina))l('. 
Such a kernel is said to bo of positive type,^ A funclioti g{s,t) wliicli is 
such that the double integral is always positive is called a dcjiniti func- 
tion (Hilbert) ; this, of course, is an extension of the idea of a definite 
quadratic form. 

The sum of a definite function and a sot of functions of positive ty]ic 
is clearly a definite function ; this fact and the above method of con- 
structing functions of positive type enable us to form many types of 
definite functions. 

It has been shown l)y the author and l)y J. Meiccr that if «(.r) is a 
real continuous function which is never negative and never decreases as 
X increases from a to t, then tlie function gi^Xyt) defined by thp equation 

s 

g[Xyi) = a(/) 

= «(,r) t"^ h 


is a definite function. From this it follows that if /)(.r) arc con- 
tinuous functions which are never negative, and if ^(.r) increases with x 
and ft{x) at the same time decreases, then the function 

h{Xyt) = P{t)y{x) x'^'t 

* /3{ir)y{t) x^t 

is definite.® The functions )3(^), y{t) may vanish at the upper and lower 
limit respectively. 


* If is only known for a counUible set of values of of, we must sum instead of 
integrating. If, however, Lebesgue integrals are used the distinction is unncee.sSMry. 

- This nomenclature is duo to Meroer, Phil. Prans, A.y vol. ceix., pp. 115-110. 

* The conditions arc satislied for Hilbert's function 

a (1 -t) x<^t 
t (1 -- a?) 


h («j, t) 3= 
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The case in which li{x) and y{x) are solutions of a differential 
equation is of special interest, for then h{x,t) is generally a Green’s 
function (section 8). The conditions in which two solutions of the 
differential equation exhibit the required properties are indicated by 
the following theorem due to Dixon, Weyl, and Kneser. 

Let 

bo a linear differential equation in which p(s) is a positive function 
having a continuous first derivative for s?.0, while (/(.s) is continuous 
for all positive values of s and such that 

(2(s) > 0. 

Lot y(s) be a solution of L(u) = 0 defined by the initial conditions 

then > 0, y(s) > 0, for 5 > 0. 

Similarly, if / 3 (s) is a solution defined by the initial conditions 
u(o) =9 1, n(l) = 0 

we have 

<0, (i> 0. 

Hence the solutions / 3 (s), 7(5) satisfy the above conditions. 

It has been proved by Mercer (i.c.) that the necessary and sufScient 
conditions that a function g{Sft) may bo of positive type are that the 
quadratic form 

V « 

should hb definite * for any choice of a s^t of points p^q ... in the 
given interval. This theorem has been extended by W. H. Young. 

It is clear that the properties of definite functions may be extended 
to functions oE several variables. It is important to notice that the 
functions 

1 __ 

[(x - xy + (2/ — yy + {3 — [{a; + + (2/ — 2^')*^ + (^ — 

in which the variables {x.ijyZ) {x^,y^,z ) are the coordinates of points on 
a closed surface are definite functions. 

The first function occurs in potential problems connected with a 
single closed surface, the second function occurs in potential problems 
connected with a closed surface in front of an . infinite plane. This 
I)roperty of the functions depends on the identities 

* The conditions arc that the quantities • • • • Bbould 

bo positive for every set of values of the variables .... contained in the 

interval (a,b). 
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[(* -®')» + (y -»')* + («- «T]‘ ” i f f f 

— eo — oo — oo 

(^—x ) (£- x')+(ti—y) ( 7 f—ff') +(^—e) ((—z') 

ui-ivr+iv-ffr+^-zy? [((-xr+iv-yr+cr-^r? 


_ j. _ 

[(x + x>y + (y — y'Y + (z — «')*]* ” 




{x-]ra)(x^-\-a)dyjdi 
[{x^aY Viri^yY + (^-zYmx^^aY + 
the second of which is due to Lord Kelvin. 

It also follows from the equation 



(jr;-r‘)* CO (* 

« r ' “ar 



— CO* 


dl 

t 


that for positive values of t the kernel on tlic left is definite for values of 
X and x^ in any real interval. 

Additional Bcsnlts, 

If a definite function g(Sft) is such that < 7 (s,.s) vanishes for one 
value of s = then and ^(.s*,s„) are zero for all values of t and s 

(Mercer). 


.16. Multiplication Formulm and their Applications, 

Borel has shown that if, 

CO CO 

Rx)=\^er^<^{t)dt, g{x)=^e-mt)dt. . . (1) 

o o 

then, with certain limitations,^ 

CO 

f{x)g{x) = 

o 

X{i) = \Ht-rmr)dr. 

O 

This result is very useful for solving equations of the type 
n(<) = \P{t) + — r)/3(r)dr, 

n 

for if we multiply by e"""* and integrate between o and oo there is an 
algebraic relation between the functions derived from u(i), ^{t) by 

formulae of type (1). 

* The theorem has been established nnder much less stringont coiulitions by 
Promwich. Infinite S^rieSj pp. 280-283. 
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It is clear that any multiplfcation theorem for integrals may bo used 
in a similar way. 

The multiplication theorems for integrals of the types 

1 

/(j:) = (2) 

o 

CO 

(3) 

have been given by Alellin.^ 

If f2(0 the functions corresponding to f\{x), the 

fiinetion ily(l) corresponding to the product is given for integrals of 
type (2) by 

</'(()= 

I 

and for integrals of type (3) by 

CO 


There are also a number of multiplication theorems for Fourier’s 
integrals. For instance, if 

CO CO 

/(.r) = jeos xUp{t)dt, g{x) = |cos xt\p{t)dt 

o o 

and is an even function of then 

CO 

/{x)(j{x) = jcosa;<x(<)dt. 

o 

CO 

where x(<) = ^ | W — 0 + + T)]^r)dr. 

o 

These theorems have not been thoroughly investigated. 

Integral equations of the type 


/(x)=j.-(a!-i)^(£)d£ 

0 

are of very frequent occurrence. The following hydrostatical problem 
may be taken as an example : — 

A solid in the shape of a surface of revolution is immersed with its 
axis vertical in a heterogeneous fluid, and weights are placed on the top 

' Acta Societatis Fennicae, 1890, t. 21, No. 6 ; Afath. Ann., Bd. 68, 1910. See also 
Bromwich’s Infinite Series, 
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of the solid so that it sinks to a given depth. Find the law of density 
of the fluid in order that the total weight of the solid and weights may 
be a given function of the depth to which solid sinks. 


17. Integral Egmiime in which the Principal Value of the Integral must 

he taken. 

The inversion formula) for integral equations in which tho integral 
has its principal value are oiton very simple — ior instance, Hilbert gave 
in his lectures the formula 


1 1 
= |/(0 cos n(s — t)dt + ^fl^{t)(U 

O 0 

f(^s) ~ I ^^(0 COS 7r(s — t)(U + ^f{t)clt 
0 

particular forms of which had been known for some time. This formula 
was used to solve more general equations of the first kind in which an 
integral has a principal value. The formula) have been derived and 
extended also bv Kellogg.^ 

A general theory of inversion formula) connected with integrals of 
which the principal values must be taken,* has been given by Hardy * and 
many beautiful results have been obtained. 

Integral equations of the type under consideration are of some 
importance in two dimensional potential problems, as they arise when 
the point at which the potential is estimated is taken on the attracting 
curve. 

Additional BestiUe, 


tho integrals 


If ^{x) and its first two derivatives are continuous and <f-'t and 

J ff ' ’J X 


arc convergent, and if 


then 




- to 
to 




(Hardy) 


1 

Also if x{y) ^ pjcoscc 7r{x — yh{jr)dXf 


‘ Dissertation, 1902. 

* Stoke?, On the llighest Wave of Uniform ProprtffatioU \ Proc, i'amhr, Phil, 
Soc , 1883, vol. iv., pp. 361-865 ; Math, and Phys. Papers, vol. v., pp. 140-159. The 
Correspondence of Hermite and Sticltjes. 

• Proc, Lend, Math, Soc,^ 1909, ser. 2, vol. vil., p. 181. 
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then 


1 

0(2/) = pjcosec ir(y — »)x(a:)<to, 
0 


(Harcly) 


where P denotes that the principal value of the integral must be taken. 


18. Distributive Operations, 

It has been pointed Out by Pincherle ^ that many of the thooroms of 
integral equations are simply illustrations of theorems belonging to the 
general theory of distributive operations, and this is one of the leading 
ideas in the applications to integral equations of the General Analysis 
developed by E. H. Moore.*-* 

Although the use of symbols to denote operations Was first advocated 
by Leibnitz ^ and his calculus of symbols was developed by Lagrange, 
the first great step in the theory was made by Servois ^ who showed that 
the analogies between the calculus of symbols and ordinary algebra depend 

on the fact that the various symbols A, f , S, &c., possess the commuta- 

dx 

live, distributive, and associative prox)ortics *, tlic first two terms were vn 
fact introduced by Sei^ois. 

Two symbols A, B are said to obey the commutative law if 

AB ac BA| 

they are said to obey the associative law if 

A(BC) = (AB)0 

where C is any other symbol of the same type. 

If the symbols A,B denote operations it is Convenient "td interpret 
AB as the result of first operating with B and then with A. If the two 
operations obey the commutative law, the order in which they are per- 
formed is immaterial. 

In order to define the distributive law we must introduce the idea of 
objects oik functions on which the symbol oi^operation acts. If a, /3 ... * 
denote different objects, an operation A is said to be distributive when 

A{ct + /3 +....) = A(ri) + A(/3) H- . . . . A(ca) ==s cA(«). 

A sot of functions which are chosen according to some law is called 
a field of functions, a function u is said to be a condensation function 
of the field when to every positive quantity £ there is a function /3 
belonging to the field and different from a and such that 

/“ - 

A field which contains all its condensation functions is said to bc 

* Mend, Lined, 1905; Bologna Memoirs, scr. 6*, vol. lii. A good accottnt of the 
theory of distributive operation is given in the book by Pinoherle and Amaldi, Le 
Operationi Distributive, Bologna (1901). 

5* Newhaven, MatheTnatical Colloquium * Yalo Univ. Press, 1910. 

• Merol. Miscell., 1710, i. p. 160. ‘The Correspondence of Leibnits and John 
Bernoulli,* Leibnitz’s Mathematical Works (1), iii., p. 176. 

^ aiuvres, 1772, t. 3, p. 411. 6 Gtrgonne Ann., 1814. t. 6, p. 93. 
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dosed. Tlijse (lefiriitiong have been extondol by E. Sshmidt ^ to fuiio- 
tioiis of an intinito set of variables. 

A field of functions is said to bo linear if, when a, /3 are any two 
functions belonging to the field, the function 

Xrt + fifl 

also belongs to the field, \ and fi being arbitrary constants. 

It often happens that by performing an operation A upon a function 
11 of a field M another function /J of the field is produced. When this 
is the case the functions for which the operation is periodic are of 
special interest, in particular if the operation is of period one so that 

a = AA(fi) 

wliere \ is a constant the function u is called an invariant of the 
operation A (Pincherlo). Thus in the case of the operation defined by 
the definite integral 

A(/) = 

a 

the invariants satisfy integral cciuations of the typo 

h 

a 

If A and 13 are two operations the oquation 

AJ3/> = BA^i 

is generally a functional equation wliich detcriniiics the functions 0 with 
respect to which the operations A, B are commutative, Init it may 
happen that it is satisfied identically. In the case of the operations 

A(/) = b(/) = \hmmt 

this is iho case if * 

b b 

^K{s^x)h{xd)dx = 

This equation is satisfied by series of the typo 
1i[xd) ^ 

where 0 „(.t), Xh( 0 satisfy the homogeneous integral equations 

u 

tl 

b 

^ Mend. Paler hW, 1907. 

* Somo ijropcrties of permutablc functions arc coii?ideiol hy Volierra, Rend 
Zined, April 17, 1910. 

19 lU. 
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Pincherle made considerable use of a very suggestive analogy^iil 
which the functions of a field are compared with the j^oiiits of a space of 
an cnumerally infinite number of dimensions and distributive operations 
witli linear transformations of this space into itself. The projierties of 
adjoint operations are then indicated by the correlative properties of 

J oints and linear manifolds of order — 1 in a space of n dimensions. 

he use of a space of an oniimerably infinite number of dimensions lias 
been further developed by Fr6chet * and Schmidt/-* 

In some cases tlie conditions that two operations 

A(/),A« 

may bo adjoint can be expressed in a very simple form sucli as 


« 0 


f\if) 


the latter form oceurriii" in the tlioory of linear differential equations, 
Tiie other form shows tliat the operations 

A(/) = A{i.) = L(s)v(s,r)c?6’ 

rt* o' 

are adjoint. 

An important property of adjoint operations is that if one operation 
is composite, c.g., A = BC, the adjoint operation is also composite, and 
consists of the adjoint factors in the reverse order, i.e., A. = CB. 

In some cases an operation X can be inverted in a unique manner 
))y an inverse operation X \ Tlic discovery of tlie operation inverse to 
a given jone depends on the solution of a functional equation: if the 
operation involves a definite integral the equation will be an integral 
equation. Since the operation inverse to a distributive operation is also 
a distributive operation, it is convenient to Ixave a general expression 
for a distriliutive operation. 

This has been supplied by Iladamard in the case of the particular 
class of distributive o])erations which are continuous ; these are called 
linear ojjerations. An operation is said to be continuous ^ in a field of 
functions M if, when «.(,/•), «.^(x) are a sequence of limited 

functions belonging to M, and such that 

as It -> CO 

except, perhaps, for a sot of values of a; wiiose content is zero, then 

A(m) = lim A(.i„). 

n -> CO 

* Hand. Paler mo, inOfl. ^ a 1907 , 

* Bourlet, Annales dc VKcole NormaU, 190.?, scr. 3, t. 14. See also Iladamard’s 
paper. 
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Hadamard ' has proved that any linear operation A(ct) can bo expressed 
in the form 

h 

A(fi) = lim 

W — ♦ CO J 
a 

where Kh(^) is a suitably chosen function. This n sult is important 
because it indicates the general form to be expected for the iiiversioii 
formula of a linear integral equation. 

Frechet ^ has given other proofs of ITadamard’s theorem, and has 
shown that in particular the functions K„(.r) may be taken to he 
polynomials. 

The transformation of opeiations is also of some importance in the 
theory of integral and differential ecjuations. l.et X be an operation 
wliich can be inverted in a unique manner by means of an operation 
X ^ then an operation A is said to be transformed in 13 by means of X 
wVicii wo have idontioaily 

B = XAX-'. 

If A, is transformed into T3, and into lh_„ then A-A^ is trans- 
formed into 13. B 2 . If the o})crations A form a group, the operations 13 
also form a group. If two of the A’s are permiitabkj the cori-espoiiding 
B s are also permutable. If A is transformed into B the adjoint oiieratioii 
B is transformed into A. These theorems find a good illustration in 
the connection between the transformations of li^iiler and Laplace in 
the theory of linear diifcrcntial equations. 


19. Connection with the Calculus of Vuriaiions. 

A connection between integral equations and the calculus of varia- 
tions was indicated by Volterra •* in 1^84. He showed that the integral 
equation 

a 

f{x) = ^k{rj)l(t)(lt o''.r-'a 

may bo obtained by making the f}rst variation of the quantity 

.7 n ,j 

r = 2 j" 

U 0 o 

equal to zero. 

Hilbert obtained another connection by showing that the maximum . 
value of the integral 

b b 

a u 

* Iladcamanl, Compfes rendva^ Feb. 9, 1003. 

* Trans. Amer. Math. !Aov.^ 1905, vol. vi., No. 2, p. 1.38. 

» Pinclicrlo and Anialdi, Ch. 13. The theory was applied to continuous groups of 
tiansformations by G. Jordan. Amiali di MaUmatica^ 1808, ser. ii., t. 2. 

* II niiovo CwimtOy 1884, series 3\ vol. xvi., p. 49. 


n n 2 



400 


' REPORTS ON THE* STATE OP SCIENCE. 


subject to the condition 

h 

^[<i>(x)rdx= I 

a 

* is r- where Xi is the smallest value of \ for whicli the liomogonoous 
integral equation 

h 

(/i(.r) — A|'#.(a;,^)0(/)rZ^ = 0 

c ut ho sutislwd. Tho oilwv roots A^, .... ,'ire oblaiiicd by Inuliiig 
the inaxinium va/ue of the integral wlion a number of additional 
conditions of the typo 

b 

n 

arc introduced, being solutions of the. Jioniogencous o {nation for 
the roots A,. 

Hilbert assumed iii liis investigation tliat k[.r,l) was a definite func- 
tion, so that all the quantities A,, are ])ositive. Tliis restriction has 
been removed by tli(3 aiiihoi-,^ who lias found limits within wliich the 
double integral must lie ; the method depends ujion a use of tlie mertfif 
function. Another proof of JJilbert’s theorem is given by IIolingi*en.^ 
There is an analogous theorem due to Dirichlet for dilTerential 
equations, and this has been used by Mason ^ to cstalilish the following 
general theorem : — 

There exists an infinite series of normal parameter values A„ and 
corrcs])onding solutions (normal functions) y,^ of the differenl-ial 
e(juatioii 

7/' + AA7y = 0 (1) 

and the Jioundary conditions 

?/(«) = 0, ?/(/o=o. . . . (2) 

If A changes sign in {af) tho values A„ include an infinite series of 
positive terms A,<A. 2 <:A;{< . . . increa.^ing without limit, and an 
infinite scries of negative terms 

X-i>X„,>X :,> 

decreasing without limit. The function y„ satisfies the conditions 

6 h 

= ± 1 I Ay,y(Jx = 0 

"[/:=±1,±2, ...±(n~l)] 

(in which the upper or lower signs arc to be taken according as n is 
positive or negative), and gives to the intf>gral 


* Ctihdr. Phil. Tra/i!(., 1008, vol. xxi. 

* Amer. Trans.t 190G, vol. vii , p. 337. 


® Comjftcs Tcndus, 190 '. 
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It 

its least possible value consistent with these conditions and the equations 
(2). This minimum value of J is ± X„. 

More general theorems have been deduced for the differential equation 
and more general boundary conditions. 

Tliese proldcms arise naturally in the Calculus of Variations in the 
following way ^ : — 

Consider the problem of determining a curve y = y{:r) joining two 
given points for wliich the integral 

a 

has a minimum value. 

Let y = y{.r) be the equation of the required curve and 

y=^y + 

a neighbouring curvo, wliere u is supposed to satisfy the following 
conditions : 

(1) In the interval ?/(./■) possesses a continuous first 

derivative. 

(2) u vanishes for x = a and for x = b. 

We then have 

h 

J = j [F(y',2/,.r) + t(«'Fi + «Fa) 

a 

+ * (m'*Fu + ,2«'jiF,2 + m-'Foj) + . . .](/.« 

h 

J + e I ■«(Fj - 



whore F,, F,i, . . denote the partial derivatives of ^\y\y,:v) ^vith 

regard to jy' y. 

Now since y makes J a minimum 

and ““ ““ ^2'-*) positive. 

Hilbert now considers the problem of determining the function n{x) 
so tliat the quantity 



a 


* nilbcit, Lectures 0)1 the Calculus of VariationSf CJottingen, 1904-05, 
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may be a minimum when u[x) satisfies the condition 



which is in rodnced to exclude the case of u{x) =: 0. 

The Jiiioa" diirerential equation corresponding to tliis isoporimetric 
prol)lem is 


where 


L(«) = 


(I 

iiv 




u. 


Tlie function //(.r) must satisfy this e([uation and the conditions 
jilr(‘ady laid down, and lids can only ho done for certain values of A. 

This theory is (levclopctl in iho Gnttiiii^aii disstjrtations of Kdiui' (1907) 
and Caiins (LVO?). The latter considers a funefion winch makes the 
integral 12 a minimum subject to the two conditions 

b h 

[»(■'■)!/(■<■) = 0 , = 1 , 

n n 

and arrives at a differential equation 

+ Xit + = 0. 

He shows that if is the Green’s function for the difTerential 

equation when A' = 0, and 

ft 

= I" 

. rt* 

then the Green’s function in the case wlien A is not zero is given by the 
formula 

a 

This result is closely connected with a general theorem given by the 
author.^ 

Kdnig discusses Hilbert’s problem in connection with Jacobi’s 
criterion and the oscillation theorem. 

A fuller investigation has been given recently by Richardson.*'* 


20. IHcmann's Problem. 

The work of Fuchs raised the question as to how far the branch 
points and monodromic group ])elonging to a linear differential equation 
can be considered as independent of one {mother. Biemann endeavoured 
to answer this question in 1857 by considering the problem of determining 

* Camhr. Phil. Truns.^ 1007, vol. xx., up. 281-290. 

* Math. Anii.t 1910, Bd. Ixviii., p. 279. 
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the diflferential equation when the branch points and group are known. 
The problem was solved by Schlesinger ^ with the aid of Poincare’s 
Zetafuchsian functions in the case when all the roots of the characteristic 
equations, which belong to the fundamental substitutions corresponding 
to the circuits round the singular points, have their moduli equal to 
unity. The convergence of the series of Zeta functions is then ensured. 
Schlesinger ^ has more recently used a method of continuity to obtain a 
proof of the solubility of Eiemann’s problem. * 

A now method of dealing with the problem was invented by IIili)ert ^ 
in 1901. He considers first of all Eiemann’s general problem^ of 
determining, in the interior of a region of tlie complex plane bounded 
by a given curve, C, functions of a complex variable when relations are 
given between the real and imaginary parts of the values which the 
functions assume on the boundary. Hilbert shows that if 

f{z) = n{x,y) + iiix.y) 

and u(s), v(s) are the values which tlio functions y.,v take on the 
boundary, tlien the problem of determining /(.?) when a relation of the 
type 

a{s)u{s) + h{s)c{s) + c(.s) = 0 

is given, a{s)t b{s), c{s) being periodic functions of the arc s ^Yith con- 
tinuous derivatives, can be reduced with lh(i aid of a Green’s function 
to the solution of an integral equation of the second kind.*^ lie then 
goes on to show that the problem of deteriuining a pair of functions 
/,(-)» ^vhich are regular outside C and a pair of functions 
which arc regular inside 0, so that there is a given linear transformation 


/.(•■>•) = 'Ji(s)/i(s) + C2(s)f/,(s) 
g„{ii) = c,(sVi(s) + C;{s)<j.,{s) 

witli complex cocflicionts c,(5), Ci(s), each of whicli possess 

a continuous second derivasivo, can be reduced by mean..; of Green’s 

functions to the solution of a pair of integral equations of the second 

kind, and these may be reduced to a single equation of tlie second 

kind by means of Fredholm’s artifice. 

These results are then applied to the solution of the prol)lem of Ihc 
moriodromic group by formulating this problem in the following way ; 
Jjet a closed analytic curve C be drawn so as to pass once through cacli 
of the singular points ;3rj, • • • • fben wo have to find a pair of 

functions f{z) g(k) which shall behave like regular functions of tho 
complex variable at all points of the plane, including the strip of G 
between Zm and Zi, but which shall exhibit a singular behaviour on the 

' Compter rendvst 1898, t. 126, p. 723-723 ; Math. Ann.y 63, pp. 273-276. 

Crelle, Bd. exxx. ; Acta Math.^ Bd. xxxi. ; Ann. <Vtto. Norm, (3) 20, 

1003. 

® Vorlemntjcn, Jlchlelherg Congress^ 1004; Gdttimjen 

* Anotlver treatment of this pro])Icm is given by A. C. Dixon, Cambr. Vhil. Trans. ^ 
vol. xix., part 2, p. 203. • 

^ Further investigations on this subject have been made by Ilaseraan, Dif>scriafion 
Gottingen, 1007. 
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portions of the curve between and «’ 2 , Sj and z^. . . . and z^. If 
denote the values of f{z) and g(z) outside C, 
g^{^) inside C. 

then the conditions to bo satisfied are that 

/» =/i. 9o = 9i on the portion z,„Zi of C 

r ]''(»>•/' t on the portion z„Zm,i 

/»-‘i /i +*. </, (7i = l. 2, . ..m). 

JPlcmclj * h;is siho'svn that this prohlem oi l^ictTta'nn rrvtVy W. v>cA\^.'A \w ?t, 
imich simpler way by i^ng Cauchy s integral fornmhi in place of 
Green’s functions. 

IIil})ert also gives sufTiciont conditions tliat a given complex 
expression 

ii(s) + iv(s) 

may bo the l)Oundary value on C of a function of a complex variable • 
wliich is regular inside or outside C. 

31. The Solution of Linear Differential Equations hy means of 
Definite Integrals 

Laplace’s metbod of solving linear differential equations by means 
of delinito integrals has been extended by fleine, Pincbcrlo, Jordan, 
Pochbammer, Scblesingcr, and many other writers. The general method 
of solving an equation LX?^) = 0 by means of a definite integral of the 

depends upon the formation of an identity of the form 

where w{x,f) may or may not bo identical with k\ If T\b(r) = 0 is the 
differential equation adjoint to = 0 wc liave in general 

where E is the bilinear concomitant. The first integral can usually be 
made to vanish by a suitable choice of the limits, and tlje second integral 
vanishes if fli{t) is a solution of the equation 

Ufv) = 0 

which is called the transformed equation relative to the kernel k. In 
the case when we may take w{Xjt) = c'*, Jind then if 

’ Siizunff8he7'iphte,\ ienna, May 10, 1900 ; 3foimtshefte fiir Mathcmatik und Physik' 
IDOS; Jahreshericht (Icr deulschen Math. Fer^/w., 1009, p. 15. 

A report and bibliogr?!phy on llie theory of linear differential equations from 
18P5-1907 is given by Schlcsinger, Jah'^eshvricU der denlachcn Math. Vercin., 
1909. pp. 133-206, 
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The equation Mi{v)=^ 0 is then the Laplace transformed equation. 

It was shown by Petzval ‘ in 1859 tliat Laplace’s transformation is 
periodic, tlie second transformation yielding the original equation except 
for a change of sign of tJio independent variable. Tliis, of courpo, was 
indicated by Fourier’s integral formula. Tlie result is important, as it 
indicates tho existence of inversion forniulce of tlie typo 

CO 

/(,,) = 1 I cjixyix. 

n '* 

These formuho have been studied by Piiicherle.- A pailicular 
inversion formula 

ro r ' 

m = I ( </'('■) = I * 

0 - 
= .r 4- iy 

X < h 

was given by Cauchy •** long ago. 

The general theory of jieriodic transformations lias been developed 
])y Pincherlo * and Levi Civita/* Those in which the original dilTerential 
eejuation is reproduced after a single transformation are of special 
interest, as they connect tliomselvcs naturally with homogeneous integral 
equations of the type 

n 

An impoitant class of equations which aio transformed into 
themselves ])y a transformation of Jjaplace has heeii discovered by 
M. Ab]’aliam,‘‘ and has been* extended by the author.^ The equation of 
the elliptic cylinder belongs to this class of equations. 

The transformation in which the kernel is of the form 

is of special inteiest, and is called after Enlcr^ since he first used 
integrals of the type 

h 

a 

to solve linear differential equations. The theory of the transformation 
has been developed chiefly by Heine, Pincherlo, Schlesinger, Jordan 

* Integration dcT Unearoi T>\(ferentUdgleichm)gc7i^ pp. 472-473. Simple cloriva- 
tiens of PelzvaVs result liiivc been given by Vincbeile (Ac opcrazwni distrUmiivt^ 
bologna, moi) .and the author, Proc. Land, Math, Soc., 1007, ser. 2, vol. iv., p. 487. 

2 Jtolngna Memoirs, ser. 4, t. 7-M, 1880-87 ; ser. O, 1907, vol. iii., p. 143. 

® (hmjjtes rendus, I*ans, IH.'jI, t. 32, p. 21.^. ^ Acta Math.^ 1892, t. 16. 

Torhw A Hi, 1895, i. 31 ; lomb. Itnid., 1895, t. 28. 

Math. Ann., 1901, l»d. lii., p. 81. ’ Camlr. VJiiU Trari$ i 1909. 
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and Ponlihammer. The last two authors have onricliod the tlu’ory by 
thj introduction of double circuit integrals. 

Pinclieiic * has obtained a symbolic ex))rossion for ]hiler’s trans- 
formation in terms of Laplace’s transformation L aiul the op. ‘ration 
Mrt of multiplying the dependent variable ])y Tliis formula 

E,= L-'M.,L 

suggests tlie existence of inversion forinuhe of the typo 
/(x) = |(x - i)-* 




where X is some constant. 
The equation 


/{»)= j" 


> 0 


^2ts -jr 6 '“)** 

— 1 

J'(s) = * j['/(-r) + »/’(x)] siu'-’- • ad a 


where a; = s + i V 1 — -s" cos a provides an interesting example. 

Abel’s integral equation is a particular case of a formula of tliis 
kind. * Other formulae lia\e boon considered by Pincherle ^ and the 
author.^ 

The transforinOitions associated wdth kernels of the forms k^jt — t), 
k(,ri) ImvQ been diseussed by Mollin.* These transformations maybe 
conveniently studied in connection with the multiplication formulae. 
Transforinadons of other types have been considered by Picard and 
Cunningham, but at present these seem to belong to the theory of 
differential equations rather than that of intcjgral equations. 

Traniyforrnations of difference cquatiorvi into differential ecpiations 
lead to integrals involving Gamma Functions. These integrals were 
discovered by Pincherle,* and have been studied subsequently by 
Mellin and iiarnes.^ The theory of these integrals is connected with 
the inversion formula of Rieinann and Mellin.'* 


22. Applications to the Partial Differential Equations of 
• Mathematical Physics, 

Integral equations frequently occur in the solution of problems of 
mathematical physics when a definite integral solution of a partial 

* Pincherle and Amaldi, Zc operazumi dhtHhuiive (Pologna), 1001. 

Acta Math., 1887 ; Bologna Memoirs, 1907. 

* Proc. Lond, Math, Sor.., 1007 ; Camhr, Phil, Trans., 1009. 

^ Acta Societatu Fennierr, 1890, t. 21, No. (5. A paper hy Caillcr {^Darhonx 
Bull., t. 2.*i) may also be reFerrod to. 

® Bend. JAncci, .ser. 4, vol. iv., pp. 091 -700, pp. 792 799. 

« Acta Math., 1891, vol. xv., pp. .‘U 7-384. 

^ Proc. Tendon Math. Soo., ser. 2, vol. vi. (1907). 

Acta Math,, vol. xxv, (1902) ; Math, Ann., Bd. 68 (1910). 
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(lifTerefttial equation is employed.* An integral equation is obtained as 
soon as the boundary conditions are introduced. 

In some cases we liave a single equation which has to serve for the 
determination of two unknown functions. Equations of this type were 
first considered by Gaucliy in his memoir on the theory of waves, 1815, 
An interesting example is mentioned by Forsyth in his presidential 
address to tlie London Mathematical Society.'* In many cases an 
equation of this type may be reduced to the ordinary form or to a system 
of equations by a special artifice. Systems of integral equations of 
various typos are also considered by Murphy.** 

A few examples of Fourier’s method may be mentioned here. Lord 
Kelvin * used Laplace’s solution, 

CO 

V = |/■(a; + 2z\/~l)c'-‘dz 

— oc 

r)V 

of the equation of the conduction of heat, 

problem of the conduction of heat in an infinite solid with a plane face, 
lie assumed f{y) = 0 for <0, V = when x = 0. lie was thus led 
to the equation 

CO 

giO = [ /{2Wi)a‘\h 

for the dc'.tormination oi f. This was solved with the aid of Fourier’s 

\.heovoA^\, \nvVi aV \A\v\y veAwci.-d lo t\.\\ oqvvs\.VAon o\ \ iVxp\acMi s 

Schlallr"’ afterwards ol)tained the same eejuation, and expressed the 
solution in the form 



Lord Kelvin’s solution is 


/(.f) — j dm I cosli .vV m COR xVm cos ‘2iiU ij{l)dt. 

0 O 

The equation 

,rr-^V l»V_m‘^y4Q 
d.z'^ d(t^ P dp p^ 

' This method may perhaps be justly ascribed to Fourier, as it is used by him in 
his ‘ Analytical Theory of Heat.* Poisson gave the solution of many partial differ- 
ential equations in the form of definite integrals, but endeavoured to avoid the 
recurrence of integral equations. Ilis efforts met with brilliant success as he obtained 
definite integral solutions which are exceedingly well adapted for the initial conditions 
cccurring in the problems. 

“ Froc. London Math. Soc.^ ser. 2, vol. iv., ji. 431. 

* Co/mhr. Phil. Trans., vol. v. (1884). 

* Camhr. Math. Jonrn. (1842-43), p. 170 ; Math, and Phys. Papn’S, i , p. 10. 

* CreWs Jonrml, Hd. 71-72 (1870). 
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is satisbed by a definite integral of the form 


CO 

V = f 


Wc may detcmiinc so Lhafe V =/(m) when ^ = 0 by solvin^^ ILinkol s 
integral equation ; wo may (wlion in = 0) detei’inino 0(/) so iliat 
Y = F(, 2 :) when ^ = 0 by solving Pvii integral equation of Laplace’s type. 
Tlie solution of one equation maybe made to depend on tliat of the 
otlier when the solution of the pai’bial differential equadon for tlie given 
conditions is known. The differential equation 


fy + iw^s’y+,,,v=o 

()ir p rJp d.3:- 


is satisfied by 


X- 1 f sin /.'s/r- - 2iiru -f fi' , , ^ 

7r f + a- ^ 


> r sin /i n/ r- — %irn + , 

) Vr>--2„^+a‘ XW* 


V = + 2/> C03u)d.c . 

'"JiTT 


cr 

= 1 


J„(p\/ a'* + 


where ;j = rp, + z' = r‘^. 

If these expressions all represent the same solution we have when 

P = 0 




1 r sin 1c(s — a) 


fji(a)flu 


/w= 

J z — a 

V 

* ro 

/(,?) = I ^ ’^('0'^" 


These integral equations are of the typo considered by Hardy. ^ ITe 
has shown that if f{z) is defined by an equation of the second type with 
7)1 written in place of k, then the first equation is satisfied by = /(a) 
if Join. This result indicates that a solution of the partial diflerential 
equation tliat can be expressed in the form (2) can also be expressed in 
the form (1). By putting .8r = 0 in equations (1), (2), (3), (4), the 

* l\’oc. Loud. Math. Hoc. ser. 2, vol. vii. (11*09), i>. i irj. 
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solutions of a largo number of integral equations may be obtained 
indirectly with the aid of the partial differential equation. Other 
interesting integral equations ai’o obtained by replacing by — or 
by Y„. Some of these may be solved by using the inversion formula 
for Fourier, Hankel, and Laplacian integrals. 

Equations of Voltcrra's type may also be obtained from definite 
integral solutions of Laplace’s equation ; thus Lo Koux ^ remarks that 
if is n, 'pHncipaL f^olntion of the equation 



will also satisfy the o(|uation, and if this i i‘(liiccs to f/(.r) when y = 7/.„ an 
equation of Vol terra is obtained for ihe detennination of /(•/). In the 
cawvi VavVoa* v\ud 

P-->z _ a CL- _ /> cb ^ Q 

X — y ('X X — // ry {x — /y)- 


the partieular solution of tlio typo 

- = (.r — //)*'(.r — 


can be used to o])tain Abel’s integral equal ion. This is really only 
a niodilieation of the method ])y wliic-h I'oisson liist olilaincd Abel’s 
e( [nation. 

Jn many problems of vibrations a liomogeneons integral equation of 
the first kind is obtained wluni tlie hoimdaiy eonditions are introduced 
into a delimte integral solution of a jiartial (iillerential equation. Thus, 
in the case of the equation of a vibrating membrane - 


wliich is satisiicd by 


+ '.'’X + = 0 

( j;- Oy- 


an- 

V = It:''' 


# 


the condition that V = o on the lioundary x = x{0), 7 /=?/(d), gives the 
homogvuiebus integral equation 


a-r 

According to a mctliod described by the author tlie values of k- for which 


' Annn/rs (Jc Vh'colr Xormalc Snpf'r'n'urc, ISOri, 5Cr. t. 12. 

‘ Other methods of treating the [irohloiii of a vibrating membrane witli the aid of 
integral equnticris arc given l)y Picard, 7?rwf/. Palermo^ lOOh ; Uoggio, Uend, Linvei 
J907, p. 3SIJ; Bryon Heywood. Thesis, Paris, 1908; Saniclevici, Annalcs de TPeoL 
Xormalc Superieure, 1909, pp. 19 91. 
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an equation of this type can bo satisfied may be obtained by considering 
the. homogeneous integral equation of the second kind.^ 

0 

and giving k the different possible values for which the functions /x(k) 
are zero. These functions may bo determined by a method of successive 
approximations by expanding both sides in powers of i:. 

The applications of Fredholm’s equation to pai‘tial differential 
equations of elliptic type are very numerous. We must refer tlie reader 
to Andrae’s dissertation ^ and papers by Picard and Hilljort.'* Equations 
of liyperbolic'and parabolic type have also been discussed by Le lloux, 
Andrac, Holmgren, Goursat, Picard, Hadanuird, Lauricella, Levi, 
]\rason, Myller, and many othei- writers. A sliort account of the appli- 
cations is given in Horn’s ‘Partial Differential Equations.’ 


23. Ajiplications to Problems in ike Thoory of Elasticity. 

Tliii problciiiis couiiocited \vitli the uquilibiium of an elastic body 
when either the disphicenients or traciioiiH arc ^^ivon over tho snifiuio, 
has been reduced in various ways to the solution of a system of equations 
of Fredholm’s type. 

E. and F. Cosserat '' effected this reduction in 1901, and solved the 
equations by a method of successive approximations. 

Fredholm applied his method of s<3lving the integral equation of 
the second kind to show that the integrals of the differential equations 
which determine the equilibrium when the surface tractions arc known, 
are mcromorphic functions of the elastic constant. Tho‘ theory has 
been discussed very thoroughly by rjauricella,’ Marcolongo/ and Poggio ;•* 
the last author makes use of Green’s functions. 

The subject of the Prix Vaillaiit for the year 1907-08, proposed by 
the Paris Academy was that of the equilibrium of an elastic plate with 
fixed ed^s. The analytical problem is th«t of determining a solution 
of the equation ^ 

dxh)y^ 


under the conditions that n and its normal dcj’ivative along the boundary 
are zero. The prize was divided bet^\'een Hadamard,‘® Lauricella,*^ 
Korn,‘‘^ and Boggio. The same problem has also been discussed by 
Marcolongo,^ Zaremba,*^ and A. Ilaar.** The mathematical investiga- 


* Mets Math., April 1010. - Gattinricn, lOO.’L ® Hcnd. Palermo, 1906. 

* Gottingen Xcufhric^trv , lOOfi. ® Comptts I'eyidns, t. 133 (1901). 

“ Ai'kivfor matkematih ooh fgnik, Bd. 2, n. 28. 

’ II A'uuro Gimento, li)07 (5), vol. xiii. 

” Rend. Lined, vol. xvi., scr. 5 ; Toulouse Ann., 1908. 

“ Rend. lAnod, 1907, pp. 218, 411. Mvmoires de V Tmtitnt, ltC8. 

" Rend. Lined, 1907 ; Acta Mathematical 1908-09. 

Annalcs do VEcole Norniale Stfperienre, scr. 3, vol. xxv. (1908). 

“ Ihid., vol. xxv. (1909), p. 337. 

Gottingen Nachrichien, 1907. 
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tions connected with the problem are very long, and so we must refer to 
the original memoirs. 

A singular integral equation of the second kind of the t 3 'pe 

CO OD 

f{x) = e{x) + A j I f)(£) cos - x)d‘ 

— CO — CO 

was obtained and solved by 0. Tedone ^ in the problem of the elasti 3 
equilibrium of an indefinite circular cylinder. 

The solution is given by the formula 

CO CO 


2d. Bilinear and Quadratic Forms in an Infinite Number of Variables, 
The theory of quadratic forms in an infinite munher of variables is 

ipYO\>ou\\ded \\\ hy vmd isvvwW 'd to \wto«Y-.\\ oc\\vaAaotv9. 

in a siib-serjuunt nicinoir. Thc.sci inuinoirs contain many theorems of .a 

fundamental nature which are of a very wide a])i)Iication. The theory is 
interesting, as it is full of striking analogies, the occurrence of point and 
band spectra being particularly noteworthy. Let 

o:j 

("^'O - ■!» (//!/} 

»/ 

then the expression 

C-- c-'i 

u[.r,x) 

p-l cy-l 


is called a quadratic 
expression 


form in an infinite number of variables, and the 


CO o:j 

I .--1 =1 


a bilinear form. 


When 


_ 0 2}^q 

1 p=</ 


the bilinear form is written 


i-ry)- 


The bilinear form is said to bo limited wlien it remains below a fixed 
limit for all values of x and y wliich satisfy tlic comlitions (j-.r) < 1 (////) < ] . 
If K{x,y) is limited, so also is and vice versa. If converges, 

k{Xiy) is called a limited continuous {vollstctig) form. 


U 71 

The expression 

21-1 a -1 


is called the w"* section of t^ix^y). 

If t;{x,y) is a limited form, converges for fixed values of x,y to 

k'(x,y) as n -> co, provided (xx) < 1 (yy) < 1. The convergence to the limit 
is uniform provided the series SXf^, converge uniformly. 


^ Itcnd, Lincei^ 1904, p. 232, * Goitinjni Nachrichten^ 1906, 
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The fold {Falttmg) of two linear forms 

L(j!) = M(.f) = 

is defined by the oquatiou 

L(.)M(0 = 

i 

A linear form is said to bo limited wlioii coiivci'gos. For linoiii* 
form 5 wo have the inequality 

I t i 

Whuil ^(. VyV') is ii JiitiU'jcl eoiitiiiuous cjiiaUi-ihtjic form l\uj soAuVjYou ol 

the equation 

L,(i/) = x;L„(.).(-.2/) .... (1) 

is possible by a limited liiieav form L^.(//) for certain quite definite real 
values of These values of which in the present case can only 
condense at infinity d arc called the charade r is tic values {Eifjcnirerle)^ and 
(^) the characteristic forms, Tiie latter can be chosen so that 

=1 

A set of linear forms wliich satisfy these equations are said to form 
an orthogonal system. 

We have the relations ^ 

4r,r) = S . (2) 

• (.t^r) = [L,W]-^ .... (3) 

The sig^^regatc of the characteristic values A,, is called the spectrum 
of the quadratic form. .For each value of y outside Iho spectrum there 
exists a uniquely defined re.solvent 

K(,\ ; (r,a;) = i: , \ . . . (4) 

x; 

which satisfies the equation 

K(\ ; x,y) — • ) K(\ ; • ,7/) = [xy) 

If K(a3,7/) is a limited but no longer a continuous form, the equation 
(1) is generally satisfied by an aggregate of real values of which are 
arranged in continuous bands, and there may bo isolated points in the 

» The value Ap = may enter cither simply or multiply among the characteristic 
values. 

* The resolution of a quadratic form into a sum of squarc.s has been further 
develoijed by Tocplitz and von Koch {Math. Ann., iyiO» 15(1. 69, p. 266). 'J’ho 
latter gives a method depending on the use of infinite determinants by which the 
reduction may be actually effected. 



©It tHE ^HEOrV OJ* lOTEGllAL EQUATIONS. 413 

intervals between the bfctnds. A certain liinited form (t{\ ; Xyiv)^ fcalled 
the spectral fotm is associated with each point of a band, and the 
equations (3), (4), and (2) are now replaced by 


k{x,x) = S W*)]! + I 

XyX) 

1-= Ap ' 

$ 

/* 

- ( 

'd>T(iJ ; x,r) 

K(\ ; Xyx) = A + 

A„ J 

P tf 

. 

/‘ 

\ \ + 1 

[ dtr^fx ; xx). 


The quantities can also possess points of condensation in tlio 
finite part of the axis of real quantities. 

The proofs of these general theorems are very dillicult, some of tho 
results liave, however, been established in a simpler way by Hilbert’s 
followers.* The literature on tlie subject is now quite extensive. 


2o. Linear Equations in an Infinite Number of Variables. 

The theory of linear equations with an infinite number of unknowns 
which was first considered by G. W. Hill,** Poincare,'* and Helge von 
Koch ^ ill connection wdth the theory of infinite determinants has been 
the subject of some recent investigations by Hilliert, and tho results 
have been simplified and extended by Toeplitz. The equations con- 
sidered are of the form 

CO 

= C!„ . . . (1) 

wi-1 a . . . too'-f) 

and attention is paid only to the solutions for which the series 

, 2:/V* 

Mt =*1 

is convergent. 

Hilbert and Toeplitz discuss tho cascv.’hen tho quantities aiethe 
coefficients of a limited bilinear form and tho series 

CO 

wt - 1 

converges "foi* all values of n. l^hen the convergence of tho scries 

iVo./* 

Is assumed as a necessary condition for the solubility of the equatious, 

* Rcfercnco may be made td the Gottingen dissertations by Ilcllinger (1907) and 
Wcyl (lOOS) ; and papers by Ilcllinger and Toeplitz {Gottingen Nachrirhten, 190(1), 
Ilcllingct {Crelle^ Bd. ISO, 1909), Toeplitz {Jiend. Palermo)^V\tinc\\eve\ {Math, Ann.^ 
Bd. G7, p. 61 1). Ricsz {Gott. Nachr., 1910), Hilbert {OUL Macht.y 1910). 

* Adta Math.^ 18SS, t. 8, pp. 1-36. The memoir was first published in 1877. 

* Ball, tie la Soc. Math, de Prance^ 1886, t. 14, pjj. 77- 90. 

< Aeta Mafh.y 1891, t. 15, pp. 53-63 | ihUL^ 1892-93, t. xvi., pp. 217-295. 

1910. K R 
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maroOTs 015 oi? aciE^o^. 


and an attempt is made to find a criterion for determining Whether this 
condition is sufficient or not. 

The theory has been considerably extended by E. Schmidt. He 
shows that the necessary and sufficient conditions for the solubility of 
the equation consists in the convergence of a certain quadratic form. 


CO 

s 


n-1 


n 2 

r -I 


JIo constructs a sot of orthogonal forms in the following way : 


Let 


z{^r) = 


n J, 2 . . 
a- ^ 1, 2 . . 


where denotes the conjugate complex quantity to a„. 
Put C,(a-) = A,(j-) 

c.w = A,(,)-o, (,)«•)«;» 

0.M = A.(.,)-/C>)W(-) 

then these forms C,(.r) are orthogonal, and if 

D„(a) = C,(.r) + C,(a) + . . . 


CO 

ro 


+ C„(.f) 


the quantities are defined by the equation 

A,(x) = 

If M(j’) is an arbitrary linear form, the form 

V[x) = iM(a:) - 'ic.(.r)M(.)C,(-) 

i: — 1 

is called Mie form (or function) imrpcndicnlar to the forms A^.(.7‘) or Ct(a^’). 
Since the conditions of orthogonality are 

emoz? it'l. 

wo have I*(*)C/*(*) = ^ 

Tind this shows that V{x) is orthogonal to all tlie C^’s. Schmidt gives 
several different methods of solving the set of linear equations, hut for 
these we must refer to the original memoir. 

The importance of systems of linear equations with unknowns 
depends upon the fact that an integral equation of the form 

h 

f(.r) = — \[K{x,tyi>{t)dt 


6 : 

/(x) = ^i:{x,t)<l>{t)dt 


or of the form 



era ITSR O® raT®.C,TlM, -EOVimOlSS. 


4\ij 


may bo reduced* to such a set of equations by using 
orthogonal functions \}/m(x) belonging to the interval (a,b). 


A = |/(■^:) A(3)dx 

a 

b 

= ^'l>{x)\P^{x)dx 

a 

hi, 


a system of 
Putting 


we lind tliat tlio above equation may he replaced by 

c-j 

fm ” 0i» A *'inn^'n 
11 -I 

CO 

J'm ~ ^ 

u -- 1 

respectively, and so all the above results may be applied to them 
directly"; the transition from the quantities (l>„^ to the function </.(.r) 
being finally effected by means of the expansion theorem, or one of the 
alternative methods suggested by Eiesz and Fischer. 

The theory of linear equation has been further developed by 
E. II. Moore, who comprises it in a form of general analysis. 

A report on the development and present state of the theory has 
been published recently by Helge v. Koch. Coinpte rcndit du Congres 
dcs MaihAmaticiens tenu a Stockholm (1J)09). 

The solution of system^ of linear equations in oo,‘^ unknown quantities 
by means of infinite determinants, is of very great importance in the 
theory of linear differential equations of the type ■* 

+ 2k + (0„ + 20, cos 2t + 20, cos U + -) w = F(0 ^ ' 


which occur in the lunar theory, and in many acoustical and mechanical 
problems. The problem 4 of the lunar theory have been dealt \vith in 
this way by ITill, Poincare, and others. 

The various mechanical acoustical and optical problems considered 
by Lord Kayleigh ■* and A. Stephenson ’* possess the interesting feature 
that a certain state of equilibrium of a mechanical system is rendered* 
unstable by the action of a periodic force which does not tend directly 


* Hilbert, Gottingen Karl rich ten, 1906, Heft 4. A siaiilar method has been 
developed by A. C. Dixon (Proc. Land. Math. Soc., &cr. 2, vol. vii., 1900). 

^ Borne Congress, 1908, vol ii., pp. 98-114 ; ‘ Lectures at the Xew Haven Mathe- 
matical Colloquium,’ Yale Univ. Press, 1910. . , ^ . 

* A good account of the theory is given in For.^yth's Theory of Diffirentidl 
Equations, vol. iv., ch. 8. 

^ On the maintenance of vibrations by forces of double frequency and on the 
propagation of waves through a medium endowed with a periodic structure (^PhiL 
Mag., 1887, vol. xxiv., pp. 146-59 ; Scientijic Papers, vol. iii.). 

* Quarterly Journal, 1906; Phil. Mag., 1907, vol. xiv., p. 115; ibid., 1908; 
JJamhester Memoirs, 4908, vol. Iii. 
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to displace the systeiA from this position of equilibrium ; owing to the 
instability a small chance deviation from the state of equilibrium grows 
into a largo disturbance. Probably the best-known example of this 
kind of action is that form of Melde's experiment in which a fine string 
is maintained in transverse vibration by connecting one of its extremities 
witli the vibrating prong of a massive tuning-fork, the direction of 
woUon. of point of attachment being i^arallcl to the length of the 
string'. The effect of tJio motion is to render the tension oi i\\e string 
periodically variable, and the string may settle down into a state of 
permanent and vigorous vibration whose period is double that of the 
point of attachment.' 

Stephenson has developed the theory so as to obtain a mechanical 
analogy of phosphorescence. This and other optical analogies indicated 
by Eaylcigh suggest strongly that the mathematical theory of the 
emission of light depends either upon systems of equations with an 
infinite number of unknown quantities or on integral equations of an 
analogous type. Hilbert’s theory of quadratic forms in an infinite 
number of varialfies x>oints to tlie same conclusion. 

Tlic chief difliculty from the physical point of view is the correct 
formulation of tlio equations. When tliis has been ctlected the mathe- 
matical theories may be of very great service. 

26. Singular Integral Equations. 

When the limits of integration arc infinite, or the kernel possesses 
singularities of a certain kind, the results of the ordinary theory of 
linear integral equations no longer hold, and in particular the homo- 
geneous integral c3quation of the second kind may posses^ an infinite 
number of linearly independent solutions corresponding to a given 
characteristic number A. Por instance, in the case of Fourier’s integral 

CO 

/(,/•) = j xif{t)(U 

o 

if tlw inversion formula holds for tlio function /(.r) we liave also 

CO 

= ^GO^xtf{t)di. 

0 

Consenucntly the function 

=/(x) + 

J 

satisfies the homogeneous integral equation 

CO 

^(.r)= \/^^cos xt4.{t)dt, 

o 

and so it follows tliat for the characteristic number \/? this homo- 

' TT 

* Cf. Tyndall’s Sound, 3rd ed., cli. iii, 
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goneous integral equation possesses an infinite^ number of linearly 
independent solutions. * , 

An example of another nature is provided by the integral 

ir 

rsin(l — a)(^ — du _ tt / ^ ^ i\ 

J sin — u) (sin (sin £)" ^ ' 

o 

obtained by Hardy.' In tbis case tbe 'kernel is inbnite, ior = o, it = 

(J = TT, w = o) anil the normal function (cosec £)'" is infinite for (i; = o, 7 r). 

Integral equations with the kernel (s + l)~^ are of special interest, 
and have been studied by Stieltjes,-* Hilbert, and Weyl. This kernel is, 
of course, derived from c~^'' by forming the iterated functkn 


03 


. c '^-^dx. 


Stieltjes shows that the equation 


X + t 


dt 


may be solved by means of the formula 


0(0= Lt [/( - s - if) -/( - s + i:)] 

tTT e— >0 


Hilbert ^ shows that by using the orthogonal system sin wo may 

pass from the kernel ^ to a quadratic form of the type 
5 4" i 


XjjXq 


CO oo 

S 21 

p^lq^lP + (Z 


+ K*(:r) 


where K*(ir) is a limited continuous form. Hilbert'* shows that the 

form 2 is limited, and another proof of this result has been given 

vq + g 
by ¥, Wiener."* 

Weyl has considered the kernel ^ in connection with the 

orthogonal functions of Lagucrre. The kernel is also of importance in 
the theory of diffei*ential equations of the hypergeometric type.'* 

The integral equation associated with a linear differential equation 
becomes singular when the interval which defines the limits of the 
integral contains a singularity of the differential equation. The 
simplest case arises wheJi the differential equation is 


* Quarterly Journal, 1901, vol. sxxii., p. H81. The paper contains another 
example of a similar nature. 

“ Annales de Toulmise, 1894, t. 8 ; 1895, t. 9. Sec also Borel’s Lcqona svr les icries 
dirergentes. 

* Lectures, 1906, Summer Semester. 

* Mathematische QeseUsohaft, 1907 ; cf. WeyTa dissertation, p. 83. 

® Math. Ann., 1910, Bd. 68. p. 361. 

* Cf. H, A. Webb, Vhil, Trans. A., vol. coiv., pp. 481*497. 



418 


KEPOBTS OK THE STATE OE SCIENCE. 


and the interval extends to infinity. The chjiracteristic values of X are 
then everywhere dense along the positive half of the X axis, and so 
form a continuous spectrum or a band spectrum. Pourier’s integral 
formula now takes the place of the expansion theorem. The representa- 
tion of arbitrary functions by means of the normal functions of a 
(liirerential equation with a singular point at the end of the interval is 
very complex. In addition to a continuous spectrum a point spectrum 
can also occur : we thus have a mixed representation, partly by a series 
formed according to Pourier’s rule Jind partly liy an integral analogous 
to Fourier’s double integral. It can also happen that an integral 
representation is obtained in which the integral is taken over several 
separate intervals or bands, and the isolated points of the spectrum are 
in the different intervals between the bands. 

Wirtinger ^ first came across such a distribution of singular values 
in the case of a vibrating string of infinite length; he called the 
distribution a ba?id spcclruin. The discovery of the existence of a band 
spectrum in the year 18i)7 is quite noteworthy. 

The general theory of band si^ectni, has been given by Hilbert^ in 
his theory of quadi’atic forms in an infinite number of variables. This 
theoiy seems to cover all tlie cases that liave so far been treated, and it 
must be considered a very noteworthy achievement on Hilbert’s part to 
have established theorems of such very wide application. 

The diflerential equations to which the theory has been applied are 
of the form 

h(u) 4- \ii = j -h X2^ = 0 

where /(.s), q(s) behave regularly as analytic functions in the neighbour- 
hood of the strip of the real axis, and /(.s) is everywhere positive 

for also l(p) = 1. At the end point 6 = 1 an arbitrary homo- 

geneous boundary condition is ascril)ed. 

The theory is due chiefly to Hilb^ and^Weyl,** who obtain a repre- 
sentation of the form 

CO 

/(s) («)<?< 

o 

CO CO 

4 + « 

the integrals being absolutely and uniformly convergent if 
r ^ 1 

\[Ao)?ds, f[L(/)]>>rfs 

0 O O 

converge. The functions i/'(s,X) are solutions of the differential 

equation for appropriate values of X. Ililb’s results have also been 
' Math. Ann., 1897, Hd. 48, p. 387. 

Gottingen Nachrichten, 1906, pp. 157-227, pp. 4.39-80. 

* Math. Ann., 1908, Bd. 66, p. 1. - * Uid., 1910. Bd. 68, p. 220. 
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extended by Planoherel.^ Hilb also considers the more general equation 


L(«) = « = 0 


where g(s)f h{s) are analytic functions of s which have the character of 
intef'ral functions is an interval (o, 1 ) which includes Koth limits. 
Finally g{s), h{s) are real for real values of 5, and (7(.s)>l h{s)>a'> o 
0 s<l, /z(o) = 1 . 

The integral representation is discussed with the aid of a Green’s 
function belonging to the differential equation. 

The general theory of differential equations when the independent 
variable has an infinite range of values Is discussed by Weyl. lie 
shows that all the integrals of the equation 

tend to finite limits as 5 ->co if the integral 

\\ it)"'"* 

0</'^.S<co 


is convergent. This condition is necessary and sufiicient except when 
q(s)=0. 

Singular integral equations connected with differential equations of 
higher orders have been considered by the author.^ There is an inver- 
sion formula of the type 

f{x) = {j,{xl)YX-rl)i'f(t)dt 

J (" > - i) 


f:o 

V-(0=-2)r[^^J^(.r0jh/(.r)r?.c 


for instance, associated with the dilTorciitial equation of the thii-d order 
satisfied by xyiixt) — viz., 


(Pz 

dx^ 


+ 




yh 

)dx 




0 . 


Singular integral equations connected with the formula '* 




sin m{x — i) 


t 


f{t)dt 


have been discussed by Hardy following a remark made by Ihc author. 
The formula 


* Math, Ann., 1909. Bd. 67, Heft 4. 

2 Ptoc. Land. Math. Soe., 1906-07, ser. 2, vol. iv , p. 483. 

* This formula has been investigated by Hardy {I'rae. lend. Math. Soc.^ ser. 2, 
vol. vii., p. 445). Some remarkable definite integrals are obtained in tte course of 
the work. 
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F(A) = j‘- 


ZJih{1 - \)} 


(( - 


- ym 


4 009 /ITT 
7/^(1 


- 2yy ^’ j (A -a)*-' ^ 


is quite noteworthy. Sufficient comlitions for its Viilidity are given by 
Uardy. 


27. Miscellaneous Physical Applications* 

In a short abstract of a memoir which does not appear to have been 
printed Rouch6 * indicates a number of problems in electro-magnetism, 
mechanics, and viscosity which can bo solved by means of integral 
equations ; but none of these problems appear to have been dealt with 
by subsequent writers. 

In 1906 Fredholm gave a theory of the lines ii\ the spectrum which 
promises to have interesting physical applications. 

Starting out with the idea of linding systems analogous to those 
considered by Hayleigli and liitz where tJie fundamental vibi’ations 
obey laws of the same general type as the vilDrations wliich give rise to 
the spectra of hydrogen and other elements, Fredholm considers a 
Anite region of spacti over which matter is spread continuously, and 
denotes l)y the displacement of a pavt'uAe from pos\\\ou o\ 

equilibrium at time t, supposiiif^ tor simplicity that each particle only 
possesses one degree of freedom. He supposes that the force F exerted 
by one particle on another is given by an expression of the form 

F = 7r(.r,2/,2')] . . (1) 


where is a symmetric function of ; Cr,y,^), so that action and 

reaction may be equal and opposite. He is thus led to an equation of 
motion of^ the form 

and the existence of a fundamental vibration of the typo 


w = 

depends upon the possibility of satisfying the homogeneous integral 
equation 

; x,y,z)&rid>: - X* j 

= x,y,zM^,v,i)<Udnd^ ... (2) 

In order to simplify the analysis Fredholm assumes that 

; x,y,z)dUrid'C = fr \ . . . ( 3 ) 

where -r is constant. The integral equation then becomes 
’ Coniptes re7idu8j ISQO, Paris, t. JJl, 


f 
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(fT - X'y)n{r,y,z) = j x,y,z)u{l,ri,Vi<U(hd" 

and since is a symmetric function it can bo satisfied for tbo I’cal 
values of \ whioii are given by the transcendental Cfjuation 



The values of \ have a point of condensation at \/ Tlic special 
assumption (3) is probably not necessary, as tlie values of \ for wliich 
(2) can be satisfied will also obey a law of the typo required. ‘ The 
properties of the more general equation (2), however, have not been 
thoroughly investigated. 

Fredholm’s theory of the spectrum has been developed by Schaefer,* 
who obtains a dispersion formula by introducing a forced vibration with 
an :??-componont of the type 

== cos 111 . 


This loads to a non-homogenoous integral equation of the type 

3!,)j,z) u{i,^h':)ildhnK 

where 

1 

tr — 

and Schmidt’s expansioii theorem gives 


, V.. 




n{x,y,z) =^p . 'U{x,y,z) + yp ,i - 1 1 ^ 

whore 

1 ^ T.2 

, — orT," — ^TT-f) 

being a fundamental period of vibration and fi tlie density. 15y 
introducing an assumption of the form 

Dj. = cos nt[ri{x,y,z) + 




for the .^-component of the dielectric displacement, and supposing that 
\J(x,y,z) does not vary appreciably over the region of integration, 
Schaefer is finally led by moans of Maxwell’s equations to a dispersion 
formula of tl)C typo 

= J + rji2 


whore v is the refractive index, T. a natural period of vibration, and T 
the period of the external force. 

Another application of an integral equation to the tlicory of the 

‘ nnn. d. Phymh 190J), IM. 2.S, p. 431 ; 1009, m. 20, p. 71.“,. Scliaofer .sinipli/ia^ 
tlie work by considering .m .analogous problem in one dimension. 1 1 is analysis i? 
applied here to tlie Ihree-dimcnsional problem. 
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spectrum where use is made of- a model atom in whicli (dectricity is 
distributed ovoi- concentric spherical shells lias lieen made liy Jeans.' 

The applications of integral ecpiatioiis to the tlieory of the spectrum 
are at present in their infancy ; but there seems to be a very promising 
. field of research in this direction. ' It is possible for an integral 
ccpiation (or a set. of linear equations with* unknown quantities) to 
give an account of band spectra and continuous spectra. If matter is 
discontinuous it is probable that Ililberb’s theory of quadratic forms 
and linear equations in urn infinite number of ‘variables should bo of 
primary^mportanco. In this connection it may be mentioned that the 
general expansion tlioorems for singular integral equations obtained by 
Hilb and Weyl seem to suggest a general dispersion formula of tbo 
typo 

CO IM. /"r(\)d\ 

- J '■ qia 

which would be applicable when band spectra or continuous spectra 
exist. In such a formula tlie function Y{\) may be zem for a number 
of intervals. 

T1 u> fact tliat a larjjjo niimbor of typos of integral equations or linear 
eqwitions iti nii iniiiiitc nunihcv of unknown quantities may bo leplaoed 
by a homof'oneoiis integ/ai equation of the form 

h 

I '/(s>0 — = 0 

may be of some intercst*in connection with the existence of different 
series of lines in tlio spc ctium of an element, for it is known - that in 
many cases the value's of A for wliich an equation of this type can bo 
satisfied arc th(‘, loots of a set of functions /ti(A), ^^i^d it is 

])Ossible^ tliat each of tliCsC functions may lie associated with a series 
of lines in the spectrum. 

The study of integral equations of this typo promises results of 
soni(3 interest. Jt may bo worth wliile to investigate the changes which 
occur in the values of the roots wlien a parameter 6, on which the 
functions (/(s,/) k(s,t) depend, suffers a small change The results 
would probably have some application to the theory of the effect of an 
increase of pressure or tcmx>erature on the lines in the spectrum. 

With regard to the otlier pliysical applications of "Fredholm’s 
Q(]uation, it niay be iiiontioned that Poincare** has treated some 
problems in the (liffraction of Hertzian waves, and W. II. Jackson has 
shown that a problem in the theory of radiation considered by Schuster 
may bo reduced to the solution of Fredholm’s equation. Applications 
of Fredholm’s equation to the theory of the tides have been made by 

* ‘ ThoJVTechanism of Uarliatlon* (P/iil. Afag., scr. G, vol. ii., p. 421). 

Mens. Maih., April 1910. 

® Corn2)tesrendus.VM)tt.li^,l).A\'i\ Le:turcs at Gottingen^ 1909; Teubner, 
Leipzig, 1910. 

^ Unll. Amer. Math. Soc., 1910. 
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Bryoii Hoywood ^ and Poincar^/^ while the applications to problems in 
the conduction of lieat are very numerous. 

Lord Kayleigli “ has obtained an integral equation of the first kind 
when studying a dynamical problem in illustration of the kinetic 
theory of gases. He considers a number of equal masses whicl) are 
not free to wander indefinitely, but are moored to fixed points by similar 
elastic attachments so that they perform vibrations of a certain type. 
Let r be some quantity by which the amplitude of the vibration is 
measured, and suppose that the number of masses >vhosc component 
velocity in the direction of the axis of x lies between u juid dxi iij 
represented by 

where ^ is a known function, \vhich depends upon the law of vibration. 
Tber if x(r)dr denotes the number of vibrations forwhicli r lies between 
r + dr, the law of distribution of is given by 

If this law of distribution remains pennaiienb wlicn there are collisions 
between the different masses, we must, liave 

and the problem is to dotci’inine the la\v of distribution of the ampli- 
tude - i.r,, to determine x0‘) ' that/(//) insiy have fin’s value. 

Lord Rayleigh considei’s in ]iarticular the case wlien zf— /’ cos 0 and 
all angles 0 are equally likely. The integral equa:ion is then 



and is of Abel’s type. The solution for 
is given by 

x(r)=:iN/ire^ 

28. Non-lincar Integral Equations, 

The method of successive approximations has been appli(?d to th» 
study of non-linear integral equations by Block,* Orlando,'^ d’Adh6mar^ 
Schmidt,^ and others. The method indicates that the solution of an 
equation of the typo 

* TArntf, 1908, Paris ; Liouville’s 1908 

Jieet^iTcs at Gottingen^ 1909; Teubner, Leipzig, 1910. 

® Phil, Mag., 189i, vol. xxxii., pp. 424-45. 

* Arldr for Math. u. Phys., 1907, Stockholm, Bd. 3, Iliifie 3-1. 

* Pend. Lhicei, 1907, vol. xvi., 2nd ser. 

® Pull, de la SocivU. Math, de France, 1908, t. xxxvi. 

^ Math. Ann., 1908, Bd. 05. 
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/(a!) + xJk(a!,j/)P{/(y)}% = G(a;) ... (1) 

is unique for values of X whose moduli are sufficiently small,. but the 
equation appears to possess a * band spectrum ’ for values of X whose 
moduli are greater than a certain number. 

Equations of the type 

b 

f{i') = *(.c) +X + I>^^fj{x,y,z)f{y)}[z)dyd3 + . (2) 

a an 

are of considerable interest, partly on account of their connection with 
Volterra’s expansion theoi-cm for functions which dcnend on other 
functions and partly for tlieir connection with non-linear differential 
cvjfuation.s. Th(3ie appears to be an intimate conneetvon between e(^ua- 
tions of tlw fonus (1) and (2) because a non-Jin(3ar di/tei-en fcial equation 
may be reduced to either form by employing different artifices. For 
instance the equation 

is reduced to the form 

y{x) = |G(a:,i)[x {?/(/)} « + g{t)]dt 


by using a Green’s function of the differential equation ^ ^ = 0. 

CiX 

also reduced to the form 



It is 


Examples of this typo may of course bo multiplied indefinitely. For 
the purpose of studying equations of type (1) it is convenient to consider 
some well-known equation such as the pendulum equation 

^ J + ¥ sin 7 / = 0 

reducing it to an integral equation of type (1) by the first method. 

For a discussion of the properties of equations of type (2) we must 
refer to Schmidt’s memoir. 
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A Befort on Solubility. Part I. By J. Vabgas Eyre, Ph.D. 

[Ordercid by the General Coiuiniltee to be i^rinted in extenso.] 
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I. iNTKOnrCTION. 

This ropoi’t is llie. oiitcoiiio of a sysloninlic. sliidy of llio litornlm’o 
bearing on ilie qiiesfion of Ibo solubility of sij])stnnees in general; llie 
material is classified clironologically and according to subject; and con- 
iains a brief staicinent of llie main conclusions arrived at l)y tlic various 
authors. 

From almost the earliest times to the ])resont ilie solubility of 
substances has formed the subject of scieiitifie ir.quiry; a vast amount 
of work lias been recorded and many contliciing oj)inions Jiave been 
from time to lime advanced. ])u])lishcd data were collected by 

Slorer (1804) to form tbe first l^ictionary of Solubility; tlio later 
adniiniblc compilations of (^omey (I8tM) and Seidel (It)OO) liave brought 
this part of the subject well up to date. 

The importance of the study of solubilily is to be emphasised; 
indeed, there can be little doubt that the time is not far distant when 
determinations of solubilily will be more generally recognised as indica- 
tive of the reactivity or condition of saturatifm of substances. In 
view of this conclusion it was deemed desirable to classify all the 
published work of general and theoretical interest, not only to show 
the present position but to iiidicate more clearly the direction future 
work on this subject should ta*ke. 

Classification of work that has been carried out with so many dif- 
ferenr, substances and under very divers conditions presented consKderablc 
difficulty, more especially as the space to ])e. occupied by this report 
was small. The scheme of classification adopted is the result of an 
attempt to avoid repetition and cross references as far as possible, and 
to make the report quite brief. 

In compiling this report the original papers have for the most part 
been consulted, but with so extensive a literature it was not always 
possible to do this. All references are made to the original papers. 
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For convenience of publication it was deemed dc'sirablc that this 
report be divided into two parts, the first part to record work published 
up to and including 1895, the second part up to and including 1910. 

II. Methods of Determination. 

The rapid advance made in the construction of scientific apparatus 
within recent years has necessarily detracted much from the value of the 
early work on solubility by enabling a far greater degree of accuracy 
to bo obtained at the present time. 

It is, however, to be lamented that notwitlislanding most skilful 
manipulation and the use of improved apparatus, some of the more 
recent published work loses in value from the fact that no detailed 
description is given of the method employed to oi)t;rii the results 
j)iihlished. 

The purpose of lliis section is not so much io give a coni])lete record 
oi the various inelhods employed for defermining the solubility of 
£Uiy ])arliculnr suhsiaiico, but ratliei* to iudicafe tlioso of grealer interest, 
and more especially to emphasise Ibe im];)ortanco oi doscnbiu^ 
method used so that the value of the results of work on this subject 
may be properly judged. 

A . — Solubility of Solids. 

The records of work to elucidate the phenomenon of solubility 
carried out prior to the middle of the nineieenth century are possessed 
only of historical interest. 

n Poggiale'^^ made particular mention of the, difficulty in 

obtaining perfectly saturated solutions. 

He made use of the following two methods given by Gay-Lussac: — 

(1) Gradually heating water with excess of salt. 

(2) Cooling a hot saturated solution. 

Tie ‘ Stated that both these mctliods arc valid })rovidcd always pre- 
cautions are taken to shako the mixture repeatedly at constant tempera- 
ture for about three hours. The solubilities were estimated by evapo- 
rating and weighing the residue. 

^ In reviewing his previous work* Kremers^^ found that his 
values, obtained by allowing a hot saturated solution to 
cool to the room lemperaiure and immediately taking a sample, did not 
agree well with those obtained either by Gay-Lussac or by Poggiale; 
he attributed tliis to his solutions being supersaturated. 

Ho made a fresh scries of determinations, allowing the hot 
.saturated solutions to cool to 0® C. and then immersing them in ice 
for prolonged periods with frequent shaking, and found that after one 
hour the composition of the solution did not alter, even after standing 
for ten hours. 

From this he concluded that supersaturation may be avoided by 
shaking for one Ijour at constant temperature. He repeated his previous 
work making use of this method. 

♦ Pogg., 94, 256 et aeq. 
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1872 Keightley found higher values for the solubility 

of sodium and potassium chlorides, nitrates, and sulphates when 
obtained by the method of cooling than when water was saturated with 
the salt at the required temperature. 

In the-sanje year Oudejnans lamented the discordance of many 
results recorded for the solubility of substances, and pointed out where 
many errors arose, particularly the diflicuHy in oblaining a perfectly 
saturatectsolutiou. 

1875 supcrsaturatioji LimprichL found it necessary to 

‘ '*"• allow the solution to stand in a cellar lor several weeks at 
constant temperature. 

Victor Meyer showed tliat the same end could be rapidly attained 
by placing a large test-tube ccjiitaining a hot saturated solution in a 
bath and stirring until the solution and the bath were at the same 
temperature, allowing to stand for two lioui’s and again stirring before 
filtering off a sample tlirough a dry Tilter, the Icrnperature being recorded. 

Tho estimations were carried out by cvaiiorating 10-^0 c.cins. of 
solution. 

lie jilso desenb(‘d an apparatus-'''’^ for enabling a solvent to bo 
saturated and tlie solution filter'd into a j’eeeiving vesst*!, llie whole 
operation being carried out in the vai)our of some constantly boiling 
liquid. 

An exact method of determining solubility was next published by 
Lajonx.^^ The solvent was heated with the substance to the required 
temperature, and a portion of the solution taken by means of a 
jacketed syjihon fitted with a filtering plug of cottonwool. ^ 

1879 Koehler modified V. Meyer’s apparatus, so that tlic whole 
operation, including filtration into an cmjity vessel, could be 
carried out beneath the surface of the liquid forming the bath. 

Jlannay and JlogarUi^'^ used a modified form of Andrews’ 
iooU. for their work on the solubility of solids iti gases. 

1 Dg Coppet used a completely enclosed copper baih with 

^ glass w'indow's on two sWes, cont aining 1 8 litres of glycerine. 'J’lie 
temperature W'as kept w’ithiii ± O^'l 0. by using the expansion of tlie 
entire mass of liquid in the bath as a therinorcgiilator. l^or tciiqiera- 
ture.s below 0° saturated solutions of salts took tlie jdacc of the. glyceriiu'. 
Nino boiling-tubes W'ere liermelically fixed in the top of the bath, three 
of which w^crc used to read its teiniierature. The remaining boiling- 
tubes were closed with corks through each of whi(’h passed (1) a 
thermometer, (2) a stirrer, (3) a shoi-t tube and rubber compression 
pear, (4) a syphon through which, by compressing the pear, a samplo 
of clear solution v/as ejected witlioufc loss by evaporation. 

The solutions were stirred for at least two hours before allo^^ing to 
settle. 

Nicol described a bath and thcrmorcgulator by means of wdiich ho 
reduced the temperature variation to 0^*05 at 20° 0. 

For each detennination two boiling-tubes were used, con- 
taining salt and water and supersaturated solution respectively 
After being stirred for twenty-four hours by a current of moist air, the 
♦ VicTo Trans* Royal Soe., 1809, X69, 683. 
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tubes were closed by corks fitted with a short tube and a long sypboh 
tube the end of which was covered with a piece of cambric to serve as 
a filter. After two hours, samples were ejected by blowing througli 
the short tubes. 

Tilde^i and Shenstone determined the solubility pf salts at high 
temperatures by enclosing salt and solvent in specially constructed 
metal tubes, which were heated to the requisite temperature for four 
to five hours whilst resting in a slightly inclined position. •The end 
containing the solid was then gradually raised, causing the liquid to 
drain from the solid and collect at the other end of the tube. 

In carrying out work at low temperatures Elard employed methyl 
chloride for the bath. He always detei’inined the solubility at the 
highest tenqx'rature the thermometer indicated, recognising that any 
lowering of the temperature would cause supersaturation. 

188o Ouihric determined the solubility of salts'in fused sodium 
nitrate by adding small quantities of the salt, tlic wliole being 
well stirred until no 7nore dissolved. Tho inass was then allowed to 
cool slowly to allow excess of added salt to seY)avate ovvt*, lUeu t\\c 
liquid was poured on to a cold slab and a/ialysed. 

18SG temperatures alxmt 100*^ Alcxrjeff sealed crj’stals in a 

tube with water and heated until almost all the crystals were 
dissolved. The tube was then cooled until the remaining crystals 
b('gan to grow in size, the temperature at which this occurred being 
taken as the saturation tcinporature. 

For temperatures between 250P-45(P pAard used a bath of 
looJ. ^ fuecd mixture of sodium and polussiiim nitrates. Salt and 
water were scaled up in 1 hick-walled glass tubes (7 mii]. by 15 cm.), 
and the temperature was observed at which the last traces of salt 
disappeared. 

1890 means of an electrically arranged gas cut-off Meyer- 

lioffer maintained the temperature of his tlioriiiostat to O^T ; 
in thisAvork the thermostat liquid was not stirred, but tlie solvent and 
solute were stirred together in a vessel Supported in the middle of tlie 
bath. The saturated solution was taken up by means of a warmed 
Landolt pipette, and was analysed by titi’alion. 

Riecker and van Eevonlor used Victor Meyer's method {vide tliis 
section, 1875), modified so that the entire operation, including taking tho 
sample of saturated solution, was can^ied out under the surface of tho 
thermostat liquid. 

Tho saturated solutions enijiloyed by Noyes were 'obtained by 
shaking the solvent with e.xcess of solid for several days in a thermostat. 

Kohlrausch and Rosc^^^ calculated the solubility of very 
sparingly soluble salts from measurements of the electrical con- 
ductivity of the saturated solutions. 

When determining solubility at higli leinperatures Ptard^^'^ 
1S94. ^ glass tube bent to an angle of 120^ and constricted at the 

middle. Balt and water were placed in one arm and the tube sealed. 
After heating at a fixed temperature the saturated solution was allowed 
to run into the other arm of the tube, and when cooled was analysed. 

Goodu’m calculated tho concentration of one ion in saturatetl 
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soliiiioijti of so-called iiisolublo sails from incasureiiicnis of E.M.F. ; 
and, assuming the salts to bo completely ionised, lie calculated their 
solubility. 

II. B . — Solubility of Liquids^ 

Draper determined the solubility of ether in solutions of hydrogen 
chloride by adding a given quantity of ether to a known volume 
solvent in a graduated, stoppered tube. After shaking briskly 
at intervals for an hour at the required temperature in a bath, the two 
layers were allowed to separate and the volume of ether remaining nil- 
dissolved was read off. 

1878 method w'as also employed by Schuncke but the 

precaution was taken not to allow the excess of solute to be 
more than 0‘3 cc. 

Konowatoio placed the two liquids in a tube and shook 
together in a bath at constant teiiiperalure ; the resulting layers 
were analysed. Volatile liquids were scale<l up in bulbs with tubes so 
that after saturation, tl\e points of the tulles being broken, tbe two 
layers were collected separately as they llowed out. 

1882 Alexejeff''^^ weighed quantities of the two liquids into a tube 
which was then sealed up and healed until a homogeneous mix- 
ture was obtained. The tube and contents were then slowly cooled and 
tlie temi^eratiire indicated when turbidity first occurred was regarded as 
the temperature at wliich llie liquids were mutually soluble. 

. Guthrie sealed up weighed quantities of tri-elhylamiiio 
' and water in a graduated tube and estimated their mutual 
solubility by measuring the volumes of the two layers at different 
temperatures; also the temperature at which a homogeneous mixture 
resulted. 

1890 method employed by Doyrr vide this Section C, 

1895 Bancroft investigaied the misci])inty of ternary* mixtures 
by ])lacing a certain quantity of one liquid in a test-lube and 
adding small (luaiitities of the oilier two licfiiids from burell'es until the 
mixlure was lioniogeneous at a delinite temporal u re. 

II. C.—Soliihdily of Cities, 

Bunsen s specially constructed absorptomeler adniitled of a 
measure being made of the volume of gas dissolved by shaking 
‘ together known volumes of gas and solvent over mercury in a 
eudiometer tube surrounded by water; the temperature of tlie water was 
read at the end of the experiment. The absorption coetficient of 
oxygon was found by passing a stream of air, free from ainmoiiia and 
carbon dioxide, ilirougli water, analysing the gas expelled from the 
Saturated solution, and from these data and the absorption coefficient 
of nitrogen, that of oxygon was calculatod. 

Corius passed the dry gas tliroiigli the solvent contained in a flask, 
through the cork of which passed a lliermonieter and two tubes dipping 
into the liquid, also a short tube to allow unabsorbed gas to escape. 
1910. i'' 
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TJie two long tubes were respectively used to admit gas and to syphon 
ulT samples of saturated solution. 

In the case of the more soluble gases the specific gravity of the 
solution was determined and the expansion due to the absorbed gas 
allowed for. The gases were estimated by chemical methods. 

Fernet measured tlie volume of the gas to be dissolved over 
mercury in a eudiometer tube which was surrounded by water; the 
absorption was carried out in a separate vessel, also kept in a< water- 
bath, and which could be connected with the eudiometer. 

When determining the solubility of amnionia Carius j)assed 
ioob. 1^1 llii-ough water contained in a tube constricted and blown 
into a small bulb. At saturation, the bulb was closed by a rod ground 
to fit the coristrictio 1. The liquid above the constriction was then run 
out and tlie bulb dried and weighed. The volume of the bulb being 
known, the weight and specific gravity of the solution were simul- 
taneously determined. 

Roscoc saturated water with a mix! ure of hydrogen and chlorine and 
Compared the amount of chlorine dissolved with that which would have 
been dissolved if the gas absorbed was proportional to its partial pressure. 
.. Boscoe a7ul Dilhnar used an absorption bulb having the inlet 

looy. twice bent and joined to the bottom of the bulb, the outlet 

tube being joined to the top of the bulb ; both tubes were constricted to 
facilitate scaling off. The bulb was half filled with water and immersed 
in a water-bath, and gas passed through, either under ordinary or under 
increased jjrcssurc. Wlicn saturation was reached tlic stream of gas 
was continued for thii^ty minutes, tlieii the apparatus was closed by a 
rubber tubing and pinch-cocks, immersed in a freezing mixture, and 
sealed at the constrictions. After wcigliing, the contents of the bulb 
were analysed. 

For determinations under jcduccd pressure a small flask with con- 
stricted neck was paitially filled with a solution saturated at a lower 
temperature, and joined to a manometer tube dipping under mercury. 
By heating the bulb gas was expelled ard displaced the air in the 
manometer. When sutficient gas had been driven off the flask was 
cooled and placed in water at the required temperature; the mercury 
rising in the manometer. When cquilibrivm was attained the pressure 
was observed and the flask sealed at the constriction. 

Tliesc autliors ti-ied (hn’ius* method (ride this Section J85G), but 
found that it gave low results owing to the solution being open to tlic air, 
so tJiat tlie partial iuessure of llio gas was less than the atuio.splieric 
])rcssure. 


-p.p . Bohincl determined the auiounl of gas in a liquid by boiling 

ilio liquid In a eiidloinctev iiihc over niorcury and measuring the 

volume of the gas expelled. 

' fled thl Ihe nbsorption tube could be rotated in n bath of water. 

When determining the solubility of ammonia in water 
Jo/4. liaoult passed the gas through a known quantity of water con- 
tained in a flask; the out-flowing gas was passed through a U-tube, 
containing solid potash to retain water, and the absorption flask was 
placed in a well-stirred water-bath maintained at a constant temperature. 
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The apparatus was weighed before and after saturation, and the differ- 
ence gave the amount of ammonia absorbed. 

lS7fi Sclschenoff^^ used a similar method to tliat of Fernet, l)iit 
* connected the measuriiig and absorj)tioii vessels by a ilexible 
capillary of silver, so that the absorption bulb could bo shaken without 
disconnecting it. 

Mackenzie made use of an absorption tu])c divided into two 
parts by a sto])-cock and immersed in water. The lowei* part was 
filled with solvent and the upper part with gas at the requisite pressure, 
which was measured by a separate manometer. The stop-cock was 
opened arul the gas and solvent shaken together. The absorption tube 
was again joined to the manometer and mercury allowed to flow into 
the al)Sorption tube until the oi’iginal pressure was attained. These 
operations were repeated until no more mercury entered the absorption 
tube. 4’ho volume of mercury in the absorption tube, obtained by 
weighing the dry mercury, gave the volume of gas dissolved. 

To expel the gas from a saturated solution and at the same time to 
measure its volume lliifncr devised a special form of S])r(‘ngel pum]'). 
100.0 Wrohlrii'fiki'^^ described a foj*m of a))soi’plomekM* li(‘ used to 
' measure absorption coefTicitmts up to GO atmosplieres, th('. pi’es- 
sure being determined by means of an air-manometer. 

I Q. Bnozchoom, ])f!sse(l hydrogen cliloride gas into water at a 

iWl. temperature about 2^ O. lower tlian the linal temperature: tlio 
temperature was nlh)WC(l to rise gradually and then maintained within 
0^.1 C. for fifteen mimilcs. 

Lubarsch used a modified foian of Limge’s nitrometer to 
collect and measure the volume of gas expelled from saturated 
solutions by evacuation. 

Pcllersfyon described an apparatus for boiling out and measuring 
the volume of a gas in solution. In the liands of Pettersson cnid 
Sonden this a[)paratus gave*, veuy concordant results. 

In passing gases tlirougli liquids, Wwldcr^'*'" measured tlio height 
of the level of solvent above the end of the inlet tube, and added lialf 
the pressure due to this height to the barometric pressure to obtain 
the partial pressure of the gas. 

Tim of e jew gave a detailed description of the use of an appa- 

lovO. similar to that employed by Fernet (vide this Section 1857). 

Doyer measured the quantity of dissolved substance carried out 
of solution by a known volume of air passed through ihc solution, and 
from this calciiiated the partial pressure corresponding to a given 
strength of solution. The absorption coeffleionts were found by this 
means for gases and also for substances which are liquid at ordinary 

temperatures. 

A differentia] absorption appara t us was described by Bohr QOd 

IKJV. ill wliicli Uio nicasiii cinciiL til llio parlial prc-’.ssurc of 

the gas was directly determined, independent, of the vapour pressure of 
the solvent. By this means absorption coclTicients tvere obtained witli 
increased accuracy up to 60® C. 

iQor Holst passed carbon dioxide gas through, or 

added solid cai’bon dioxide to water contained in a flask. The 

r r 2 
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amount of gas in solution was found by weighing the whole and making 
a correction for the gas un absorbed. 

III. A . — Physical Nalure of Solvent. 

By far the major portion of the work publislied on tlie subject of 
solubility has reference to cases wliere water was tlie solvent used. 
]\rore recently, however, it has been recognised that a true explanation 
of the phenomena of solubility will Ix) more readily arrived at from 
a study of the behaviour of su])stanccs towards solvents in general 
rather than towards water or any other solvent in particular. 

There run he little flouhb Hint sohi])ility i^benoinena involve the 
recipiwal interaction of solvent and soluic, be such action physical, 
chemical, or physico-chemical in nature, h’or this reason an attempt 
has been made to classify under this section. A, woik relating to the 
iiitluence of the physical nature of the solvent, and B, the influence of 
the chemical nature of the solvent on the sohi])iliiy of substances. 

Dalton^ announced that the total 2 >rcssure of a mixture of 
" gases occupying a given space is the sum of the partial pressures 
exerted by the constituents of tin; mixture. G’bis means the solubility 
187G. ^ another gas becomes simply a question of admixture. 

1 qnq Some deviations from this were, however, observed by Andrews 
and also by Hcynaull 

The 2 )benomonon of a solid dissolving in a gas was examined by 
llantwy and llorjnrtJH^ ; they employed the suljduir halides as solutes 
and tlie solvents used were alcohol, ether, carbon bisulj)hide, Ac., kept 
well above their critical temperatures. 

They carri(‘d tliis work further, making use .of potassium 
1880. iodide and cobaltous chloride dissolved in alcohol vapour at 
300-320® 0. From their results it appeared that the absorption 
s])ectrum of a substance dissolved in a gas was ju’actically identical with 
tlic absorption speetrum of that substance when dissolved in the liquefied 
‘^as. 

Although Pain say threw doubt upon ibis work, suggesting that 
these authors bad merely <i]>servcd the phenomenon of solubilily of 
a solid in a hot liquid, the observations were substantiated by Lenicr.^^ 

The behaviour of partially miscildc liquids wrs most thoroughly 
investigated by Konmralow^^'^ tlie work embracing the influence 
' ^ ■ of pressure and tomperature on the mutual solubility of water and 
respectively formic acid, propylic alcohol, inclbylic alcoliol, and ctbylic 
nlcoliol. iSimilar woik on the solu))ility of one liquid in another 
(mutual solubility) was carried out by who found the 

‘ solubility varied with the cohesion : the gr(‘ater the cohesion, the 
gi’cater the solubility. 

^ CarncJJcy and, Thomson found a parallel relationship existed 
between the solubility of acids and of their salts which was not 
disturbed by varying the nature of the solvent employed; further, that 
the ratios of the solubilities of two organic isomerides in any solvent 
is very nearly constant, and is therefore independent of the nature of 
the solvent used. 

With certain solvents AlexejpfJ had previously recorded that 
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solutions of organic coinpouiuls BOiiiclimcs separate inio two layers of 
1389 '^Ijfferenfc concentration; these cases formed the subject of a 
theoretical discussion by lioozeboum,^^'- 
.1890. Walker deduced a relation between the solubility of a 
substance in any solvent and its heat of fusion. 

A comparison of the graphs which represent tlie solubilily 
* of naphthalene, triphcnylmethane, dipJienylaniine, and phthalic 
anhydride in carbon bisulphide, in hexane, and in chloroform enabled 
pAard to conclude that the lower the melling-point of the solvent 
the greater the solubility of a substance tlierein at any common 
temperature. His measurements of the solubility of na])hthalene in 
carbon bisulphide at temperatures a])proae]\ing the melting-point of tiiis 
solvent show tliat at that hnnperal ure (~- .ll5^) the solubility will 
l)ecoino zero. He showed the melling-point of the solvent was the 
inferior limit of solubility. 

ll'h?kler^^^ traced an empirical conneciion between the diminution 
of the absorption coefficient of a gas brought, about by a I’ise of lempera- 
J 894 and the corresponding decrease in the viscosity coeflicient of 

the solvent Thorp and Rodger criticised this conclusion, and 
from their discussion of the subject it would appear that for the same 
gas the diminution in the absorption coenicienl for any lemperaliii'e 
interval is approximately pro])ortional to the corresiionding <liminution 
in the viscosity coefficient of the solvent. 

As indicating the part played by the solvent in conditioning tlie 
dissolution of a substance, mention must bo made of PicAet's 
Jo Jo. observations on the volatility of otherwise non-volatile substances 
when dissolved in volatile liquids. At ordinary pressures borneol is not 
volatile in ether vapour, but when heated with eilicr to a temperature 
below its melting-point it was found to be completely volatile. 

This and other similar results obtained with lx)?’neol and etliyl 
chloride, and wiili other as solvent for giiaiacol, iodine, or phenol, 
a|)pear to support the contention of Ilaniiay and Hogarth tlwt solids 
dissolve in vapours. 

TTT. B. — Chemical Nalure of SotvrnL 

Kreniers made numerous solubility measurements witli the 
object of finding some existing relationship between the solubility, 
nalure of solvent, and tlie nature of the solute, but no statement of 
general apjilicalion was possible. 

The absorption coefficient of carbon dioxide in pure sul))hiirlc 
cicid was found by Setschenoff to be the same as in water, but the 
addition of water caused this value to decrease rajiidly to a minimum. 

Buiisiui * showed, in the case of alcohol and water, there was 
apparently no relationship between the solubility of a gas and the 
nature of the solvent, a conclusion confirmed by Gniewosz and 
WalfiszA^^ 

Woukoloff adversely criticised the conclusions arrived at 
1839. jjy Louguinine, Khanikoff, and Wroblewski, namely, that the 

♦ Vide Section IV. B, 1855. 
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!i))Sf)rption of carbon dioxide in water does not take place in accordance 
w illi Daltcjii’s law. 

Ifo i)ointed out that in this case chemical action probably takes place 
bet ween solute and solvent. 

J)t‘tenninati<)ns of the solubility of cai‘lx)n dioxide in carbon 
bisulpliidt' at various teniperalines show an a])proxiniation to Dalton’s 
law. Il(* publislu'd la(er the results of deh'rniinations made in 
cliloroforni. 

An imporlaiit j)aper by KUird^^^* furnished an interesting 
comparison of the behaviour of mercuric and cupric chlorides in 
various organic solvents; the solubility results werci plotted as functions 
of temperature; the observations ranged from --GO® to -f210®. Tho 
solvents employed W('i(‘ water, met hylic alculiol, (‘I hylic, alcohol, propylic 
alcoliol, ?.<Jo-bulylic alcohol, aceloiu', ac(»lic acid, othylic acetate, ether, 
and (‘1 hylic formate. 

(Ireat siinilaiity was obsc'rved in all ])arls of Ihe gra])hs i*ej)resenting 
ihe j-csults obtained with water, m(‘thylic and elliylli*. alcohols, the 
graphs for u-pro])ylic, alcohol and /.vo-biitylic alcoliol only being similar 
to the foregoing alcohols in the ri'giou representing temperatures 
above 40®. 

With the (‘xeeption of (;ther, (dhylic furmale, and ethylie acetate, all 
the gra])bs show distinct [.•oints<d flexui’e when mei’euric ehloride is Uic 
solute, hut with eupi-ie ehloi'ide the graphs appear as straight lines. 

Lohrij dr found that with hydrated magnesium sulphate 

and zim; sulpliate, methylie. alcohol as a solvent lies between water and 
elh\'lic alcohol. Similar j’l'sults to this wej-(‘ found by Delrpinr in 
the ease where ammonia was tlu* solute, the eoetheient ,.of solubility 
at 0® being for elhylic alcohol 200, for methylie alcoliol 425, and for 
water 8‘JO.* 

Mention must be made of Slriiirr's work on the solubility 
of hydrogen in aqueous sugar and salt solutions. It is significant 
lliat tlie^;.aUs giving greatest molecular effect in the more dilute solutions 
are sodium sulphate, magnesium sulphate,* ealeium ehloride, aluminium 
chloride, and jiotassium earhoiiate, all of which decrcaise rapidly in 
action as tlieir concentration is increased. Salts which produce smaller 
molecular lowering of the soluliility coetUcient of hydrogen arc sodium 
chloride, polassium nitrate, potassium chloride, lithium chloridt^, 
sodium nitrate, and also cane siigai*; all these deciease hut sliglitly as 
their concentration is increas(‘d. 

« 

IV. A . — Nature of the Solute — PhyaicnL 

Like his attempts to establish some relationship heUveen tho solu- 
bility of a substance and its nature with the nature of the solute (vide 
larA Section III. B), Kremers* endeavours to trace a connection 
between the atomic volume of the solute and its solubility were 
unsuccessful. 

Von Hauer considered the study of solubility afforded a 
* means of determining the isomoridious nature of salts with con- 
siderable accuracy. 

♦ This Value Is given by Sims, Anfi. d. Pharm., 118, 345. 
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- Tlio observations of Boiahaudran on the unequal growth of 

crystal facets when a crystal is kept for a long time in a solution 
slightly supersaturated, have considerable bearing upon the subject of 
the physical nature of a substance influencing its solubility. Observa- 
tions of a similar nature were made by Pfaiindler/^^ who explained tlie 
phenomenon of a crystal changing shape and not weight by a difference 
in the energy of vibration on the various crysf nl facets, 
loqo Carnelley traced tlio influence exortod on the solubility by 
the atomic arrangement of isomeric carbon compounds (the sub- 
stance of lower m.p. being considered to be less syinmei rical), and came to 
the conclusion that the isomeridc of less symmetrical molecular structure 
was the more soluble. Examples of compounds of equal molecular 
symmetry having identical solubility were furnislicd by the researches 
1SS4 Leidio on the solubility of the tartaric acids ; whilst Tildcn 
’ established a similar relationship among inorganic compounds 
to that found by Oarnellcy — namely, that with isomorphous salts the 
most soluble was also the most fusible. 

A relation between molecular volume and solubility was observed by 
who adduced instances to show iliat a diminished molecular 
volume is attendecTby a diminished solubility. 

With the object of ascertaining whether the state of aggregation of 
a substance in any way affected its solubility, AlcxcjcfJ deter- 
' * mined the solubility of solid and liquid salicylic acid at one and the 

same temperature. In the liquid slate this acid was found to be more 
soluble, as also was liquid benzoic acid more soluble than the solid at 
the same temperature — results quite contrary to the views expressed 
by Gay-Lursac. ITe also found the solubility of a hydrate was always 
greater than that of tlic anhydrous su])stance. 

Bodies having similar melting-points wore stated by 
" ‘ Schroder to have very similar molecular solubilities; and ho 

used this relationshi]) for calculating from puhlisluxl data the molecular 
solubility of a series of inorganic sulphates, and also of their double salts 
with ammonium sulphate. 

When studying the conditions of equilibrium ])etweon a salt and 
water, Alexejeff (188G) noted the disturbing effect of the solution separat- 
ing into two layers of dilTcrcnt concentration. This question was 
1889. ilieorctically discussed by Boozehooind^^ but his conclusions 
were unsupported by any experimental evidence. 

Walker applied the thermodynamic equation dp/dt--= C/Tv, and 
equation pv — Bb, to solutions, and deduced a n'lationship 
' bctwecTi the solubility of a substance^ in any solvent and its * 
heat of fusion; it was suj)porled by experiments with p-tohndine 
dissolved in water. 

Assuming the latent heat of solution of a substance to be equal to 
1004 . latent heat of fusion, Lc Clialdier^^^ showed the following 
loJ4. reJationship may bo developed from established law of solution : — ' 

0-002 log S - = 0 

• t 

in which S = niol. cone, of diss. sub., L = latent heal of fusion, 
fp=the m.p. of di3s. gub., f=the solidifying pt. of the solution. 
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Aa will be seen, ibis equation contains no tenn relatiii" io ilio 
solvent, and the author concludes tliat the curve of solubility of a given 
substance is independent of the nature of the solvent. This prediction 
was supported by determinations of the solubility of salts one in 
another, salts being chosen which form neither isomorphous mixtures 
nor combine to form double compounds. 

In support of Walker’s conclusion that a substance in the liquid 
state when at a temperature below its in.p. would be more soluble than 
the solid at the same temperature, Bruner ' results may bo 
‘ quoted. He found the solubility of supercooled sodium thiosuh 
l)hate in aqueous alooliol was much greater than the solid at the aaino 
temperature. 


IV. B . — Nature of the Solute — Chemical. 

The earliest o])Scrvafion on tlio relation between the nature of the 
-orr solute and its solubility appears to be due to B/iu.scn who 
stated as a conclusion from liis work on the absorption of gases 
that the absorption coeflieicnt is dependent upon the natuj’e of the gas. 

g This was followed some time afterwards' by Bcrihelot and 
Jungfleiscli *fi statement of a rolationsliip they found between 
the coefficient of distribution (vide Section YL) and tlie chemical conq)o- 
sition of the dissolved substance. These authors remark liow ether 
more readily removes from aqueous solution (I) the more highly car- 
buretted of two homologous acids; (2) monobasic rather than dibasic 
acids of nearly the same ])erccnlage composition; (H) the coinpound 
containing least oxygen of acids which contain the same number of 
carbon and hydrogen atoms. 

An interesting comparison of the solubility at 0° C. of benzoic acid, 
-1070 f’alicylic acid, oxybenzoic acid, and p-oxybcnzoic acid was made 
' * ])y but no definite conclusions could bo arrived at. 

In tlw. same year Bourgoin'^^ traced the solubility-temperature 
curves of benzoic and salicylic acids; belov^ 40^ C. salicylic acid was 
found to be less soluble and above 4(P C. more soluble than benzoic acid. 

A large number of isomeric carbon compounds w^ere examined 
1BS2. }jy CarueUey,^^ who endeavoured to ascertain whether any rela- 
tionship existed between the solubility and the constitution of organic 
compounds (vide Section IV. A). Tliose possessed of greatest atomic 
symmetry were found to bo most soluble. 

-iQQo A conclusion similar to tliis was arrived at by Tilden^^ from 
a study of the melting-point and solubility of various inorganic 
'salts. Further work byTilden’®^ extended this rule to isomorphous 
hydrated salts having the same amount of water of crystallisation, in 
which case it was found that the order of sohibihty and fusibility of such 
silts was tlic same at all temperatures below the point of fusion or 
dissociation of the hydrate. 

The observation of Nicol on the relation between molecul.ar 
volume of a salt and its solubility {vide Section VII., 1883) was found 
by him to hold wliether the pomposition of the salt remained unchanged 
or not. 
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An exajiiinution of the solubiliiy of the acids of the oxalic 
^ scries was ( arried out by Henry, who ohsorvod an alternating 
variation in solubility ; acids containing an even number of carbon atoms 
being far less soluble than tliose containing an odd number of carbon 
atoms.* When classified in this manner it was noticed that each group of 
acids showed a diminishing solubility as the molecular weight increased. 

An investigation by Raupenstrauch of the solubility of the silver 
salts of various acids of the acetic series led this author to the conclusion 
that the solubility in general, as also the increase in solubility with rise 
of temperature, is always greater for the lower members of a homo^ 
logouB series. The salt of an f.so-acid was found to be more soluble 
than the same salt of the normal acid, allliough no general rule could 
be framed. 

1880 These results were, in the main, substantiated by a similar 
research with salts of acids of the oxalic scries carried out by 
Miczynslci 

-Qg- Scdlilzlcy studied the solubiliiy of vnrious salts of acids of 
* similar constitution — namely, /.so-valei’ie, meihylethylaceiic, and 
/.s’o-l)utyric acids — but was unsuccessful in discerning any connection 
between solubility and constitution. 

18BB l^^urther evidence was published by Carnclley and Thnnifion^^'^ 
in support of tlie connection previously (ViscoY(\rcd by them ho- 
tween solubility and fusibility (regarded as imlicaiive of molecular sym- 
metry), t They found this relationship existed noi- only among isomeric 
acids, but, with few exceptions, could be extended to their salts; tho 
general rule being that salts of the more soluble and moi-e fusible acids 
arc ijilso more soluble than the corresponding salts of the less fusible and 
less soluble acids. 

ifton important paper by Hoycr contains results of measure- 

ments of solubility coefTicients of ammonia and also of the amines. 
The values for the amines show an apparent lack of agreement ; however, 
this discordancy is noticed in their other j')}i3’sical constants, notK*b]y in 
the vapour tension measuremerils : — 


NII 3 38G\ 

r I Solub. 
CH,NH2 511^ 

Coeff. 

(CH,) 2 NH 230/ 


mi. 


CH, mii 


((ir,)2 NH 


53*7 


40-7 

90-3 


\'ap. 

fens. 


lftQ9 Roozchoom^^^ discussed the solubility curves of salt pairs 
* which form double, salts and mixed crystals — more especially for 
ammonium chloride and ferric chloride. 

It had been previously stated by TiC Cliatelier that of two hydi*ated 
forms of a substance, the one containing less water is more soluldo in 
water than the more highly hydrated form. This rule was called into 
(piestion by Kurnakoff, who cited several exceptions, notably 

• In 1877 Bacyer notioed a similar relationship between the melting-points of 
the acids of this series, those containing even numbers of carbon atoms having 
higher melting-points than those with an od<l number, tho melting-point of the 
former decreasing, of tho latter increasing, with increase in molecular weight, 
t yid^ Section JV, 
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amongst the ammonlo-mctallic compoiiiKls (chlorides and nitrates of the 
roseopontamine bases) — wlici-c the compounds MX.,,5N I F.,, lIoO are 
much more soluble (ban the corresponding anhydrous salts IMX^, 5 NII 3 . 

Tie also ma<le men I ion of (lie fact that organic anhydrides, lactones, 
oxides, are less soluble than the hydrated compounds. 

Other instances of the chemical constitution of a substance 
influoncinfi; its solubility may bo seen from a comparison of the sohi])ility 
1S04 ^ calcium, barium, and silver salts of the fatty acids. Tn this 

connection found certain fixed relations between the 

constitution of the acids and the solubility of their salts. 

For the normal acids (he relationship is simple; each substitution 
of a methyl group for hydrogen ])roducing a regular change in the 
solubility of the salt. In the cases of acids other than normal, altliough 
undoubtedly existing, the connection between constitution and solubility 
is not evident. 

looK ]"rom a study of the sidubility of various ben/eno derivatives 

' in water, Vauhd-^^* concluded the solubility of these substances 
is primarily conditioned by tlio presence of an amido-, hydroxyl-, or 
carboxyl- group. IFe also observed that the dissolution tend('ncy of 
these groups is weakened by such substituents as the methyl, bromine, 
iodine, or nitro groups. 

Tn the case of isomeric derivatives the incla- substituted compound 
has greatest and the para- substituted compound the least solubility. 
Carnelley and Thomson’s rule tliat for isomeric organic compounds the 
order of solubility is the same as the order of fusibility docs not hold. 

V. A (i) — Soluhilily in relalion lo Teinpcraivre. 

The fact that change of temperature intluenced the solubility of most 
substances was an early discov(U-y, but probably the first accurate study 
of this phenonumon is to be found in a numioir by (Jay-Liisaac.'^ 

' To this worker is also to bo attributed the formula expressing tlie 
solubilfiy of salts where the increase of solubility is proportional to the 
tempei-ature. Tn those cases where this pro])ortionality did not exist 
Knpp arrived at a mathematical expression connecting solubility 
and temperature. IFe also extendecl his work to cases wliere the 
solubility of a salt was influenced by tlio presence of another salt, with 
like base, and also with like acid- namely, KNO 3 with &c., and 

IxCl with BaCly, &c. This was followed by an extensive investigation 
by Pogfjkile,^'^ who determined the solubility of sixteen salts at 
IhTJ. of 10 ® C. ; from his results, however, no general con- 

clusion could 1)0 drawn. 

ViUnficn studied the absorption of gases in liquids, and in- 
Ihoo. |],o torna ‘ absorption coefficient ’ as indicating the volume 

of gas, reduced to 0 ^ and 760 mrn., which is absorbed by unit volume 
of a liquid at normal temperature and pressure. Ho showed the 
absorption coefficient was independent of pressure, but (except in some 
cases, as hydrogen, oxygen, and carlxin dioxide) depends upon tempera- 
ture and the nature of the gas.* 

♦ This work was carried further by Carius, who studied the absorption of 
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IBflG. Kremers^^ 22 continued work on the solubility of salts. In 

1857. followin'^ year a n)crnoir was published by Ahaschcff on the 
solubility of one liquid in another; ho was probably the first to 
ascertain that liquids only partly miscible at ordinary temperatures ai’o 
often completely miscible at higher temperatures. 

Shiis^^ examined the absoiplion of ammonia in water (vide 
^ ■ Section V. B) at various temperatures, and found that with ihsing 

tempei’ature the absorption more nearly approached the j^'quirements 
of Henry's law. Contraiy to the conclusion of Schonfield,* Ik* also 
showed that sulphur dioxide only obeyed this law above* 40^. Following 
the systematic study of solubility of salts in water carried out by 
18G4 11j(* above observations inadf* by Sims 

were sui)j)Oi’ted by the results obtained 'hy II A general 
18G5. (ixpression connecting solubility and lemp(*rature was pi*o])osed 
1(SG9 ^^y wlio observed how tlio solubility genc'rally 

increased dispi’oportionately with the lemp(‘ratm*e ; inci-easing 
niO?’e rapidly. 

Among other complicated relations bt*tween solii])iliiy and tem])era- 
ture Alrxpjpff found the so'lubility of aniylic, alcoliol in water 
decreased with rise of temperature, while* that of water in amylic 
alcohol increased with rise, of iemjK'i ature. 

» Scischoioff i’(*investigated the solu})ility of gases in li(juid.s, and 
obtained I'esults which W’cre not in agreement wdtli those recorded by 
1S80 > additiofial doubt w'as thrown upon those long recognised 

values by Nacenri and Pardlani.^^ 

1881 Frevious to tla.* work of Prcclil atul W'illjrn the S()hi])ilily uf 
salt ni'xturf'.s had been studied at only a small range of l(*m])era- 
ture.t Tlu*se invcstigatoi s found, among ot]u*r ijiter('sting ])oints, that 
b(‘tweon 1(P and lOCP C. the solubility of KCl in ])iesence of KySO.^ in 
water was practically the same as in ])urc wnit(*r. In dilute solutions of 
NaOl the. solubility of BaOlj, although somewhat depressed, incrc'ased 
with ris(} of temperature at almost the same rate as it does in waVr only. 
1 Q 00 ^b^l^cir continuation of tbis work,®* using mixtures of salts such as 
’ occasion double salt formation, gave results diilicult to intciqu’ct. 

Heterminations of the*, solubility of calcium butyrate in water at 
various tempei-atures wx*re made by //cc/z/.®- His results showed a 
solubility decrease as tiic temp(*raiure rose from (P to 05^, between 
(kjO and 80® the solubility was constant, aiul from 80® to lOO® it slowly 
increased with rise of temperature. 

Goodtvm'^^ studied the inlhiencc of certain metallic chloiidcs on the 
solubility of chlorine at various temperatures. Wrohlcivslci ®‘^ measured 
the absorption of gases by liquids at high temperatmes. Later on 
^qnq Coppelf^^ who experimented on the lines of Gay-Lussac, but 
' employed more dedicate means of maintaining a constant tem- 
perature, was led to the conclusion that when solubility values are 

ammonia in water (Ann, Ch, Pharm,, 185(5, 99, 120, and also 1»y oihers, footnote 
Section V. A, 1800). • Ann., 1854, 95 . i. 

t 1879. J. Schonach studied solution of Natl with Kfd at temperatures from 
0° to 100% but could obtain no simjdc malheniatical relationship. Vide Section 
V. 0 (iii). 
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ploMoil loniporalui’o intervals, aiiliyJi'ons salts give sti’aiglit lines 

while sul)siaiK*cs whicli conihino with water do not. 

The (rend of such sohihility lenii)eralure cin*\cs was followed hevond 
the usual teniperatui’o of experiment by Tihh-ii and SJnnislone/'^''^ who 
obtained distinct indication of a relationship b(‘iw('en the solubility and 
the fusibility of sulistances. 

1884 1^'urther work by Ihese authors cstablisliod tlie fact that the 
rate of increase of solubility at temperatures above 100^ follows 
the order of the melting-points of the sul)stances in question. 

Guthrie made use of ihese results, supplemented by his own 
observations, in considering the question of infinite solubility, and gave 
experimental evidence for such a stAte of things as a finite quantity of 
water dissolving an infinite quantity of salt. He was the first to observe 
the continuity of the solubility curve up to the melting-jioint of potassium 
nitrate. 

Pjtard determined the solubility of the halogen salts of calcium, 
strontium, barium, and several other metals between the freezing-points 
of their solutions and ]80^. He found the temperature curves were 
always sti-aight lines for a certain temperature interval (when solid salt 
is referred to total liquid and not to wale)*), and he regarded that straight 
portion as indicating tln^ normal solubility curve. Inllections in such 
curves wtu’c considered as being due to a change of ' state of hydrsition \ 
of the saltj nnd noi ns )(*prc*sentiiig the true soliibiWty curve. K\\ Wac. 

salts employed gave solubility values which were pro])ortional to the 
temperature. 

These conclusions were confirmed in a further publication,^®^ in 
which it was stated that in order to describe the solubility of a salt it 
was sutficiciit to give a point on the curve of deviation and to express 
Ihe straight portion of the grapli in terms of the equation S~a+hty in 
which — solubility, ^ --temperature, and a and h are constants. A 
third commuuication in tlie same year supported this opinion and gave 
constants for various salts. 

Chancel and Parmcnlier forjnd tlie solubility of carbon 
Job4. water rapidly diminished as tlie temperature rose, 

becoming nil at Ibe boiling-jKmit of carbon liisulpliidc, the lieliaviour 
under ebango of iomperature being that of a sulistaiicc wliich forms no 
chemical comblnalloti with the water. 

p, A year later they found that chloroform increased in solu- 
IBoo. fi’orji 0® to 30^, and decreased from to 55® 0. 

The solubility of certain salts in fused sodium nRrate (vide 
Clulhrie (sen.) was further iiivestigatocl by F. B. Guthrie, who 

found that tlie higher the temperature the greater the proportion of salt 
entering into fusion. 

A study of the relation between temperature and solubility of 
sparingly soluble substances led Le Chalclicr to important conclu- 
sions as to the thermodynamics of solution phenomena (vide Section 
V. A (ii). 

In the same year Haiipenstrauch made a study of the solubility 
of the silver salts of various acids of the acetic series, and arrived at 
interesting conclusions regarding the constitution of salts and their 
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]8SG oxalic acid series wore iiivcsiigaied 

from tills point of view by MiczynaldV'^ 

Tlie solubility of one liquid in another was studied by Alexcjcfj 
who found a regular increase in solubility with rise of tenipci-alure, 
provided always that no combination takes place between the two 
liquids, otherwise no such regularity was obsei-ved. ]Ie studied more 
particularly the increase in the mutual solubility of ]dieiiol and water 
as the temperature was raised to the ])oint of complete miscibility. 

1SH7 Sedlitzky deduced from bis own observations mathematical 
‘ expressions connecting temperature and solubility for various 
salts of iso-valeric, methylethylicacetic and i.s*o-butyric acids. 

A further publication by iStard^^^ was in substantiation of bis 
1888 formula, and contained constants for copper sulphate 

solubility graphs. This investigator found that above 
up to 190° the solubilities of jnost sulphates decrease with lise of 
temperature; a similar decrease was also observed with salts of cai’bonic, 
sulphurous, and succinic acids, but not with salts of monobasic acids, 
except thosi) of feeble organic acids. 

Roozchoom discussed the influence of temperature on the 
solul)ilily of double salts, and, in the following year, the s<jlu])ility of 
^‘y^trated salts in relation to temperatui’O. ' 11 is conclusions in 

the latter case weix* adversely criticised I)y Lc CJuitcUerj^^^ wlio 

cc.vdd wot \v’iV\\ \\ydv;\Vt‘d caXowwu e\\\ov\(\v' (C'vvt'V.,, i\\\ S^) \w\\\wg^ Iw’O 

diffei’cnt coohicicnls of solubility at llu' same tLMiqx'ial me. \V\umi \\ie 
solubility results wert* plotted this author found two distinct curves 
meeting at the ineliing-])oint of the hydiatc (CaCd^, Gll^O), one being 
the solubility curve of tlu^ hexabydrate in water, the other that of the 
anhyd»v)iis salt in th(‘- solution of hexabydrate. 

'Hie }-elation bet \ n ecu solubility of sails and their melting-))oiiils 
Tiext engaged llie attcaUion of Klard, who found willi many salts an 
inercaising soluhilily wiili rise of lemperalui’c' up to llic nifdtiJigq^oiiit 
of the anhydrous salt ; lawond this point a gi\eii (juaiilily of wfiter was- 
considered capable of dissolviTig an unlimited (juantily of salt. Shortly 
aflei'wards Ik* ()})iai?ied similar resulls ealeulai(al from nH'asiir(*menls 
of simultaneous solu})ility of sodium and potassium (dilorides. d lie sum 
of the salts dissolved between - 20° i\ and j 180° (\ b(Mng i‘(q)i’(‘scnted 

by a straight line Y ^ — 27*0 q O'OOGi?/, it was ealcuJated tlrit 

the temperature at the limit of solubility, or limiting tejiiperaturo — 
7.C., the pohit wdiere the amount of water has ])ecome ivduetal to zero — 
is 738°, wbieb is, curiously enough, apjiroxi'nali-dy the melting-point 
of potassium chloride. A confirmation of this was next published * 
togetlier witli the calculated coiiijxisition of the salt mixture (Nat'l and 
KCl) at 7380. 

In a similar manner, calculating fi'om the graphs represent- 
ing the. solubility of potassium iodide in water, the limiting tem- 
perature w^as found by extrapolation to be 037°, practically the melting- 
point of potassium iodide (6390). ^Vhen poiassimn bi’oniide is added 
to the solution of potassium iodide the sum of the tw'o salts in seduiion 
is equal to that of piii’c potassium iodide at the same temperature, and 
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at 637® it consists of a mixture of two-thirds potassium iodide and 
oiic-third potassium bromide. In a similar manner the sum of the 
solubility of potassium iodide and potassium chloride equals that of 
potassium iodide alone, and at 038® the mixture consists of 80 per 
cent. j)oiassium iodide and 20 per cent. ])otassium chloride. Potassium 
bromide and potassium cldorido in presence of each other show a 
similar beliaviour. 

Prom a study of the solubility of cupric chloride', potassium chloride 
conquMinds Mo{fcrhof[cv concluded that each individual sub- 

" ■ siniu n l)Ms ;i (.trinrUo soUd>iVUy \,on'.\U'rulurc' e\.\v\e. *, V\\e oi 

scdubility nt tho trnii^foniintion jyoint is considered to bo due to the dis- 
appearance of *hat individual substance from solution, of which tho 
curve Ix'comes c]ian<^('d. l\o()Zid}oom examined tho solubility and 
transition ]H)ints of the liydrates of thorium sul[)haic. 

It has lu'cn already lueutioned that more recent work * had thrown 
doubt on th(‘. values obtained by liinisni and his jnipils |- for the absorp- 
tion of by licpiids; this promptc'd Tiinojcjcw to rc-investigato 

the n'lation b(*tw('('n IIk* solubility co(*{llcients of oxygen, hydrogen, and 
carbon dioxide, i^c., in \vat('r, also in alcohol, and the temperature, 
and, contrary to tlu' ()bs(‘rvations of Bunsen and Chirins, evidence was 
obtairu'd of a tenij)eiat iin' coeflicienl foi* these gases. 

d'he solubility of hydrogen in water at temperatures between 0® and 
oO® was dclermiiu'd by Winhlcr : the. values found were in 
‘ ’ ' close agrei'iiU'ut with tiu^sc ])ublished by Timoh'jcw. It was also 
observed that the absoi’j)tion coellicient t)f hydrog(*n decreased with rise 
of tein])erature. A little lal(*r liohr and j)ublishGd fresh de- 

terminations of tlu' solubility of oxygc*n, hydrogen, ailCd nitrogen in 
water, together witli a fiutln'r verification of tho statement that tho 
solubility cf)onicient of liydi’ogc'U was not independent of the tem- 
perature. 

This was follow('d by another paper by WinhJerd^'^ in which ho gavo 
in tabi/lar form the fouiifl solubility vah^'s for nitrogen ami oxygen in 
water at t(*mperat ures ranging from (P to 80®, and the calculated values 
bf'tween SO® and lOO®, the n'sults here recoi’ded for nitrogen being 
considerably larger than those given by Bunsen. 

With the o!)jeet of gaining soiiie. knowledge of the state of salts in 
solution J?/urd not (uily followed Inc change of solubility as the 
temperature rose, but also the alteration of colour of the variously 
coloured hydrated compounds of cobalt iodide and chloride; although 
fd con.siderable interest, no conclusions of a general character were 
possible. 

In 'a paper, entitled ‘Theory of Solubility Curves,’ Van 
Bevenfer and Van rl. Stadt discussed how far it is possible to 
deduce a general law connect ing solubility and temperature. They 
discussed the differential equations given by I^e Chatelier and Van’t 

* this .Section, 1875-80. 

t In ;i paper on the a.])sorl>ing power of water for gases of tho atmosphere (Pet- 
tersson and Sonden, Ber. 1880, 22, 1439) is to be found a fairly complete record of 
the work of Bunsen and his iJUjiils on this subject, 
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Hoff, and showed that they are valid for sparingly soluble substances ; 
also that Roozehoom's equation holds for the more soluble salts. 

From his own experiments on the absorption of various gases in 
water, WinUer^^^ found the percentage decrease in the absorption 
coefficient between 0^ and 20° was approximately proportional to th (3 
cube root of the molecular weight of the gas.* 

Eise of temperature was found by Dclcyine to cause a decrease in 
tlie absorption coefficient of ammonia in metliylic and in etliylic alcohols. 

iS/ard found that the solubility temperature graphs for mercuric 
chloride in water, metJiylic alcohol, etliylic alcohol, and propylic alcohol 

vvW VcinOl Vo \A\GoV ?vV , V\\o ^ovA\]\^^g-Y»o\^^V o\ A\Aoroov\o o\A\oY\i\o. 

Making use of the method of least squares, llcnrick recalculated 
from Bunsen's data the temperature equations for the absorption co- 
efficients of gases. 

Roozeboom discussed the solubility temperature curves of salt 
pairs which form double salts and mixial crystals, more esjiecially for 
ammonium and feia'ic chlorides. Tlie isutliermal obtained in tins case 
is in accord witli the requirements of Gibb's phase rule, and rendeis 
possible a general suj*vey of the form of the solubility isotlun-mals. 

TJiis communication was followed by an account of a caic'ful study 
of the solubility of ferric chloride in water over a wide range; of teinpei’a- 
turo. Tlie graph representing his i*esulls shows four temperature 
maxima, which corres])ond to the hydrates X, 41 J.,(); X.oJI^O; XjTlIj^O; 
and X,J2fr,(). 

litard determined the sohdjility of na 2 )hthaIeMe triphenylmetliaiie, 
diphenylamine, and plithalic anJiydride in carbon bisulphide, hexaiuq 
and chloroform over the range of temperature from to +110-^. 

He found the inferior limit of solubility of a substance was the melting- 
point of the solvent. 

Ecsults of a somewhat similar natme to the above were obtained by 
1 QQO Schroder .This worker made use of /;-dibromben;iene dis- 
' * solved in carbon ])isulphide, benzene, mono})romb(‘nzenc and in 

ether: naphthalene dissolved in benzene, cliloi’obenzene, and in carbon- 
tetrachloride: and also ?w-dinitrobenzene dissolved in ))ej)zene, bromben- 
zone, and in chloroform. JTe concluded that the solubility of various 
solids ill different liquids is the same at tempei’atures equally renujvi'd 
from the melting-point of the solid solute. 

The solubility temperature curve of a substance is once again held 
by Pjtard to represent the locus of tlie inelting-])oint (jf mixt ures of tlie 
dissolved substance and the solvent. True solubilities are said to be ex- 
pressed as the amount of solute contained in JUO pai’ts of saturated 
solution, and not the amount which is dissolved in lUO jiarts of solvent. 

In the case of ether and water a curious tenqierature influence 
1S94. observed by Schunclce : the solubility of ether in watin- 
being found to be largely influenced by change of temperature, whenais 
in the case of water dissolving in ether the temperature influence was 
practically niL 

He also found the absorption of gaseous hydrogen chloride by ether 

• Tliis was adversely criticised by TJiorp and Jiodger.^^^ 
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nl)OVc 0^ lo bo a linoar fuiiotioil of llio ioinjHM’ahiro : bolow ibis ii was riot, 
iso : on Ibo oUicr hand, tlio solubility of othor in aqii(*oiis liydiogon 
chloride is appmxiinaioly inversely proportional to th(3 teni[)oraluro. 

Arclotcski^^^ dotenniiied the solubility of mercuric halides in carbon 
l)isulpliide over the range of temperaluro froin-l(P to +30^. The 
solubility temperature curve in each case consisted of two straight lines, 
the iX)intB of change of direction in these graphs lie on a straight lino. 

The solubility of the iodide was found to be greater than that of the 
bromide, and increases at a greater rate as the temperature is raised : 
the same is true of the bromide as compared with the chloride. 

A further communication-*® contained values for the solubility of 
ifxline in carbon bisulphide between -940 and +42^ 0.; the graph in 
this case being composed of no fewer than six straight lines connected 
by short curves. 

Although nothing very definite can be gleaned from Tioelofsen's 
measurements of the solubility of ])otassium hydrogen tartrate in various 
strengths of aqueous alcohol, it is of interest to find that as the con- 
centration of the alcohol becomes greater the solubility of the tartrate is 
less increased by rise of temperature : in 90 per cent, acpieous alcohol 
a rise, of temperature causes a decrease in llic solubility of tliG tartrate. 

pubJished a coui))ltde suiMiivary ot \us luorc veeonV, worV o\\ 

mhhiUty, and included the results of dctovniinniions of the solubility of 
sulphur in caihon bisulplndc, benzene, ethylene dibroniide, and in 
hexane. Except in the lasl-mentioned solvent, tlie range of temperature 
was from the freezing-point of the solvent to the melting-point of the 
solute. 

Later on he recorded tlie limit of solubility temperature for various 
salt mixtures: that found for AgNO, + KNO3 = 198° melting-point 
of AgNO.,) ; for 13a(X()3)j -\- BaCl, ^474° (llie melting-point of Ba(N03)2 ; 
and several otliers. The composition of tlie salt mixtures at these tem- 
peratures was also given. 

Etprd’s previous work on solubility of substances in carbon bisul- 
iQor pbide at low temjieratures Was called into question by 
Arcioir}<kL‘'^'^ The solubility ^\as JHil found lo become zero at 
the frcezing-jioiiit of llu*. solvent; ladtlier w(‘re the solubility tempera- 
ture graphs found lo tend to cut the temperature axis, but were 
asymptotic with it. 

It had been independently shown by Schroder and by Le 
Cliatelier'^^ that the solubility of a substance could be calculated from 
certain mathematical expressions. 

In the light of this relationship Lincharger discussed data for the 
solubility of .inorganic salts in normal organic liquids, but could not 
nicognisc the applicability of the expri'ssiori above referred to. The 
substanci's he usetl were mercuric chloride and cujiric chloride dissolved 
in elb.ereal sails, mercuric halides in caibon bisulphide, and mercuric 
chloride, cadmium iodide, and silver nitrate in benzene. 
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V. A. (ii ). — SohibiliLij in rclaiion to Heat of Dissolution. 

Lg Chatelier * jjublished a iiuithematiccil application of the laws 
luor cliciiiicul equilibrium to the case of the dissolution of salts in 
water. 1 fe showed the relation between the coeflicient of solu- 
bility of salts, their heat of dissolution at point of saturation, and the 
Leniperature could be approximately expressed by an equation. This 
conclusion was extended, and he formulated the general law that 
the solubility of a substance increases with rise of teniperaturc when 
the heat of solution is negative, and vice versd. 

Chancel and Parmentier took exception to this law, not 
1887 it to be of general applicability in view of their obser- 

vations on the relation between the solubility of normal calcium 
butyrate and calcium i.so-butyrate at different temperatures and the 
thermal behaviour of these substances on dissolution. In reply to this 
criticism Le Chatelier pointed out that the last-mentioned investi- 
gatois liad not measured the heat of dissolution in a saturated solution 
but in dilute solution ; by direct experiment he proved the heat 
of solution of hydrated calcium iso-butyrate in saturated solution 
to be positive, as is inquired by his law of equilibrium. This brought a 
reply from. Ckaiiccl aud Parniculacr.^^^ 

ill a ])ubricatiori entitled ‘ Deductions from Yan’t Hoff’s Theory ’ 
1881) found a discussion by Payliani of an expression for 

finding the heat of solution of a gas. 

1890 Ricclcer and Van Deventer found the solubility of copper 
chloride increased with rise of temperature, allhougJi this salt 
dissolves in much water with development of heat; in more concen- 
trated solutions, however, tliis process of dissolution is endothermic. 

A comparison of solubility and heat of dissolution led Tivio- 
■ fejew to conclude tiiat the molecular solubility of such sub- 
stances as oxalic, succinic, benzoic, cinnamic, and salicylic acids in 
methylic, ethylic, and propylic alcohols varies inversely as the heat 
of solution. ^ 

This was also found to be the case with cadmium iodide, mercuric 
chloride, and naphthalene in the same three alcohols. The ratio of 
the heat, of dissolution of one and the same substance in methylic 
alcohol to its heat of dissolution in ethylic alcohol was found to be 
practically identical with this ratio when ethylic alcohol and propylic 
alcohol were the solvents employed. 

The supposed general law enunciated by lie Cliatelier, connecting 
variation in solubility with heat of solution, was shown by Van 
18JJ. Pew d. Stadt to be of only limited applicability. 

Some interesting experiments were carried out by Pickering on 
the relationship between solubility, heat of vaporisation, and heat of 
dissolution. Liquid substances of known heat of vaporisation were 
dissolved separately in water, acetic acid and benzene, and their heat 
of dissolution calculated. 

This author published determinations of the heat of solu- 
tion of calcium chloride ; the results were plotted as percentage of 
GaClj against molecular heat of solution. 

1910. 
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Van Laar^^^ contributed a niatheiiiatical paper containing calcula- 
tions relating to change ol‘ solubility, heat of solution, &c. 

V. B. — Influence of Pressure. 

hVoin observations made on the solubility of the permanent gases 
1803. in liquids, Henry “ formulated the law that the solubility of a gas 
1807. liquid is proportional to the pressure of the gas used.* 

In a publication entitled ‘ Heat Disengaged in Chemical and 
1854. Molecular Attraction ' Favre and Silherman express the opinion 
that pressure only iidluences the solubility of a substance by 
virtue of an accompanying rise of tempcratin’c. TJi(3 of^inion expressed 
by Cai’ius Hint Henry's law held good for tlie absorption of ammonia in 
J859. ''"dcr was disproved by Uoscoe and Diltniarf”^ who showed this 
process to bo far more complicated than was supposed. 

^^()llcr^^ showed change of lu’cssure influenced solubility 

quite independently ot \x\\y •ivccoinpv.my'uvg \.e\v\\>e.vv\V>uve 
He foujid the sohihility of sodiutn chloride and potassium sulphate in- 
creased with increase of pressure, while sodium sulphate decreased in 
solubility as the pressure w^as increased. These results were verified 
1863 ^orby,'^^ who went further by showing a connection. between 

change of solubility by pressure and change of volume when the salt 
separated from solution. If the solution of a substance is accompanied 
by expansion, and the separation of the same from solution by coiitrac- 
lion, as in tlie case of ammoniuin chloride, then the solubility of that 
substance is decreased by pressure. Conversely, if, like sodium 
chloride or copper sulphate, solution is attended by volume contraction, 
the solubility is increased by pressure. 

1867. Khanlkof and Ijonyuinine^^ carried out measurements of gas 
absorption as a coulinuatiou of Bunsen’s researches, and con- 
»idered that the results were incompatible with Henry’s la\^^ 
Sims recorded experiments on the absorption of ammonia and 
sulphur dioxide which supported those obtained by Uoscoe and Dittniar. 
1 ^ Naccari and Payliani^^ detected an error in the work of 

^ ' ■ Khanikof and Louguiiiiiic, and used their results to show agree- 
ment with Henry’s law. Further work was publislied latei’ on to the 
same end. 

iftft/t l^turd^^^ determined the solubility of certain salts in closed 
° * tu})es at high temperatures, and found the ) esults were practically 

a continuation of those at ordinary pressures, concluding therefrom that 
the pressure influence, within the limits of his experiments, was very 
small. 

loor li(fOzehoom made an extensive investigation of the solu- 
lobo. jjjjiiy qi; hydrogen l^romide under pressures varying from 0 to 
760 mm., at six different temperatures; wdieri plotted, his results for 
each temperature form a series of similar curves, which are apparently 
parabolic. 

* In the case of ^gaseous mixturcH discovered that each gas dissolved 

in accordance with its own partial pressure. 
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1SS6 Pressure was regarded by Alexejeff as having no special 

' influence on the solubility of a liquid in a liquid. 

From a consideration of the influence of pressure in the light of the 
theory of mechanical heat, Braun supported Sorby's con- 
elusions by adducing mathematical evidence that substances dis- 
solving in their nearly saturated solution with development of heat and 
diminution of volume have their solubilities increased by pressure; 
conversely, substances which dissolve either with absorption of heat 
or with increased volume must be partially precipitated by pressure. 
Later on in the same year he published experimental verification of 
his conclusions. 

188Q WouJcoloff published an adverse criticism of the conclu- 
sions of Khanikof and Lou^uinine,* and also of Wroblevvski,! 
tliat the absorption of carbon dioxide in water does not take place in 
accordance witli Henry’s law. It is pointed out that this law only 
holds when no chemical action occurs; di‘terminntions of solubility (if 
(his gas in carbon disulphide at various (e]rip(*ratiires shciwod an 

>vox\i n ivVa oi'i \.o ' s A aw . 

The influence of pressure on the solubility of salts and other siib- 
1891 considered at some length by Van (hr Wnah,^^^ 

more especially, however, from the mathematical side. 

. An investigation by Konoimlnff showed the validity of 
^ ' TTenry's law for the dissolufion of carbon dioxide in aniline, rte 

also found the dissolution of ammonia in water at about 10(P C. only 
approximated to tins law. 

V. G. — Injlufnicc of other Substances. 

(i) Non-electrolytes influenced hy Non-eleclrolytes, 

With oxygen, hydrogen, and carbon monoxide Tjvharscli 
looJ. ^ minimum of absorption occurred in dilute aqueous 

alcohol at about the same concentration of alcohol as Muller found witli 
carbon dioxide; he suggested that other gases will behave similarly 
in this respect. 

It follows, as a consequence of Nernst’s hypothesis to explain the 
influence of a dissociated substance in solution on the solubility of a 
second dissolved substance {vide Section V. C (iii) ), that the presence 
of a non-ionised substance in the liquid should not influence the 
solubility of an ionised substance, provided such non-ionised substance 
is not identical with an ion of that which is ionised. 

Guido Bodldnder^'^^ subjected (his to the test, and, so as to 
1891. from dissociation phenomena, be considered the case of 

the solubility of sugar as influenced by alcohol. 

Using Schiebler’s solubility values lie found that in aqueous alcohol 
solutions less sugar is dissolved than in the corresponding quantity of 
water by itself. This difference increased with increased concentration 

W 

of alcohol. The expression ^ = const, was arrived at as giving the 

* Ann. Ch. Vh. (4), 11, 412. t 29. 

a a 2 
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solubility of sugar in dilute aqueous alcohol. (W = grms. water; 
S = grms. subst. dissolved.) 

The solubility of various substances, mostly organic compounds, 
such as p-acettoluidide, a acetnaphthalide, plienyliirea, Ac., in aqueous 
alcohol at 25^ G., was determined by Aniiischr^^ When the 
loJ4:. were expressed aa solubility graphs very complicated 

relationships were found which did not admit of avy generalisation. 

Holleman and Aniufich^^^ found that wlien water is added to 
alcoholic solutions of such non-electrolytes as benzoylphenylhydrazine, 
acetanilide, benzamide, Ac., the solubility of these su})stian(‘es increases 
to a maximum, then decreases {vide Section VIII.) 

V. C . — Influence of other Substances. 

(ii) Non-deetrolytes influenced by Electrolytes, and Electrolytes influenced 
by Non-ekctrolytes. 

Dalton ^ established the fact that a Wt^vud ahsorbwl eac-h coi\- 
stituont of a gaseous mixture as if the others were not present, 
thus obeying the law of summation previously found by him (vide 
Section III. A.) 

Probably owing to its bearing upon physiological questions, the 
absorption of gases by aqueous salt solutions formed the subject of 
inquiry at a very early date, and will account for the fact that the gas 
chiefly studied was carbon dioxide. One of the earliest recorded studies 
iftAO Pugenstechen,^ sliowing that a solution of sodium phos- 

a* phate absorbed more carbon dioxide than did water alone. This 
^ carried further by Marchandp"*^ and also by Liebig, 

1851. concluded that only a part of the gas dissolved as in water, 

1857. the remainder interacting chemically with the salt. Similar 
conclusions to these were arrived at by L. Meyer,^^ and in the 

1858. following year by Fernet*.^^ 

1861 Schiff^^ made a general investigation of the solubility of salts 
in aqueous alcohol, but could trace no relationship between the 
decreased solubility and the amount of alcohol added. This problem 
was attacked later by Gerardin^^ with but little better success, 

■ although he ascertained that the character of the solubility- 
temperature graph was the same for aqueous alcohol as for water. 
Working with calcium oxide and barium oxide, and ascertaining the 
solubility of these substances in aqueous solutions of carbon dioxide, 

Schloessing formulated the law that the values of the tension 

■ of carbon dioxide and the weight of bicarbonate in solution form 
two geometrical progressions of different roots. 

Caustic soda and caustic potash were found by Raoult^^ 

’ materially to decrease the solubility of ammonia in water; also, 
that ammonium chloride exerted a similar but smaller influence, while 
the presence of calcium nitrate caused a considerable increase of solu- 
bility. In all these cases the effect produced was proportional to the 
quantity of salt present in solution. 

* This work was continued also by Heidmhain and L. Meyer (1863).'^^ ' 
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1875. Selschcnoff carried out a similar research, as did also 
Mackenzie the former, however, went more deeply into the 
’ nature of the phenomena, recognising a rather marked difference 
in the behaviour of various salts; those which exerted chemical action 
on the gas, and those which did not. 

Prom his own results Sclschenoff concluded that the ab- 
sorption coefficient of carbon dioxide in pure sulphuric acid was 
identical with that in water; the addition of water caused a rapid 
decrease of this value to a minimum. These results he explained by 
assuming the absorption of carbon dioxide and the hydration of the 
acid to i)rocecd equally. 

In tlie following year Draper observed the non-electrolyte 
ether was more soluble in aqueous solutions of hydrogen chloride 
than ill pure water. 

.18(S2 found that chemically pure, dry methylic alcohol dis- 

solves anliydrous copper sulphate assuming a bluisli -.green colour, 
the addition of a small quantity of water to this solution caused the 
oi U\e colour and compleie precipitation of the copper sulphate 
as II blue liyclrated saW. 

Ammonia was found by Ciraud to be a very effective pre- 
cipitant of certain salts, notably potassium sulphate, which is 
thrown out of solution almost completely when the solution contains 
about 30 per cent. Nllg. Selschenoff continued his work on 
the absorption of gases in salt solutions, but the results he ob- 
iained, like those of liaouU (1874), were difficult to interj)ret because 
1887 gases used had some chemical action on the dissolved 

^ ‘ salt.*-® MiiZ/cr investigated the absorption of carbon dioxide 

188J. acfueous alcoholic solutions and found a minimum of absorp- 
tion at certain concentrations of alcohol; in this, and in other respects, 
his results were somewhat analogous with tliose f)reviously recorded 
by Setschenoff.*''’^ 

From a study of the absorption of carbon dioxide *in salt solutions 
Selschcnoff showed that vbe absorption coefficient of salt solutions 
is smaller than that of water, and follows Dalton’s law. He also came 
to the conclusion that a salt solution is a very weak chemical compound 
of salt and water. 

Nernst published an important theoretical discussion of solu- 
bility viewing this process as strictly analogous to vaporisation; he 
arrived at the conclusion that the presence in solution of a non-electro- 
lyte does not affect flu* solubility of another substance in that liquid. 
Evidence I’unning counter to this conclusion of Nernst was published 

1891 Dodliinder,^'^^' who found the solubility of potassium chloride, 
sodium nitrate, and jiotassiuni nitrate was affected by the presence 

of alcohol ; the relationship found for sugar and alcohol {vide 

Section V. (.- (i) 1891) was found to bold with fair approximation. 

1892 Wegner and a little later also Roelofsen,^'^ ascertained 
the inriu(;ncc of various concentrations of alcohol on the solubility 
of potassium hydrogen tartrate. 

Steiner determined the absorption coefficient of hydrogen in water 
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and in aqueous solutions of cane sugar and a number of salts at various 
conceiiir II lions. \V\\c‘n \\ls results were compared he was unable to 
discern any relationship between the various substances examined. 
Cane sugar appeared particularly active in diminishing the solubility of 
hydrogen in water. 

The general results are contrary to the requirements of Nernst’s 
theory, because tlie inoleeular lowering of the solubility coefficient is 
greatest for dilute solutions. 

The solubility of ozone in acidulated water was found by I' Abbe 
Mailfcrl to be the sajue as in pure water up to C. ; above this 
temperature it becomes greater than in pure water. 

1^05 f/o/d.s'c/i/ufdt discussed the question of the increase in the 
* solubility of a hydrated salt on the addition of a non-electrolyte, 
lie deduced theoretically an expression for this increase, and found it to 
be independent of the nature of the noii-eleci rolyte. When tested experi- 
mentally with senium p-nitrophenoxide in pure watei* and in equi- 
inolecular solutions of carbamide, glycerol, acetone, and several other 
substances, each was found to bi*ing about an equal molecular increase 
of solubility.* 

Furtlier results of solubility determinations of gases in aqueous salt 
solutions were furnislied by iiordonr'^'^ In this work nitrous oxide and 
solutions of the chlorides and sulphates of the alkali and alkaline earth 
metals were employed. ^I’he r(*sulls obtained by tliis worker, together 
with those recorded by SU'iner, were used by Jahn in arriving at an 
empirical law conned ing the solubility of a gas and the concentration of 
salt in solution in the solvent [vide Section VllL). 


V. a . — InJluencG of other Substances. 

^ (iii) Electrolytes influenced by Electrolytes. 

Kopj) was probably the first to institKtc systematic experiments on 

1840 iiilluence of one salt on the solubility of another where no 
mutual action look place. IJe found a salt decreased the solu- 
bility of a second sail. This subject* was more fully investigated by 

1841 bLdrslen,^^ who distinguished th»*ee cases in the behaviour of 
saturated salt solutions towards other sails. 

lore Pfaff‘‘^'^ studied the influence on one salt of the solubility of 
■ another in water — cojiper sulphate and sodium sulphate, mag- 
nesium sulphate, and sodium sulphate — and could detect no relationship 
between the solubility of a salt in water and the amount of it that dis- 
solves in water containing another salt in solution. The line of work 
taken up by Kopp and by Karsten was continued by Hauer,^^ 
showed, more especially in a later publicalion,^'^ that if one 
salt is added in sufficient excess to a solution of another salt, it 
is sometimes able wdiolly to displace the other from solution, provided 
the salts are isomorphous. 

♦ 'IMiis work was continued by Lowenherz,^^ who rx.iniined the inliuonce exerted 
by carbamide on the solubility of hydrated sodium sulphate. 
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In an extensive and general study of salt mixtures Rildorff 
examined the solubility of mixtures of salts, and found that not 
only isomorpliovis salts, asTTanev supposed, hwi also \l’vose wl/\cl\ 
form double compounds, expel one another from solution. 

^J'he salt mixtures employed were classified as 

(i) Where no chemical action could occur — i.e., salts having like 

acids or bases. 

(ii) Where chemical action may take place — i.r., salts of different 

acids and bases. 

Droczer^'’^ found tlic solubility of gypsum was considerably 
influenefcd by tbc presence in solution of c.ertain salts, while in 
1878. the next year published resulls showing that alkaline 

sulphates do not affect the solubility of silver sulphate in water. 

The influence of a salt on the solubility of another salt of similar 
character — namely, sodium chloride and polassium chloride — formed the 
1 Q 7 Q subject of an inquiry by ScJiihinch.'^'^ JTe found, wh(*n water was 
saturated wilh both of those salts, the soluhilitpy of each became 
diminished, that of potassium chloride more than sodium chloride; the 
solubility of the mixture not corresponding with tlie sum of the 
solubilities of the two salts. Tin’s difference increases with rise of 
leiniieraiure,;*' the less soluble sail, being removed by the more soluble 
salt in accordance with the law of Hauer. 

A knowledge of change in the solubility of so-called sparingly 
soluble substances owing to the presence of other substances in solution 
1 QQ1 of great importance for gravimetric analysis. This a])j)(‘ars 

‘ to have prompted Riiyufien and Varenne to investigate the case 
of several very sparingly soluble compounds. 11i(iy found, for example, 
the solubility of silver chloride increases with the concentration of 
silver nitrate, and also with the conctmtration of liydrogen chloride,, 
but no well-marked regularities were observed. Prreht and Wittjen^^* 
determined the solubility of mixtures of salts of the alkali and alkaline 
earth metals. The more striking of the results recorded being that 
when a mixture of potassium su1phat.e and ])otassimn chloride is treated 
with water the solubility of the potassium chloride remains practically 
the same as in pure water; and the solubility of barium chloride when 
in the presence of sodium chloride does not change with change of 
temperature. 

A discussion of the solubility of metallic chloiides was published by 
who classified these salts according as their solubility was 
fi) increased, or (ii) decreased in the presence of hydrogen chloride. 
Those which showed an increased solubility he subdivided into the 
groups (i ^,) those soluble in water, and (i h) those insoluble ; while the 
salts which became less soluble were classed as (ii a) separating in a Jess 
hydrated state, and (ii h) in an anhydrous state. 

Nirol recounts some experiments regarding the saturation 
liquid bv two salts dissolved sininltaneouslv, which appear 
to indicate that each salt dissolves independently of the other, 
and each salt increases tlTe solubility of the other. This increased 
solubility is not considered as being brought about by any tendency to 
♦ Vide footnote, Section V. A (i) 1879. 
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form licmogeiu'oiis cornl)iii;if inns, but ratli(‘r ])v a iiu'cliMiiicnl inf(‘r|)«)si' 
lion of tlio molecules of ilic two salts with those of tlie. walei-. 

Iv)->r Rihlorff published further results of work on the lines of 
' tliafc previously recorded (1873), and concluded that those salts 
which are isornorphous or which form together double salts, displace one 
another from tJieir solutions, while those salts which do not crystallise 
together do not displace each other from solution. In the following year 
there appeared the first of a series of publications by Engelt^^^ 

' dealing with the somewhat complex case of the solubility of 
cupric sulphate in presence of ammonium sulphate. This was soon 
followed by an account of experiments on the precipitation of 
barium, sodium, ammonium, and strontium clilorides by liydrogen 
chloride. The conclusion drawn being that the solubility of chlorides 
which are precipitated from their aqueous solutions by liydrogen 
chloride became diminished in presence of the acid by the amount 
which corresponds to one equivalent of chlorine for each equivalent 
of hydrogen chloride; thus the number of equivalents remaining in 
solution keeps practically constant. In all cases, except with 
ammonium chloride where the sum of the equivalents slightly but 
continuously increases, the sum of the equivalents was found to be 
diminished somewhat at first and then increased. This law of 
equivalent precipitation was only found to hold good up to the point 
where the solubility of the cAilorido had become reduced lo fd'jowt ^ ol 
its solubility in water. These conclusions of Engel were adversely 
criticised by Jeanncl who enunciated the law that the solubility of 
chlorides in water in the presence of hydrogen chloride varies in such 
a manner that the sum of the equivalents of salt, acid, and water in 
the solution remains practically constant at ihe same temperature, 
iirespeclive of (he nature of the chlorides. 

To this Engel replied by publishing results of precipitating 
magnesium chloride by hydrogen chloride which supported his 
previous conclusions, although he found some deviation from his equi- 
valent precipitation law with higher concentration of TTCl, and also 
when barium chloride or strontium chloride were the salts employed. 
This third paper on the effect of hydrogen chloride on the solubility 
of chlorides dealt with cases of various anhydrous and hydrated 
salts, and contained results quite in harn«ony with his law of equivalent 
precipitation. Similar results were obtained with nitric acid and 
nitrates. A further publication recorded the behaviour of sulphuric 
acid as a precipitant for sulphates. In this case, however, the acid be- 
haved as though one equivalent withdrew, or prevented twelve cquiva* 
lents of water from exerting any solvent action, and the corresponding 
quantity of salt was, precipitated. As with hydrogen chloride this did 
not hold with strong acid solutions. 

In the next year EngeV^^ published a series of three 
J888. treating of the solubility of salts in presence of acids, 

bases, and salts. The first being a general review of the subject ; the 
second relating to the solubility of carbonates as influenced by 
carbonic acid, and also that of oxalates influenced by oxalic acid; the 
conclusion arrived at Heing that the law of Schloesing*^ (Section V. 
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(ii)) is npj)l'io:il)lp also to 77iap:nosiiini oarhonnto, but. only i?i n. lirnitod 
niiinluM* of easels io l.ho action of dil)asic acids ou iho solubility of 
their neutral salts. Tbo Ihird^^'^ treated in an extended form of the 
question of the ecjuivalent ])i‘ecii)ilalion of various chlorides by hydrogen 
chloride, and is a nK^uvie of previous publications in the ‘ Coinpt. rend.* 
A. further paper by the same author contained an interesting 
’ * brief historical review of the subject under investigation, and the 
collected results of an extensive study of the influence of hydrogen 
chloride on the solubility of many metallic chlorides — namely, those of 
tin, copper, cobalt, potassium, lead, mercury, and platinum. 

Graphs representing solubility of potassium chloride in water at various 
temperatures, alone and in presence of sodium chloride, were found by 
Etard to converge towards a temj)ftrnturo of 913^, and the 
composition of the mixture at the ‘ limit of solubility temperature ** — 
7380 calculated to be 10*7 per cent. NaCl and 83*3 per cent. 

KOI. These weights contain approximately equal quantities of metal 
(K and Na) and non-metal (Cl). 

19ftQ EJernst^'^^ contributed an important theoretical discussion of 
* the results obtained by Engel and the general nature of the influ- 
enco exerted by one soluble substance upon another in solution, the 
explanation offered being strictly comparable with the gas laws and the 
observations of llorstmanrit on dissociated vapours. The conclusions 
he iwrlvod vvt were supported fpialitalivcly by the precipitation of 
potassium clilorate from its saturated solulion by potassium chtoride 
and by sodium chlorate, and approximately quantitatively by results of 
determining the solubility of silver acetate as influenced by sodium 
acetate and by silver nitrate. He was the first to advance the theory 
that at a given temperaturo the solubility of a sparingly soluble electro- 
lyte in water or in aqueous solutions of other electrolytes, is dependent 
upon a constant which he called the ‘ solubility product.’ 

The study of mutual salt influence carried out by Eiidorff was 
extended by Moyerhoffrr to conditions where double salt formation 
takes place. This author (xamined the change of solubility at the 
transformation temperature of double salt, and came io the conclusion 
that each individual substance has a definite solubility temperature- 
curve, and at the point of the interseclion of such curves the composition 
of each saturated solution must be identical for each curve. 

Noyes examined the application of Nernst’s formula for 
1890. calcuhiting the solubility of mixed salts, and in some cases with 
dilute solutions; the results he found were in approximate agreement 
with the values obtained experimentally. So strong was this author's 
faith in the above-mentioned hypothesis that he concluded the discre- 
pancy between his calculated values and his experimentally determined 
values for the solubility was due to the degree of dissoefafion hot being 
accurately determined by conductivity measurements. Ho proceeded 
to calculate the dissociation constant (K) for thallium nitrate from his 
solubility results, and found a smaller and a fairly constant value. This 

* The temperature at which the proportion of water has lieoome reduced to zero, 
owing to the increased quantity of salt, 
t Ber., 1881, 14, 1242. 
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application by Nernst of the law of * Mass action ’ was further 
discussed by Le Blanc and Noyes,^^^ who cited several examples of 
apparent anomalous behaviour; as, for example, mercuric chloride and 
hydrogen chloride, sodium chloride and potassium chloride, and 
potassium nitrate and lead nitrate, while sodium nitrate behaves in a 
normal manner. In these and in other cases of increased solubility, 
from freezing-point measurements of combination between the two 
inslead of tlie anticipated decrease, they were able to obtain evidence 
added electrolytes. In further support of Nernst 's hypotliesis, the 
conclusion was arrived at that the solubility of a substance in water 
is not much influenced by the presence in solution in the water 
of another substance wliicli does not of itself play the part of a 
solvent. 

The complex case of mutual salt influence when double salt^ forma- 
tion takes place — potassium sulphate with copper sulpliate — was 
1801 Trevor.”^ Compared with their solubility in pure 

water, he found the solubility of the Tuorc soluble salt was 
increased, and that of the less soluble salt diniinislied. This is in 
agreement with Nernst’s hypothesis, as was pointed out by Noyes. 

A paper entitled ‘Neutral Rolution,* by Niroh''^^’ continued the 
discussion of phenomena due to the mutual influence of two salts on 
each other’s solubility in water*; more paiihuilarly of cldorldes and 
nitrates of sodium and potassium in such combinations tluit the salt 
j)fiir contained a constituent in common. 

The gencrnl conclusion come to was that the. presence nt one. salt 
diminishes the soluhiliiy of the other, except in the case of the nitrates, 
where an increased sohibilit.y was fonnd. 

The research of Boilhinder on the influence exerted by one salt 
on the solubility of another— potassium chloride precipitated by potassium 
nitrate — furnished results which were not in agreement with the views 
lield by Nernst. Bodl finder found, for instance, in the above, case that 
the same relationship existed between water and dissolved salt — 
potassium chloride — as was found when alcohol was the added sub- 
stance. and not potassium nitrate. 

Bonzphonm determined the solubility of mixed crystals of the 
isomorphous salt,s, potassium chlorate and thallium chlorate, and ex- 
pressed views as to the limitations of Nernst ’s law of the relative lower- 
ing of solubility. 

Setscheiinff examined the data published in connection with 
Bodbinder’s work, and found that, provided the concentration of the 
solution is not great, the solubility of one salt in the solution of another 
indifferent salt’ obeyed the law he had observed to hold for the 
absorption of carbon dioxide in salt solutions. 

This line of work was cx>ntimied by Bhircz,^^^ who employed 
potassium hydrogen tartrate and studied the influence of varying 
quantities of potassium chloride on its solubility. 

Besides the solubility of this tarlratc being a function of the tem- 

* Trovor. Phil. Mn'j. (5) 32, 75, pointed out that iho problem diROiiSRod in this 
paper had been solved Iheorotically and confirmed experimentally by Nernst, Noyes, 
and himself. 
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perature, it was found to be a function of the quantity of potassium 
chloride present; the quantity of tartrate precipitated, when this salt is 
only present in small quantities, being equivalent to the quantity of 
chloride added. For solutions containing more KCl than potassium 
hydrogen tartrate, the expression Q/= 0 05 + 0*000005 ^/ H was found 

to hold: in which = potassium in form of chloride, Q^ = quantity of 
salt in 100 pails of solution at This relationship was found to 
hold also for the bromide, iodide, chlorate, and nitrate.^®® In other 
words, the effect depends solely on the weigiit of potassium present, 
and is iiidependeiit of the nature of the acid. 

found tliat successive additions of small quantities 
of potassium chloride to a saturated aqueous solution of j)otassium 
sulphate precipitated the sulphate, but the sum of the salts in solution 
continually increased until a reverse action took place. 

Similar observations were made by Engel on the influence of 
alkali bases on the solubility of alkali salts, lie found that sodium 
hydroxide added to a saturated solution of sodium chloride or sodium 
nitrate, or potassium hydroxide added to a saturated solution of 
potassium bromide, potassium iodide, or potassium nitrate, precipitated 
the salt originally in solution approximately in agreement with the rule 
that 1 molecule of salt is pj-ecipitated for each molecule of anhydrous 
oxide — (JSagO or K^jO) — that is added. 

Experiments by Blare::. on the solubility of potassium chlorate 
as iiiflueiiccd by potassium Jjydroxide and otJicr salts indicated that this 
more spai ingiy soluble salt behaves in the same maimer as the other 
potassium salts previously studied. 

18‘12 attempt was made by Behrend to ascertain whether 

th(‘ application of the gas laws to solutions, as made by Van’t 
HolT, was valid foi* the case where a double compound becomes resolved 
into its two components when dissolved in a liquid. As affording 
evidence to this end, the I’esults recorded leave nuich to be de.5^]’od. 

Meyerhoffer examined the system ( -uCh,2ILO,2K(U + KOI and 
criticised the work of Trevor on the solubility of copper sulphate 

wdth ])otassium sulphate. 

Noyes'-''''^ criticised .Arrhenius’* assumption that all binary 
" ‘ salts are equally dissociated in solution, and not only did he quote 

Arrhenius’ own figures to show this, but stated that ho himself had 
found the solubility of potassium tartrate to bo reducc'd to a greater 
extent by KOI than by KNO,, and still less reduced by KOlOg. 

lloozeboorn’s conclusions were criticised by Foc/c,®"® who com- 
mented on the lack of data given by this author, lie gave his results 
for the solubility of potassium sulphate in presence of ammonium sul- 
phate; no proportionality being found between the molecular percentage' 
of one constituent- — ammonium sulphate — and the molecular percent- 
age of that constituent in the mixed crystal, nor was it regarded as 
possible that there should be any such proportionality. 

An extension of the study of the influence of added salts on the 


Zeit. phyaikal, Chem., 11, 31)1. 
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solubility of pohissium liydrogen tartral-e was published by Noyes and 
Clement Their results may be briefly summarised as follows : 

(i) The three ])otassium halogen salts decrease the solubility 
of the tariratc to about the same extent; (ii) poiassium nitrate in con- 
c-eiitrated solutions causes a snialler decrease in tlie solubility of the 
tartrate than is occasioned by the potassium halides : potassium chlorate 
to (‘Veil a snijillcr (‘xteiit than (he nitrate; (iii) potassium acetate causes 
a decided increase ; and (iv) potassium .sulphate least effect of all other 
salts; while (v) liydrogen chloride brings about, an increase in the 
solubility of the K 

With the object of gaining informatmn as to the behaviour of 
isomorphous salt i)airs, Mulhmann and Kvnl::e studied the solubility 
of monopotassium phosphate and ai’senatt',* potassium perchlorate and 
permanganate; and jiotassium and rubidium permanganates. Although 
clinicult to intei-pi’ct, the results seem to ))o in accord with the con- 
clusions of Eoozeboom (vide this Sc'ction, 180.1). 

Following a yoicrai review and amplitication of his work, 
^lard'^^^ recorded an attempt made to ineasm-e the solubility of the 
potassium halide triple mixture, KCl pKBr } K1 in water. It was 
found, liowever, that these salts were not capable of existing simul- 
taneously in solution; the potassium chloride remaining undissolved in 
the presence of the other two salts. 

A further contribution to the study of mixed hydrated crystals was 
Q. published by Stortenhclcrr.^^^ The molecular percentage of the 
^ two constituent salts are made to serve as ordinates and 
abscissre, and the solubility curves drawn, when the following three 
classes of curves are illustrated: — 

(.1) The solubility isothcrmals do not cut — an cxamjile being the 
case of (MgSO,, 711,0 ; ZnS0,,7TT,0). 

(2) The isother nulls cut, but liave no breaks — an example being 
((hiSO^rilFO: hVS0,,5H,0). 

(3) The isothernials cut, but one of t^fem has a break — an example 
being ChiSO„51 1,0 ; Mn(SOJ, 611,0. 

Van Tjaar'^'“ investigated thermodynamically the formulce express- 
ing changes of solubility, and obtained theoretically the following 
results: When there is one * ion* common to both substances the 
solubility becomes lowered, (he least soluble undergoing the greatest 
relative change. Non-electrolytes were found to have no effect on the 
solubility, neither are they themselves affected in this ix'spect. When 
there is no ‘ ion * in common, (lie effects produced are more complex 
and fre(]uciitly indeterminable. 

VI. Miilinil Soluhilily and DisIrihaUnn Cocfftcienls. 

Tlie first to examine the distribution of a substance between two 
1872 *i<^H-iniscible solvents wore licrthelnl and Jiinqftcxsch.'^^ Kx- 
perimenfing with iodine and bromine in mixtures of water and 
carbon bisulphide, also various organic and inorganic acids, find 
ammonia in mixtures of water and ether, they tried to find some 
relationship between tlie partition of the substance and its solubility in 
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th© two solvents. Although unsuccessful in this. direction ihey ascer- 
tained that when a substance is simultaneously in the presence of two 
solvents, the quantities dissolved by equal volumes of each luivc a 
constant ratio— coeHicient of distribution — wliicli is independent of tlie 
relative volumes of the solvents, but varies with the degree of conc(‘n- 
tration and with the temperature.''^' 

A very thorougli investigation of the betiaviour of partially miscible 
1881 carried out l)y Konovmhm^'^ Tliis work embraced 

the influence of pressure and temperaturii on tJie mutual 
solubility of water and respectively formic acid, mef hylic, el hylic, and 
pro py lie alcohols. 

1884 fitudied the solubility relations of partially mis- 

cible liquids, as, for example, ethylic alcohol and carbon bisul- 
phide, alkylarnincs and water, &c. 

Having previously shown that tbe mutual solubility of substances 
is not always increased by rise of temperature,! Alexejeff 
came to the conclusion that mutual solubility phenomena arc not 
as simple as the hypothesis of Dossios supposes (vide Section VITl., 
1867). From numerous experiments it was concluded that liquids 
which dissolve one another appreciably at ordinary temperatures mix 
completely at temperatures considerably below their absolute boiling- 
points, (here being no esscniial difference between ibe laws of mutual 
solubility of liquids and solids. This conclusion was experimentally 
confirmed. 

Nernst (ixtended the application of Ihe law of distribution 
of a substance between two solvents, showing that this was 
dependent upon the substance having the same molecular weight in both 
solvents, lie suggested this as a useful method of ascertaining mole- 
cular weights of compounds. 

Q . A publication by Jliecke on the lliormal potential for dilute 
^ ' solutions contains results which are in agreement with experi- 

mental data for the distribution of a substance between two solvents, 
and also for the diminution of solubility of a substance by the addition 
of a second substance. These results, which were arrived at mathe- 
matically, are bas(‘d ii[)on the application of Gibb’s equation to the case 
of dilute solutions. 

From the observations of Alexejeff on the solubility of aniline in water 
and water in aniline at various tcmperalures, Masson found experi- 
mental evidence in favour of the view that there is complete analogy 
between the dissolution and tlu' vaporisation of solid substances. 

Berthelot’s work on the distribution of a substance between two non- 
miscible solvents was extended in theory by Avlich to the case where 
four substances were present in chemical equilibrium — two salts with 
like base and different acids, and also tlie acids of those salts. This 
author discussed the- relationship between tlie affinity coefficient and 
the distribution coefficient of this system. 

Kiister published an extension of his previous work \ on the 

1 * See also IV. B. ^ t 

t Zeitschr. /. physik. Chem. (1890), 5, 001. 



458 


REPORTS ON THE STATE OF SCIENCE. 


freezing-points of isoinorphons niixtiires. Jlo found that Van’i TToff’s 
law for the depression of the freezing-point * was not obeyed in thi'se 
cases, but that the freezing-points lay in the neighbourhcxjd of the point 
calculated from the freezing-points of the components of the mixture. 

It was found by Nernst that a substance which gives a different 
value for its molecular weight in one solvent from that found with 
another solvent gives an abnormal value, for its distribution coefficient 
between these liquids. This he attributed to the fact that one liquid 
acted belter as a simplifying agent than the other; a conclusion sup- 
ported by experinienis made with benzoic acid in water and in benzene. 

During that year Rnozphoom expressed views regarding the 
limitations of Nernst ’s law of the relative lowering of the solubility 
-|QQ 9 the partition law; such limitations were, however, strongly 
conies ted by Nernst.^^^ 

The mutual solubility of salts engaged I he altontion of Le 
Chah^lier ; he distinguished three gen ei*nl cases: — 

(1) Salts solidify to form isornorphous mixtures of variable com- 
position. 

(2) Each salt solidifies separately from the mixtiu’e. 

(3) The two salts combine and solidify as a compound of definile 
composition. 

raises of t]ic first kind iia\ing heen mnsidci'ofl by this nnlbor ns 
well as by in this pa{)er instances of the second class are, 

recorded . 

7{/i,s/er invi'stigated Ihe dislril)ution of ether ]>etween wafer and 
caoulehcmc, and found evidenc.e for recognisitig the exislenco of a con- 
siderable propoition of double ether molecules 2 [(G 2 l.l 5 ) 0 ] at low 
lempei al ures. From experiments t on the distribution of iodine 
l)etween water and starcli carried oul in tlie sa?/ie year, he came 
to similar conclusions regarding iodine. 

iQor dal'fnrkin determined the distribution coefficient of iodine 
and of bromine between water and some oilier solvent, and 
found, with some solvents, that Kiister’" observntioTis wore substan- 
tialed, while with otlicr solvents this was not the case. 


VII. Theoretical Goy^aiderations. 

Up to the time of Lavoisier the phenomenon of dissolution was 
regal ded as l.lie result of some purely mechanical process, and, to this 
end, many ingenious explanations were advanced. | According to 
Ijdvnisier, and indeed nearly all the chomisis of that penod,§ the 

♦ Zeitschr. f. physik. Chem. (1890), 5, .*^22. 

t Further rofeTonccs and details may be obtained frfun ‘ J^er Verteilungssatz,* 
by W. Herz, Ahren’s Sammlung, 15 (i) [1909]. 

Newton imagined there arc spaces in the water, in which the salt takes up 
position ; and to explain how it wa.H that water saturated with one salt was still 
capable of dissolving another salt, Gassendi ((Jhaptal, Elements de Chemie^ i. 40 ; 
Montpellier, 1790) supposed these spaces to be of different shapes. 

§ Herthollet, Sfatiqne Chimique, p. 50 ; also Fourcroy, Systhne des Connaissances 
CkimiqueSj ii., p. 360. 
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existence was recognised of a chemical attraction between ihe molecules 
of solute and the molecules of solvent. 

1839 CJay-Lussac lield the opinion that dissolution was a physical 
process,* being dependent upon the molecular state, and show- 
ing a great resemblance t^ the phenomena of fusion and vaporisation. 

The researches of Karston^^ upon the influence of one salt 
° on the solubility of another, as, for example, the influence of 
other soluble nitrates on ihe solubility of sodium nitrate, did not indi- 
cate the existence of any law governing the change of solubility ; how- 
ever, it was concluded that aqueous solutions of sails must be regarded 
as chemical compounds. 

1856. These conclusions were furtiier emphasised by Some 

1866 Mulder supported the view that solubility was to be 

regarded as a chemical process, and published his woi*k upon 
the saturation of water with two salts. Evidence was found therein 
indicating the formation of some chemical compound (double salt) in 
solution, the composition of which varied with the temperature, and 
also with the quantity of the components present. 

Dossios'^’’^ advanced a theory to explain the dift’erence in 
solubility of substaiiciis, which was based iij)on ihe conception of 
an attraction between the particles of solvent and the partich^s of solute 
being greater ihon the atlractiori hc'.tween ttie solute i)arricles them- 
selves. Unfortunately, no experinieiilul juslilicatioii fur this assunip- 
tioii was given. llandL''** expressed the opinion that (he solu- 
■ bility of a substance is not conditioned by any property of tlie 
solvent, but by the establishment of a state of equilibrium between 
the number gf particles leaving the solid body and the number return- 
ing. Eurther woi'k bearing on the nature or theory of solubility was 
published by Pfaundlerj-'^' who studietl the plieiioiiKMion of a 
la/o. ulianging shape and not wadght when kept in its saturated 

solution; the explanation [)ut forward being that the energy of vibration 
w'as unequal on dilTerent crystal surfaces. These views wcic, how- 
ever, advei'sely criticised by ‘Lcroq dc B ois baud ran 

in the following y(‘ar hidnr published ‘ a contrihu- 

18 / 0 . to the Iheory of solubility in which lie adopltal an t*xiejjded 

view- of solution, cinbi’acing themolecular inlermixiure of solids. Tlic 
size of the molecules and Die inlermolecular spaces wef’e regartled as 
having an important bearing u])on tlie solubility of substance's. 

From an entirely different source — namely, the study of suspension 
of clay ill wuiter and in saline solutions, DnrJiavi'^^^ came to the 
lo7o. that chemical combination, solution, and suspension 

are all mani festal ions of the same force, differing only in degree. 

* Hannay and Hogarth observed the solubility of solids in 

1880. from their results concluded that the dissolution of a 

solid substance was a function of all fluids; the requisite condition being 
molecular closeness and thermal activity. 

The behavioui: of anhydrous copper sulphate towards anhydrous 

♦ Further observations by tliis author relative to ‘ solubility ’ will be found, 
Ann. Ch. Ph., 1819 (2), 11, 296 ; ibid., 1832 (2), 49, 393 ; ibid., 1839 (2), 70, 423; 
Compt. rend., 1839, 8, 1000 ; and Ann. Ch. Ph., 1845 (3), 13, 567. 
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methylio alcohol and towards moist metliylic alcohol, obseiTcd by 
JSZepZ,®® also the observations of Goodwin ®‘'* (vide Section V. A), 
’ all point to solubility being dependent upon more than sonic 
purely mechanical process ; the latter author concluding it to be more of 
a chemical process at low temperature, aiK^morc mechanical at high 
temperature. 

In Uie next year Nicol'^^ put forward vi(‘ws on Llie nature 
of solution, wliR'li had niucdi in cottmion iliose ])reviously 
expressed by Dossios (I8()7). lie siiggesled a possible relationsliij) 
exists between molecular volume and solubility ('f solids, similar to tluit 
J884 between Ihe molecular volume and the boiling-point of 

* licpiids; instances of this were adduced in a later 'puhliraiion,^^^ 

From a very (‘xteiisive examination of the behaviour of solutions of 

1884 number of isomeric organic compounds Travbo was 

able to conclude that the solubility of a suhslance and the 
cohesion of the solution are in sonic manner directly related. 

As a result of further research Nicol sliowed the solubility 
TSSfi to })c‘ (Icponflt'nt on \\\r. I'etaiiun \>oANveei\ l\\c cohi'sinn 

* of the salt and ilir ndlu'sion of solvent to tlie salt. Ale.vejcfJ 
found the stale of aggivgation liad a decided influence on the solubility 
of salicylic and of bcaizoic acids. 

The research of F, Braun (vide Section V. B.) has also 

1887 iiKuitioncd in tliis section; likewise tlic relationsliij), 
although somewhat obscure, observed by Kosman between 

the amount of salt that saturates 100 parts of water and the molecular 
weight of the hydrated salt. 

A systematic study of the precipitation of salts /rom their aqueous 

1888 addition of the corresponding acids led Engel 

to conclude this process to be in no wise due to a dehydrating 
effect of the added precij)ilaiit ; iji arriving at this conclusion, however, 
this author entirely lu'gleets to consider any alTmiiy existing between 
salt and water. 

That salt solutions are very vveaK chemical compounds was 
. infeiTed l)y Selsrhenoff ,' wliile almost at the same time 
Nenist regarded the prot*ess of dissolution as being perfectly 
similar to that of vaj)orisation ; the molecules in bolh cases assuming 
the gaseous stale. The specific attraction between salt and solvent was 
considered by this investigator to be non-existent; the process of disso- 
lution being independent of such influerujcs. As the distribution of a 
vapour takes place in the atmosphere of an indifferent gas as in a 
vacuum, so the sohibilily was assumed to he unaffected by the })resenc(; 
in solution of a second substance, provided always the two are without 
chemical action one on the other. The work of Horstmann referred to 
{vide Section V. C (hi, 1889) showed the addition of a product of dis- 
sociation caused a separation of the substance vaporised, an indifferent 
gas not being capable of this action. On these lines the precipitation 
of a dissociated substance in solution by the addition of a compound 
giving an ‘ ion * in common with one in solution was considered as 
being caused by the increased osmotic partial pressure of that ‘ ion * 
being greater than the solubility tension of the solid substance, and 
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coiisfquctiLly ilic excess of those * ious ' separate from solution in 
union with the lecpiisitc number of oi)positely charged ‘ ions.* He 
also introduced the conception of a ‘ solubility product * {vide Section 
V. 0 (iii), (1889). 

A coniniunicatioii by Ricche^'^^ on the thermal potential for 
loJl. solutions furnished results which are in agreement with 

experimental data for the distribution of a substance between two 
solvents and also for the diminution of solubility of a substance when a 
second substance is added. 'Hiese results were arrived at mathemati- 
cally from an application of Gibb’s equation to dilute solutions. 

Masson discussed the analogy between the dissolution of a solid 
and the vaporisation of a volatile substance; he mentioned, among other 
points, tliat, wlien regarding these jdienomena as related, it becomes 
necessary that there should be some relalionship between the true 
melting-point of salts and the rates of increased solubility with the 
temperature; furtlier,^^® su})starices sliould exhilnt an inlinite solubility. 
The former having l)eeii gcjieially c'stablislied by Tildtai and Shenstone, 
the latter, only in the case of Ji(|uids, l)y Alexejeff. 

In an important c<jmniimication entitled ‘ I’lie Solubility of Mixed 
Crystals, iiiojc. (‘specially of two 1 smnorphous Substances,’ Jioo.vc- 
hoo///. considered the (jiiestion of soluliility^ with the object of tJirow- 
ing light on the analogy betwecai solid and liquid solutions. Ho 
adversely criticised Duhem’s (‘xpla nation of the behaviour of iso- 
morphous salt pairs based on (lil)b’s Phase Rule, and fj’orn Tiieasure- 
ments of tiui solubility of tlio mixed crystals of the isomorphous salts, 
potassium chlorate and thallium chlorate, he expressed views as to 
the limitations of Nernst’s law of- the relative lowei ing of solubility. 
1QOO These limitations were not acceptable to as is 

seen from his communication entitled ‘ The Solubility of Mixed 
Crystals. * 

Pickering iJiiblished evidence to show that a substance in solutiofj 
was in a condition different from that of a gas {vide Section V. A (ii) ). 

The change in the internal friction of the solvent was considered by 
Winkler to be the real cause of the decrease in the absorption powei 
of liquids for gases as the temjierature was raised. 

Etard^^^ concluded from his work on the solubility of mercuric 
chloride and cupric chloride in various organic solvents, that union lakes 
place between salt and solvent. In some cases, for example, with 
cupric chloride and methylic alcohol, he was able to isolate the conq)lcx 
that is formed. 

Some ink'resting results were published by Noj/rs whivli revealed 
considerable imperfections in the ‘ ionic ’ conception as advanced by 
Nernst.^^^ The assumption was made that thallous chloride is disso- 
ciated to the same degree as the chlorides of the alkali metals at the 
same concentration, and tlie dissociation of potassium chloride was 
calculated from solubility measurements. The results thus obtained dif- 
fered greatly from the valiu'S found from measurements of conductivity. 

£tard^°^ investigated the solubility of hydrocarbons in organic 
liquids at low temperatures, and was led to regard the melting-point of 
the solute as the superior limit of solubility and the melting-point of the 
1910. II II 
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solvent as tlie inferior limit: all iiiLerniediale points as loci of the 
melting-points of mixtures of solvent and solute. 

That union, or interaction, docs take place between solvent and solute 
seems also to follow from the work of Lohry de Bruyn.^'^^ This author 
found certain hydrated sulphates of dyad metals were soluble to a con- 
siderable extent in iiiethylic alcoliol, but the solution obtained was 
unstable, dtpositing the salt again on standing: the addition of a few 
drops of water accelerated the deposition. The salt separating from 
such a solution generally contained less water Ilian that originally held, 
anti, ill some eases, a jiartial replaeeiiieiii ul waVer by meAbyVic a\eA>A\i)\ 

was found to have taken place. 

'riie view expressed by Noyes (vide this Section, 1892), more parti- 
culaily that the degree of dissociation derived from measurements of 
solubility is more Irustworlliy than that obtained from measiireinents 
of electrical conductivity, was disputed by Arrh(nims.'^*^^ This 
^ * was based upon his observations that the electrical conductivity 

of a salt differs greatly when calculated from solubility measurements 
according as the sparingly soluble salt with which it is present is more 
or less soluble. The law of mass action upon which the calculation 
is base‘d was not considered applicable to strongly dissociated 
electrolytes. 

. Noyes and Cleiuent found the solubility of — 

* potassium hydrogen tartrate — was variously decreased by the 
addition of potassium sails of halogen acids and by nitric acid, while 
[lotassium acetate and hydrochloric acid caused an increase in the solii- 
biliiy of tartrate. These ellects were ascribed to the different degree 
of ionisation of the added salt. 

Troin measurements of the solubility of mercuric chloride, bromide, 
and iodide, and of iodine in carlion bisulphide {vide Section V. A (i), 
1894) A ref o IV ski was led to regard solutions as ill-dellned molecular 
compounds of solute and solvent, lie supposed that when one sub- 
stance does not dissolve in anothei* it is because the two substances are 
incapable of forming such molecular comj)ounds. He took great exec])- 
tion to the view that water as a solvent is an inert substance. 

These conclusions were supijorled by tlio recorded woik of 
I Anehnryer wherein it is shown that mercuric chloride and sodium 
cliloi’ide combine together, giving a double salt wliich is soluble in 
ethylic acetate, and that the solnbilicy of this complex is first of all 
decreased by the addition of small (pjaiitities of NaC31, and, as the 
auioimtof NaCl increases, the solubility of both salts becomes increased. 

Ilollevian and Antusch contributed an extension of Bodliinder’s 
work, making use of solid iion-clcctrolytes dissolved in aqueous solu- 
tions of ethylic alcohol. Among the substances used may be mentioned 
p-aceltoluidide, a-acctnaplithalide, and also jihcnyltliiocarbainidc : 
Bodliinder's * formula was not found to hold for these cases. On the 
addition of water to the alcohol the solubility usually underwent a 

♦ To this Bodl&nder replied ihat in some cases he found from HoUeman and 
Aniusch’s values that his formula did hold provided the substance was oiily soluMo 
iu water and not in alcohol. ' . 
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marked increase, a maximum was reached, and then the solubility 
decreased. These results are regarded as being out of harmony with 
Nernst's views of the mechanism of solution, and certainly with the 
view that no attraction exists between solvent and solute. 

The interesting observation of Pictet that the presence 
loJD. ^ volatile solvent renders a non-volatile substance completely 
volatile, also appears to favour this view of the part played by the 
solvent. 

\TY\\om\W ol nnoyV, WvA \Jcv^. 

conclusions drawn from applying the law of mass action to the study of 
saturated solutions, Noyes and Abbot proceeded to verify the prin- 
ciple of solubility influence. They employed sparingly soluble salts — 
the chloride, bromate, and thiocyanate of iliallium — and were able to 
advance proof of the hjllowing:- - 

(i) The quanlity of a dissolved undissociated salt with which a 
solution is saluraftMl remains constant when a second salt is added. 

(ii) The product of Ihe. qiianfitics of (h(‘ tw^o ' ions ’ remains Ihe 
same. 

The study of the influence of salts in solution on ihe solubility of a 
gaseous non-electrolyte, carried out by Jahn^^^ and Iiis pupils, enabled 
this author to formulate the following law’ corr(‘.lating solubility of a gas 

and the concentration of the salt solution, =A;: in which 

a' is the absorj)tion coeflicicnt in salt solution, a the absorption co- 
eflicient in water, and IVf the number of molecules of salt in unit 
volume of solution. 

In Van tAinPs-^^ ih(*rmodynamical invesi igation of the formula 
representing solubility changes, he considered the effect ])roduced by the 
molecules of the solvent existing as associated aggregate's. 
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‘ Ann. Chrni. Pharm.,’ 34, 200 

V.A. i ; V.o. hi. 

11 

1841 

Ivarstcn. 

‘ Ahh. Jh'il. Akad.,’ p. 95 

V.c. iii ; VXI. 

12 

1818 

Poggiale 

‘ Ann. (’him. Phys.,* (8), 8, 408 

IT. A. ; V.A. i. 

18 

1845 

Gay-Lussac; . 

‘ Ann. C8iiin. Phya.,’ (8). 13, 5(i7 . 

Vi£. 

14 

184G 

Marchand 

‘ J. prakt. Choin.,’ 37, 821 . 

V.C. ii. 

15 

1851 

Jjiobig . 

‘ Ann. GIic*in. Pharin.,’ 79, 112 

V.c. ii. 

IG 

1854 

Pavre and 
Silbermann 

‘ J. Chcin. Soc.,* 6, 241 . 

V.B. 
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11I.B.;IV.A. 

18 

1855 

Fernet . 

‘ (*om])t. rend./ 41, 1257. 

H.c. 
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iluiisen . 

‘ .Ann. C'heni. I'liann.,’ 93, 1 . 

II.c. ; III.B. ; 
IV.B.; V.A. L 

20 
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‘ Ann. Chem. Pharm.,* 94, 129 

fI.O. 

20a 


CariuH . 

‘ Ann. (Iieni. Phann.,’ 96, 1 . 

IT.C!. 

‘2V 


\vreinevs 

‘ Ann. Pbys. Chem.,’ (.ii), 97, 1 

II.A. ; V.A. i. 

22 


Krciiieirt 

‘ Ann. \*UyH. (.'\ui\u,,' (.ub -i' 

\ 

23 


Cariiis . 

, * Ann. (^lieiii. Pharm.,’ 99, 129 

lI.r.;V.A.i. 

24 


l^aff . . 

' ‘ Ann. Cheni. Pharm.,’ 99, 224 

V.('. iii ; VII. 1 

25 


Roseoe . 

‘J. (’hem. Soe.,’ 8, 14 

II.c. 

i 2(} 

1857 

L xMr.yvr . 

‘ Ann. Miys. Clu-iii.,’ (ii), 102, 299. 

V.c. ii. 

27 


Abase heir 

‘ Jahresber. Cheni.,’ 1858, ]). 52 , 

V.A. i. 

i 28 

1858 

Fernet . 

‘ Compt. wml.,’ 46, 620 . 

V.c. ii. 

29 

1859 

Koscoe and 
Dittinar 

‘ Ann. t^hem. Pharm.,’ 112, 349 

II.c. ; V.B. 

1 30 

1861 

Mollcr . 

‘ Ann. (’hem. Pharm.,* 117, 386 . 

II.A. ; V.B. 

31 


Sims 

‘ Ann. Chem. Pharm.,’ 118, 315 . 

V.A. i. 

32 


Sell ill . 

‘ Ann. Chem. Pharm.,’ 118, 362 . 

V.o. ii. 

33 

1863 

Sorby . 

‘ Jh-oc. Roy. Soe.,* 12, 538 . . ! 

V.B. 

34 


Ifeidcnhain 
and Meyer 

‘ Ann. Siippl.,’ 2, 157 . . . j 

V.c. ii. 

35 

1864 

llobinet. 

‘ Compt. rend.,’ 58, 608 . . , i 

II.c. 

36 


Alluard . 

‘ Compt. rend.,* 69, 500 . 

V.A. i. 

37 


Mulder . 

‘ Scheik. Verhandcl,* 89 . . . 1 

V.A. i. 

38 

1865 

Watts . 

‘ Ann. Siippl.,* 3, 227 

V.A. i. 

39 i 


Clerardin . | 

! ‘ Ann. Chim. Phys.,’ (4), 5, 129 . j 

V.c. ii. 

40 

1806 

Mulder . . ' 

‘ Jahresber. Chem.,’ 19, 65 . . | 

VII. 

41 i 


V. Hauer 

‘ J. prakt. (Jiem.,* £8, 137 . . | 

V.o. iii. 

42 

1807 

1 

Khanikof and 
Louguininc 

‘ Ann. Chim. Phys.,’ (4), 11, 412 . | 

II.c. ; V.B. 

43 ! 


Dossios . 

, ‘ Jahresber. (3hem.,’ 92 . . , | 

VII. 

44 

1868 

V. Hauer 

‘ J. prakt. Chem.,’ 103, 114 . . ; 

lV.A.;V.o.iii. 

45 

1869 

Sims 

‘ J. Chem. Soc.,’ 14, 1 . 

V.B. 

46 


Nordenskjold 

. ‘ Ann. Phys. Chem.,’ (ii), 136, 309 

V.A. i. 

1 46a 

' I 

Setschenoff . 

, ‘ Mem. Ac. St. P6tersb.,’ (7), 12, 0 j 

V.A. i. 

47 

1872 

Page and 
Keightley 

1 ‘ J. Chem. Soc.,* 25, 5()6 . . j 

1 ! 

II.A. 

48 


Oudemans . 

i ‘ Zeitsch. anal. Chem.,’ 11, 287 

ILa. 

49 


Borthelot and 
Jungdeisch 

1 ‘ Ann. Chim. Phys.,’ (4), 26, 396 . 

IV.B. ; VI. 

50 


Handl . . 

; ‘Wien. Akad. Anz.,’ 125 

VII. 

51 


Schloeasing , 

1 ‘ Compt. rend.,’ 74, 1.552 ; 76, 70 , ; 

V.o. ii. 

52 

1873 

HudorIT 

- ‘ Ann. Phys. Chem.,* (ii), 148, 456 

V.c. iii. 

63 

1874 

llaoult . 

‘ Ann. Cliini. Phys.,’ (5), 1, 263 . 

II.c. ; V.c. ii. 

54 

1875 

Alcxejcff 

! ‘ Ber.,* 8, 265 

V.A. i. 

55 


! Limpricht . 

1 ‘ Ber.,* 8, 350 

II.A. 

66 


' Pfaundler 

1 * Chem. Centrb.,’ (iii), 6, 498 . . ' 

IV.A. ; VII. 

57 


V. Meyer 

1 ‘ Ber.,* 8, 998 

II.A. 

58 


V. Moyer 

i ‘ Ber.,* 8, lOOl 

II.A. 

59 


, Boisbaudran 

‘ Compt. rend.,* 80, 1(K)7 

IV.A. 

60 1 


1 Boisbaudran | 

‘ (/ompt. rend.,* 80, 1450 

1 * Mem. Ac. St. Petersb.,* (7), 22, 6 i 

VII. 

61 


> Sctschonof! . 1 

V.c. ii. 

62 i 


Lajoux . . j 

‘ J. Pharm. Chim.,’ (4), 22, 240 . 

II. 

63 ! 

1876 : 

Andrews . j 

‘ Phil. Mag.,* (6), 1, 78 . 

IIIa. 

64 j 


Walz . 

* Pharm. J.,* (3), 6, 8 

VII. 

65 : 

1 i 


Setschenoff . 

‘ M^m. Ac. St. Petersb.,’ (7), 22, 102 II.c. ; III.B. ; 

1 V.o. ii. 
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60 

1877 

Mackenzie . 

‘ Ann. Phys. Chem.,* (iii), 1, 438 . 

’ TI.c. ; V.c. ii. 

67 


Draper . 

‘ Chem. News/ 36, 87 . . . 

V.c. ii. 

68 


Droezer 

‘ Ber./ 10, 330 

' V.c. iii. 

69 


Hiifner . 

‘ Ann. Phys. Chem.,’ (iii), 1, 029 . 

IT.c. 

70 

1878 

Durham 

■ Chem. News,’ 37, 47 . . . 

VII. 

71 


Eder 

‘ J. prakt. Chem.,* (2), 17, 44 . . 

V.c. iii. 

72 


i Ost 

* J. prakt. Chem.,* (2), 17, 228 . 

IV.B. 

73 
\ 74 

1 

i Bourgoiu 

‘ Compt. rend./ 87, 02 . 

IV. B. 

i 

1 ^cihuuckij 

! 

‘ Zeit. phys. Chem./ 14, 331) II.B. 

75 

1 J879 

1 

' Hnniiay and 
, ITogaith 

‘ Chem. News,’ 41, 103 . 

1 IIl.A. 

7(i 

j 

■ Rcgnault 

Mem. Ac. »St. Petersb./ (7), 26, 250 HI. a. 

77 

i 

Schonaeh 

‘ Wien. Akad. Ber.,* (2), 80, 525 . 

i V.c. iii. 

78 

1 

1 

j Wroblew.sk i . 

‘ Ann. Phys. Chem.,’ (iii), 8, 29 . 

i V.B. 

79 

1 

1 Koehler. 

‘ Zeitseh. anal. Chem./ 18, 239 

H. 

80 

i 1880 

i Haniiay and 

1 Hogarth 

‘ Proe. Koy. »Soe.,’ 30, 178 and 484 

ir.A. ; Ills.; 

VJI. 

81 


! Ramsay 
, Lenur . 

‘ IW. Koy. Sw.,’ 30, 323 . 

IlI.A. 

82 


‘ Arch. Pharni.,’ (3), 17, 212 . 

III.A. 

83 


Naeeari and i 
i }?agliani . 1 

‘ Niiux'o Ciment4>/ (3), 7, 80 . . V.a. i ; V.R. 

‘ Ann. Phy.s. Chem. Beiblaiter,’ 4, 510, V. B. i 

84 

1881 

1 lliiysKen and 
Varenne 

‘ (Jompl. rend.,’ 92, 1459 

V.c. iii. 

85 


. Preeht and 
Wittjen 

‘ Ber.,’ 14, 1067 .... 

V.A. i ; V.c. iii. 

86 


Ditte 

‘ Ann. Chim. Phys.,’ (5), 22, 551 . 

1 V.c. iii. 

87 


KonowaloAV . 

, ‘ Ann. Ph 3 ^s. Chem.,’ (iii), 34, 219 . 

i 1I.B. ; ITLa. ; 

1 VI. 

TV.a. ; IV.B. 

88 

1882 

Carnclley 

‘Phil. Mag./ (5), 13, 112 . . 

89 


Klepl . . 

‘ J. prakt. Chem.,’ (2), 25, 520 

, V.c. ii ; VII. 

90 


Lcidic . 

‘ Compt. rend.,’ 95, 87 . . 

1 IV.A. 

91 


Preeht and 
Wittjen 

1 ‘ Ber.,’ 16, 1066 .... 

: V.A. i. 

i 

92 


Hccht . 

‘ Ann. Chem. Pharm.,’ 213, 73 

; V.A. i. 

93 


Goodwin 

‘ Ker.,’ 18, 303!) .... 

, V.A. i; VII. 

94 


Wrol)Iew.ski . 

, ‘ Ann. Phys. Chem.,’ (3), 17, 103 . 

1 H.c. ; V.A i. 

95 


Alcxvjcif 

; ‘ Bull. «oc. Chim.,’ (2), 38, 145 . 

! 11. B. 

90 

1883 

Nicol 

! ‘ I’hil. Mag.,’ (5), 15, 91 . . . 

i VII. 

97 


De Coppet . 

‘ Ann. (,'liini. Phys,,’ 30, 411 

‘ Phil. Mag.,’ (.'■>), 18, 329 

; JI.A ; V.A. i. 

98 


Nieol . . 

ll.A. 

99 


J'ildcn and 
Shenstonr* 

‘ Proe. Hoy. Boc.,’ 35, 345 . 

IV.B. ; V.A. i. 

101 

1884 

Tikhm . 

‘ J. Chem. Soe.,’ 46, 2f)0 . . 

IV.A. ; IV.B. 

102 

• 

Nicol 

‘ Phil. Mag.,* (5), 17, 537 

ir.A. ; IV.A.; 
IV.B. ; V.c. iii ; 
VII. 

103 


Tildcii and 
Shenstono 

‘ Phil. Trans.,* 176, 23 . . . 

ir.A. ; V.A. i. 

104 


Traube . 

‘ Her.,’ 17, 2:M)1 .... 

VI [. 

105 


Guthrie 

‘ Phil. Mag.,* (5), 18, 22, 495 . . 

‘ Phil. Mag.,’ (5), 18, 105 

ir.B. ; VI. 

106 


Guthrie 

V.A. i. 

107 < 


J^tard . 

‘ Compt. rend.,’ 98, 993, 1270 

ir.A.;V.A.i;V.B. 

108 


Etard . 

‘ Compt. rend.,* 98, 1432 
‘ Compt. rend.,* 99, 892 ; lOOi 773. 

1 

V.A. i. 

109 


Chancel and 
Parmentier 

V.A. i. 

110 


Roozeboom . : 

1 ‘ Hee. Trav. Chim.,’ 3, 85 
‘ Compt. rend.,’ 99, 1157 ; 100, 60 

Il.c. 

111 

1885 

Henry . 

! IV.B. 
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‘ OiMiipl. rend.,’ 100, 50 : 441 

V. A. i ; V.A. ii. 

113 


Raiipcustraucli 

‘ Wien. Sit/.. Ber.,’ 92, 11., 403 . 

IV. n. ; V.A. i. 

114 


tluthrio 

‘ J. Ohcni. Soc.,’ 47, 94 . . . 

ir.A. ; V.A. i. 

115 


Koozebooiii . 

‘ Itoe. Trav. Chiiii.,’ 4, 102 . . 

V.n. 

11(> 


(Jiiaud . 

‘ Bull. Sw. Ciiim.,’ (2), 43, 552 . 

V.c\ ii. 

317 



* Ann. V\\yB. CWiiu.,’ VViV> . 

yV.V'. \Vv. \ 

J18 

188(i 

AIvxcjclT 

‘ Ann. Fliys. Cheni.,’ (3), 28, 305 . 

1I.A. Vll.A. ; 

IV. A. ; V.A. i ; 

V. B.; V.aiii; 

VI. ; Vf 1. 

Hi) 


Wiozynski 

‘ Wien. Sitz. Ber.,’ 94, 11. 15. 

JV.n. ;V.A.i. 1 

120 


SetsdionulT . 

‘ Rleni. Ac. iSt. Petersb.,’ (7), 34, 3 

V.c. ii. 1 

121 


Eiip;oI . 

‘ Coinpt. rend.,’ 102, 113, 019 

V.r. hi. 1 

122 


Jeannol . 

‘ C’oinpt. rend.,’ 103, 381 

V.c. hi. ! 

123 


Alexojdl 

‘ l?ull. »Soe. dhini.,’ 42, 329 . . 

VJ. 

124 


Nicol . 

‘ Phil. Mag.,’ (5), 21, 70 . . . 

VIJ. 

125 

1887 

Sctschonotr . 

‘ Mem. Ae. 81. Potersb.,’ (7), 35, 7 

v.('. ii. 

120 


Engrl . 

‘ (’oiiipt. reiuL’ 104, 4.33, 500. 

V.c. hi. 
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CliaiU'd and 
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‘ (’on)j>t. rend.,’ 1C4, 474, 881 

V. A. h. 

128 
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‘ Coinpl. lend.,’ 104, 1011 

V.A. i. 

121) 


Lo (liatdier . 

‘ Conipt. rend.,’ 104, 079 

V.A. ii. 

130 


(iiiiowosz and 
WalHsz 

‘ Zeitselir. pby.sikal. Chein.,’ 1, 70 . 

llJ.n. 

131 


Sdiroder . 

‘ ,1. riiss. phys. Chein.,’ 19, ISO 

IV.A. 

132 


Sc'dlitzky 

‘ Mnnatsh.,’ 8, 503 .... 

IV.ii. ; V.\.i. 

133 


Rrauii . 

‘ Ann. Phj'S. Ciiein.,’ (3), 30, 250 . 

V.n. ; VII. 

134 


' Rraun . 

‘ Zeitsehr. pliysikal. Chein.,’ 1, 259 

V.n. 

135 
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' Kosiuan 

‘ Cheni. Zeii.,’ 11, 903 . 

VII. 

130 

1888 
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' Canicllcy and 
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• J. Chem. Soe.,* 53, 782 . 

UT.a. ; IV.B. 

137 
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Eiard . 

‘ (!ninpt. rend.,’ 106, 20(5, 740 

V.A. i. 
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Itoozobooni . 

‘ Zeitsehr. physikal. Chein.,’ 2, 513 
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Kngel . 

V.c. hi ; Vll. 
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Roozebooiii . 

‘ Ree. Trav. Chini.,’ 8, 1. 
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lil.A. ; IV.A. 

142 
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I ‘ Zeitsehr. ])hysikal. Cliiun.,’ 4, 117 
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1 ‘ C’oni]>t. rend.,’ 108, 170 

JI.A. ; V.A. i. 

144 

I 

i 

1 Nornst . 

! ‘ Zeitsehr. jibysikal. Clieni.,’ 4, 372 

V,r. h; V.c. 
ih; Vll. 

145 
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^ ‘ Ann. Phys. Cl jin.,’ (3), 37, 24 . 

V.c. ii. 

140 


IjO Cliatfliur . 

‘ (V)inpt. rend.,’ 108, 505 

V.A. i. 

147 
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WoukololT . 

‘ Coinpt. rend.,’ 108, (>71 

Jll.n. ; V.n. 

148 

1 

Lubarscli 

‘ Ann. l>hy.s. Chem.,’ (3), 37, 524 . 

V.c. i ; 11.C. 

149 

1 

Engel . 

‘ Ann. Chim. Phya.,’ ((}), 17, 338 . 

1 ‘ Coinpt. rend.,’ 109, 01 . 

1 ‘ Conipt. rend.,’ 109, 740 

V.c: hi. 

150 

1 

Woukoloir . 

HI. B. 

151 


■^itard . . 1 

V.A. i ; V.A. hi. 

152 


laard . . 

‘ Bull. Soc. Chem.,’ (3), 2, 729 . 

V.A. i. 

153 


PcttcrBSon . 

‘ Ber.,’ 22, 1430 .... 

II.C. 

154 


IVttors.son and 
iSonden 

‘ Her.,’ 22, 1439 .... 

JJ.c’. ; V.A. i. 

155 

i 

Pagliani 

‘ Cazzetta,’ 19, 235 .... 

V.A. ii. 

15() ! 


Winkler. 

‘ Ber.,* 22, 1700 . . . . , 

ll.c. 

157 ! 

1890 

MeycrhoflFer . 

‘ Zeitsehr. physikal. Chem.,’ 5, 99 

II.A.; V.A.i; 
V.c. hi. 

158 j 
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* Zeitsehr. physikal. Chem.,’ 5, 192 | 

I1I.A. ; IV.A. ; 
Vll. 
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Roozoboom . 

‘ Zeitschr. physikal. Choin.,’ 5, 208 

V.A. i. 
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Uieckcr and 
V'^an l)evont(?r 

‘ Zeitschr. physikiil. Chem.,’ 5, 559 

II.A. 

101 


^Jtard . 

1 ‘ Compt. rend.,* 110, 180 

V.A. i. 

1<>2 


1 Nornf^t . 

i ‘ Zeitschr. physikal. Chem.,’ 6, 35. 

VI. 1 

\ AVV.% 





194 


NoycH . 

1 ‘ Zeit.sehr. physikal. Chem.,’ 6, 211 

1[.A. ; V.(’.iii. 

195 


Le RIano and 
Noyos 

- ‘ Zeit.s(»hr. ])hysikal. Chem.,’ 6, 085 


199 


Doyor . 

1 ‘ Zoitsehr. physikal. COirni.,’ 6, 481 

i ll.n.;Tr.(\;lV.p. 

1()7 

ISfll 

Rohr and Rod 

V ‘ Ann. riiys. Chem.,’ (0), 44, 018 . 

‘ Rer.,’ 24, 89 ; 0002 

; ; V.A. i. 

1()8 


VVinklor. 

1 V..\. i. 

190 


Rlaroz . 

‘ (^ornpt. rend.,’ 112, 4.04, 808, 000 

1 V.c. iii. 

170 

! 

Kng(‘l . 

‘ Compt. rend.,’ 112, IlOO 

V’.c. iii. 

171 


'riinofojow . 

‘ Compt. rend.,’ 112. 1107, 1220 . 

\. ii. 

172 


I**lart‘z . 

‘ Compt. rend.,’ 112, 1210 

V.(\ iii. 

173 


ft lard . 

‘ (’ompt. r(*nd.,’ 113, (iOO 

V.x. i. 

171 


Hio(4vC' . 

‘ Zeitschr. ph^'^sikal. Chem.,’ 7, 108 

VI., VII. 

175 


I\las'3()n . 

‘ Nature,’ 43, 015 .... 

1 VII. 

179, 


Hodliind(‘r . 

! ‘ Z(‘ilschr. piiysikal. COiem.,’ 7, 008 

V.c.i; V.r.ii. 

17(iA 


; i>o(iIilnd('r 

j ‘ Z(iilsc.hr. physikal. ClnMn.,’ 7, 05S 

i V.e. iii. 

177 


^ 'I’rovor . 

‘ Zeitschr. physikal. (Oa'in.,’ 7, •1()8 

V'.c. iii. 

178 


1 Masson . 

* Z(‘ilschr. physikal. (’hem.,’ 7, 500 

VI., vir. 

170 


! Aiilich . 

■ ‘Zeit.sehr. physikal. Cliem.,’ 8, 105 

VI. 

180 


1 Nornst . 

1 ‘ Zeistehr. physikal. (Iiem./ 8, 110 

VI. 

181 


Van (h r Waab 

i ‘ Z(‘it.sehr. physikal. CIkmu.,’ 8, 105 

V.K. 

182 


lloo/(‘boom . 

‘ Zeitschr. physikal. Cli'mi.,’ 8, 504 

VI., vir. i 

180 


Ro(>Z<*bo<MM . 

‘ Zeitsehr. fdiy.sikal. Chein.,’ 8, 501 

V.r. iii ; \'fr. ; 

180 a 


Kiistor . 

‘ Zeitscihr. physikal. (’liem.,’ 8, 577 

VI. 

181 


SolsohonofT . 

‘ Zf'itsehr. iihysikal. (’hem.,’ 8, t»57 

v.c. iii. 

185 


Nicol 

. ‘ Phil. Mag.,’ '(5), 31, OtiO 

V.('. iii. 

18(i 

1802 

! 

’ Ktard . 

1 ‘ Cojiipt. rend.,’ 114, 112 

Iir.H. ; V.A.i; 
VII. 

187 

1 

1 

! 

1 

V^an Dovontor ' 
and Van d. , 
Stadt 

‘ Zeitsehr. physikal. Clumi.,’ 9, 40. 

V.A. i ; V.A.ii. ' 

i 

188 

i 

Ncrnst . 

‘ Z(‘itschr. x>hysikal. CIumii.,’ 9, 107 

Vr.;VIl. 

180 

1 

Pit*k(*ring 

‘ Pliil. Mag.,’ (5), 34, 05 . 

V.v. ii; vn. i 

190 

1 

WiiiUlcr 

‘ Zeitsijhr. physikal. Chem.,’ 9, 171 

I1I.\. ;V..\. i; 
VII. 

Ill.n. ; V.A.i., 

101 


Dch'^piiu? 

‘ ,1. Pharm. (’him.,’ (5), 25, 409 . 

102 


Ik'hrond 

‘ Zeitsidu*. ])hysikal. (’hem.,’ p, 405 

V.c. iii. 

100 


TT('nri(4i 

‘ Zeitsirhr. physikal. (Iiem.,’ 9, t05 

V. X. i. 1 

104 

1 

KiirnakolT . 

‘ J. russ. ]»hys. (Oiem. Soe.,’ 21, t)20 

iv.H. : 

105 

.i 

Noy(‘S . 

‘ Zeitsehr. physikal. Cliem.,’ 9, 900 

VJl. ! 
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1 

M(‘voi hnlT(*r . 

‘ Zt‘itsehr. phy.sikal. Chem.,’ 9, 941 

v.c. iii. : 

107 

1 

\V<‘i)fiior 

‘ Amer. Chem. ,1.,’ 14, (>24 . 

V.c. ii. 1 

108 

1 

i 

Roozoboom . 

‘ Z(*itHehr. i)iivsikal. Chem.,’ 10, 1|5 i IV.n. ; V’.a. i. , 

19‘) 

! 

Lobry d(^ 

^ Rmyn 

‘ Zeitsehr. physikal. (’horn.,’ 10, 782 

Ml.n. ;VTT. | 

200 1 

1 

i 

Rtard . 

‘ ('Jompt. rend.,* 115, 050. 

lir..i. :V.A. i; 1 
Vir. 1 

201 

1893 

ArrlKmins 

‘ Zeitsehr. physikal. t’h(*m.,’ 11. 301 

vn. j 

202 


Schrodt.T . 1 

‘ Zeitsehr. physikal. Chem.,’ 11, 440 

V.A. i. 1 

200 


‘Noyes . . j 

‘ Zoil-sehr. physikal. (Oiom.,’ 12, lti2 

V.C. iii. I 

201 


KohlraiiHc^h 1 
and Rose 

‘ Zeitsehr. physikal. Chem.,’ 12, 204 

II.A. 1 

1 

205 


fttard . .1 
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Report on Gaseam ConiUnistimi. 

By William Arthur Bone, D.Sc., Ph.D., F.J{.S. 

[Orderefl ))y the CJononii Coiiimitfpo to ])c joiMlrd in r.r/en.nf.] 

[Platk Vlt-l 

[This Report aims at summarising the results of the principal researches upon the 
chemical aspects of gaseous combustion during the past thirty yejirs.] 

Synopsis. 

Introduction.-' The earlier work of Davy and Bunson. The latter’s erroneous 
assumption of * disc'ontinuity ’ in gaseous coinhustion. The new era inaugurated 
by the investigations of Mallard and Le Chatelier, Berthelot and Vieille, and of 
H. B. Dixon and H. B. Baker. 

Section I. Ignition Temperatures and the Initial Phases of Gaseous FJxplo- 
sions. — Slow combustion below the ignition-point. Recent dcfermiriations of igni- 
tion temperatures by H. B. Dixon and H. F. Coward. Ratos of ignition. Photo- 
graphic researches of Mallard and Le Chatelier and of H. B. Dixon and his pupils 
upon tho initial phases of gaseous explosions and the influence of reflected 
compression waves in accelerating combustion and determining detonation. Dis- 
covery of ‘retonation* and its bearing upon tho question of residual or continued 
combustion in gaseous explosions. 

Section II. 77te Explosion irflre. — ^Discovery by Bert helot and Vieille of 
* detonation’ (Vonde explosive) in gaseous explosions. Theories advanced by 
Berthelot, H. B. Dixon, and D. L. Chapman rvsjx^cting rates of explosion. 
Influence of inert gases upon rates of explosion. Inferences to be drawn from 
observed rates of explosion ro.'jpoctiiig the combustion of gaseous carbon and 
of hydrocarbons. 

Section III. The Pressures produced in Caseous Explosions. Experiments 
by Bunsen in 1867, by Mallard and Le Chatelier in 188;i, and by Bert helot and 
Vieille in 1885. Discussion of the reasons why tho maximum pre.SBures ordinarily 
observed in gaseous explosions are always con.sidcrably less than those cnlciilated 
on the supposition of adiabatic i*onditions and tho constancy of the specific heats 
of the products. Evidences that (1) increases in tho spedfic heats of steam 
and carbon dioxide with temperature, (2) continued condmstion, and (3) loss of 
heat by direct radiation from cxplo.sion llames, affect the maximum pressures 
observed. Possible influence of dissociation. 

Section TV. The Influence of Moisture, upon //Vo?.- -Discovery by 

H. B. Dixon of the non-inflammability of a thoroughly dried mixture of carbon 
monoxide and oxygen. H. B. Baker’s researches. Instances in which gaseous 
combustion is apparently independent of the presence of wat/t^r vapour. Theories 
respecting tho function of steam in combustion. 

Section •V. The Combustion of Tlydrocnrbons.- Disproof of the older ideas 
of preferential combustion, whether of hydr()goii or of carbon. Theory of the 
intermediate formation of ‘oxygenjited ’ or ‘ hydroxy lated ’ molecules in hydro- 
carbon combustion as suggested by tho author’s researches. Schemes representing 
the combustion of typical hydrocarbons. Presence of water vapour not essential 
in hydrocarbon combustion. Outward differences bolween the partial combustion 
of olefines and paraffins. The much greater affinities of hydrocarbons as com- 
pared with hydrogen or carbonic oxide for oxygen at high temperatures. 

Section VI. The Influence of Hot Surfaces upon Combustion. — The earlier 
researches and theories of Davy, Dulong and Thcnard, William Henry, Thomas 
Graham, Dobereiner, Fusinieri, Faraday, and De la Rive. Surfaces as accelerators 
of gaseous combustion. Tfie factors operative in * surface combustion * as revealed 
by recent investigations. The * activation ’ of hydrogen by heated surfaces. The 
electrical condition of surfaces during surface combustion. 
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Introduction. 

Thr era in tlie scientific investigation of gaseous combustion with which 
this Report is specially concerned was inaugurated some thirty years 
ago by the pioneering researches of the French savants Mallard and 
Tjb Ohatelier, and M. Berthelot, on the initial stages of ‘ inflammation * 
and the setting up of ‘ detonation ' in explosive mixtures, and by the 
equally fruitful discoveries of IT. B. Dixoji and IT. B. Baker concerning 
the part played by steam in combustion. Previous knowledge of the 
chemistry of lire had been mainly derived from the rescnrchea of Davy 
and his contemporaries to iB 25 ), and those carried out or inspired 

by Bunsen some fifty years later. Davy’s work, primarily undertaken 
in c^rdor to cAncAdate tA^o c.a\iso5\ of oxpAosions in coal-mines, had disclosed 
and brought within range of experimental inquiry tlie. Abroad tacts coiv- 
nected with the ignition of explosive mixtures, the influence of narrow 
passages and of cold surfaces in extinguishing flames, the relative ‘ com- 
bustibilities ’ and ‘ explosion limits * of inflammable gases, and the 
effects of rarefaction and dilution upon gaseous combustion. Finally, 
his notable discovery of the flameloss combustion of hydrogen and of 
coal-gas in contact with a glowing spiral of platinum, followed by the 
more systematic investigations of Dulong and Thdnard, bad drawn atten- 
tion to the ‘ intensifying ’ influence of hot surfaces upon combustion, the 
importance of which has perhaps never been fully appreciated. 

But the work of Davy, standing as it does between the ages of 
Ravoisier and Clausius, and singularly fruitful as it was in its immediate 
practical results, gave rise to no great theoretical developments. Soon 
after his death the path of progress became choked with -error; there 
arose the dogma of the selecl.ive combustion of hydrogen in hydrocarbon 
flames, which, although inconsistent with Dalton’s experiments on the 
partial combustion of ethylene and methane, continued to dominate 
chemical science for more than half a century. There is no evidence that 
Davy hintself ever countenanced this doctripe, but it possibly may have 
been suggested to his immediate successors by bis mistaken views con- 
cerning the much higlier combustibility of hydrogen as compared with 
hydrocarbons — a notion which is still widely prevalent. 

Bunsen’s researches upon gaseous combustion, whilst they did in^ 
calculable service to chemistry and metallurgy in introducing exact 
methods of gas analysis and in elucidating the reducing action of carbon 
monoxide in the blast, furnace, unfortunately gave rise to certain 
TTiisconcepilons, due to unsuspected errors in the experimental methods 
employed. His experiments on the division of oxygen between carbon , 
Tnonoxide and hydrogen, which were origmlly undertaken to test the 
law of mass ac/iion, arc now recognised to have been vitiated by the fact 
that he worked with undried gases in a ‘ wet ' eudiometer. From his 
results, however, he concluded that the condition of equilibrium in such 
a case is determined by an assumed tendency to form certain ‘ hydrates 
of carbon dioxide,* and undergoes discontinuous alteration on gradual 
change in the relative proportions of the combustible gases originally 
present. But whilst this conclusion was afterwards disproved by the 
independent researches of H. B. Dixon and Horstmann, the underlying 
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notion of ‘ discontinuity * or variation per saltum in regard to gaseous 
combustion is still occasionally met with in technical literature. 

A similar error crept into Bunsen’s interpretation of the results of his 
measurements of the pressures produced when either hydrogen or carbon 
monoxide is exploded with half its own volume of oxygen at atmospheric 
pressure in a closed vessel. He contended that, in either case, one-third 
only of the gases combine in the first instance, wliereby the temperature 
of tlie syst< m is raised to some point between 28440 and 30330 ; that it 
then falls by radiation to 25580, between which point and 114GO a 
further one-sixth of tlie mixture combines, leaving the remaining half 
to burn as the system cools down to the ordinary temperature. This idea 
of combustioji per saltiun was revived again by von Oettingen and von 
Gernet in 1888, in coimet*li{)ri witli their photographic researches on tlie 

Wi, \Vi \\‘ObS \)ee\\ cleaTly \iro\cd 11 . B. 
Hixon tliat l\ie‘ir observations can be exjAained on oUier grounds. 

Bunsen’s first measurements of the rates at which flames are propa- 
gated ill gaseous mixtures (namely, 34 metres per second for a mixture 
2 II 3 -p Ojj, and 1 metre per second for a mixture 2G0 -\- Oo) have since been 
shown to apj)ly only to the initial stages of an explosion, where the gases 
combine with relatively very slow velocities compared with those charac- 
teristic of ‘ detonation. ’ It was in (he year 1881 tiiat Berthelot, and 
independently Mallard and Ta* (-hatelier, announced the discovery of the 
rajiid acceleration of the initial velocity of inllammatioii and the final 
attainment of the enormously higher conslaiiL velocity of the ‘explosion 
wave. ’ 

Si'ic'J’ioN 1. — Ignition Temperainres and the Initial Phases of 
• Gaseous bh-plosioyis . 

Ghemical change may be deli'.rmined in a gaseous explosive mixt ure 
at a much lower tcmj)eraturo than its ignition point. Thus, if electro- 
lytic gas be lieat-ed in a sealed bulb (o a temperature somewhat higher 
than 400^, the formation of steaij] can usually be detected after a lapse 
of a few days. Between 450^ riid 500° the rate of combination, although 
considerably greater, would still be iiisuflicient to cause any self-heating 
of the mixture, if, however, the temperature of the enclosure be 
further slowly raised, a ])oint (probably about IjbiP) would soon be 
reached at which self-heating of the mixture would begin; its tempera- 
ture would thus be raised above that of the enclosure, and the rate of 
coml)i nation ra|)idly accehirntod until explosive combustion would be set 
up. The pr^icise temperature at which this w'ould occur would obviously 
depend upon the amount of slow combustion wliicli had taken place 
during tlie preliminary lieating-up of the mixture. Thus it follows tliat 
the only way of determining the true ignition temperature of such a 
mixliure, undihiicd l)y tJu'- prodiiels of its own slow combustion, would 
be either to make the preliminary heatiiig-up period negligibly short, 
or, be.U.er still, to heat separately the combustible gas and the air or 
oxygen to the ignition temperature before allowing thorn to mix. 

The work of Victor Meyer and his pupils,* as also that of Holier * 

^ Annalen der Phys. und Chemie, 33. 58r». 

Ber., 1892, 26, 622 ; 1893, 26, 2421 ; Zeii, Phya. Chem., 1893, 2, 28. 

« Ann. Chim. Phys., 1897 rvii.], 10. 521. 
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and Emich, ^ which yielded very discordant results for the ignition tem- 
peratures of mixtures of the commoner inflammable gases with oxygen, 
doubtless suffered from the large amount of flameless combustion which 
occurred before the temperature of the mixture as a whole had been 
raised to the true ignition-point. 

Quite recently, however, H. B. Dixon and H. P. Coward,* using an 
apparatus in which the combustible gas and air or oxygen were separately 
heated to the temperature of the enclosure before being allowed to mix, 
have succeeded in fixing, within narrow limits, the ignition tempera- 
tures at atmospheric pressure of a number of gases. In the cases of 
hydrogen, carbon monoxide, and acetylene, the ignition temperatures 
were practically the same in air as in oxygen, thus : — 

111 Air In Oxygen 

Hydrogen .... 580®- 590® 58u°— 690® 

Carbon monoxide (moist) . U44°— (558^ 637°— 668® 

Acetylene .... 406^^-440’ 416°~440® 

In most other cases, iiowcvei*, Die IhniliTig lomp('roluves observed *ni 
air were higher thnn in oxygen, tlius: — - 

In Air In Oxygen 

Methane .... 650°-760® 55G®~700® 

Ethylene .... 542®-547° 600®-519° 

Cyanogen .... a50®-8r)2® 805®-818° 

Anotlier notable fact is that in an homologous series of hydrocarbons 
the limiting ignition temperatures appear to fall as the series is ascended. 
Tims we have (in oxygen) : — 

Methane, 550® — 700® ; Ethane, 520® — 630® ; Propane, 490® — 570®. 

During 190G-07 K. G. Palk, ^ acting on a suggestion by Nernst, en- 
deavoured to determine the ignition points of various mixtures of 
hydrogen and oxygen by comjircssing llieri in a stool cylinder by means 
of a weight falling on a piston. Assuming that (1) the mixture was 
heated adiahatically and uniformly throughout its whole mass until it 
reached tlie ignition }>oint, (2) that the whole then detonated instariia- 
iieously, and (Jl) that the downward iriuvement of the piston was arrested 
at the moment of ignition, he calculated tlie ignition temperatures under 
adiabatic compression shown in Ihe table given below. 

IT. B. Dixon, ^ in a recent criticism of Falk’s assumptions, contends 
that wliilsl (1) may be in certain cases practically true, (2) and (3) 
cannot be. allowed, and also that h^ilk’s results are unreliable on account 
of his having neglected to stop the descent of the piston the moment the 
gases were brought to the true ignition point. Adopting this necessary 
precaution, Dixon has rejieatcd Falk’s expcu’imcnts, with results which 
compare as follows when y is assumed lobe 1*40 in all cases: — 

* Monatfich»f 1900, 21, 1061, 

* Trans. Ghem. Soc., J909, 95 , 514, 

■* Journ. Amer. Ghcm. Hoc.^ 28, 1517 ; 29, 1536. 

^ Trans, Chsm. Soc., 1910, 91, 674. 



ON flASEOUS COMBUSTION. 


473 


Ignition Temperature 
under Adiabatie Compreasion 


Mixture 

Falk 

Dixon 

4IIa-|-0-2 . . . 

, . 606° 

— 

2Ha+Oa . . . 

. 540° 

536° 

H 2 + Oa ... 

. 614° 

630° 

Ha+20.2 ... 

. 630° 

520° 

Ha+40a . . . 

. 671° 

507° 


Using the specific heats of hydrogen and air found by Joly under high 
pressures, Dixon calculates tlie ignit.ion-i)oint of electrolytic*, gas to be 
557® from his experiments on adiabatic compression. From Dixon s 
results it would also appear that successive additions of oxygen to 
electrolytic gas regularly lower the ignition-point. 

We are i)rin(iipally indebl-ed to ihe photogiaphic resoarclies of IT. B. 
Dixon and his 2 ^uj)il.s ' for the most notable recent additions to our know- 
ledge concerning the initial phases of ex^dosion and the phenomena 
associated with the setting up of ‘ detonation ’ in gaseous mixtures. The 
first investigators to use a pJiotogi-aidiic meiliod were Mallard and 
life Ci\\«A,feV\feic Yw ou \\\fe \n\\,\‘A\ pWftfeH ol g?vsfeO\xa fex.p\o- 

sions.* They recorded the niovenu'iit of the flame along a horizontal 
glass tube on a sensitised plate moving vertically, thus obtaining a graph 
compounded of the t\N'o velocities. Failing to obtain any satisfactory 
records with such feebly luminous flames as those yieldecl by mixtures 
either of carbon monoxide or of hydrogen with oxygen, they employed 
mixtures of carbon disulphide with either oxygen or nitric oxide, which 
they regarded as typical of all ‘ oxygen * or ‘ air ' mixtures respectively. 

The behaviour of these mixtures was found to differ according as 
they were ignited near (a) the open or (h) tiie closed end of a tube. In 
the case of (a) the flame j)L’oceoded for some distance down the tube at 
a practically uniform velocity, which is the true rate of propagation ‘ by 
condiictioir ; with tlie mixture CS3 + 6NO this state was succeeded by 
an oscillatory period, the flame swinging backwards and forwards with 
increasing amplitudes, and then either dying out altogether or giving rise 
to ‘ detonation * ; with the oxygen mixtures the initial period of uniform 
slow velocity was shorter, and appeared to be abruptly succeeded by 
detonation without the intervention of any oscillatory period. When 
the nitric oxide mixtures were ignited near the closed end of the tube 
the forward movement of the flame was uniformly accelerated until 
detonation was set up. 

According to Le Chatelier the following numbers represent in metres 
per second me true initial rates of inflammation of the propagation 
of the flames * by conduction ') for various mixtures : — ■ 



Hydrogen and , 

Air. 




Hydrogen, per cent. 

10 

20 

30 

40 60 

60 

70 

Metres, per sec. 

0-60 

1*95 

3*30 

4*37 3*45 

2*30 

MO 


Methane and Air. 




Methane, per cent. 

6 

8 

10 

12 

14 

16 

Metises, per sec. 

003 

0-23 

0-42 

0*61 

0-36 

0-10 

Phil, Trans., 1903, Series A, 

200, 

316. 

* Annalea des Mines, 8“ 

S4r.,4. 
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Acetylene, per cent. 

. 2-9 

5 

7 9 

15 

22 

40 

60 

64 

Metres, per sec. 

. 01 

2 

4 0 

3 

0*4 

0*22 

0*07 

0*05 


Coal 

Oas and Air, 






Gas, per cent. 

. 8 

10 

12 

14 

15 

17 

20 

24 

Metres, per sec. 

. 0-30 

0*50 

0*72 

0-93 

1*06 

1*27 

0*80 

0*40 


Oxygen Mixtures, 

2CO + O 2 • • 2 metres per sec. 

2 H 2 + Oa , . . 20 „ „ 

eSa -f- 30j . . 22 „ „ 

CiHa + 2iO., . . 200 „ „ 

It should be noted that for mixtures of the same gas with various pro- 
portions of air, the initial rate of inflammation attains a maximum when 
the combustible gas is present in considerable excess of that required for 
perfect combustion. 

H. B. Dixon's experimental method consisted in photograpliing the 
explosion flame ivavelUng along a horizoniiil tube on a highly sensitive 
lilin rotated vevticuUy with a constant higli velocity (varying, howover, 
between twenty-five and fifty metres per second in different experiments), 
the explosion tube being placed at such a distance from the camera that 
the size of the image was about one-thirtieth that of the flame. In this 
way it was found possible to analyse the progress of an explosion from 
its point of origin up to the final attainment of its maximum force and 
velocity in * detojiation . ' The investigation also included the discovery of 
the wave of ‘ retonation,' which is thrown back through the still burning 
gases from the point where detonation starts (a phenomenon also in- 
dependently discovered by Le Ohatelier in 1900), of the effects of collision 
between two explosion waves, and of the passage of reflected waves 
through the hot products of explosion. 

The phenomena associated with the development of an explosion in 
a gaseous mixture, fired in a closed tube by a spark passed between 
wires a few inches from the closed end, are very clearly shown in the 
photograph reproduced in fig. 1 (Plate VJT.), which is analysed in the 
diagram fig. 2 (Plate VIT.). This photograph was taken during an experi- 
ment in which carbon disulphide was exploded with a quantity of oxygen 
represented by the expression OSa+fiOg. The flame, in starting at the 
point O, sends out invisible compression waves in both directions along 
the tube, which travel in advance of the flame with the velocity of sound 
through the unburnt gases, as represented by the dotted lines O M, O N 
in the diagram. The flame itself, travelling at first more slowly than 
the compression waves, traces the curves O A and O B. The compres- 
sion wave 0 N, on reaching the closed end of the tube, is reflected back 
again as N C, and, on meeting the flame (which is still travelling in the 
direction O A), retards it, and passes thence through the hot and probably 
still burning gases as the visible wave 0 D. An instant later it overtakes 
at D the front of the flame, travelling in the direction OB, thereby 
accelerating it and increasing its luminosity in consequence of the 
quickened combustion. The flame then continues to move forward with 
rapidly accelerated velocity until ‘ detonation ’ is set up at the point E. 
At this point a strongly luminous w'ave of compression E G (the ‘retona- 
tion wave *) is sent backwards through the still burning gases, which, on 



. Shrftii'ld, lit 10.1 
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reaching the near end of the tube, is reflected back again as G H. The 
' delonation wave ' E E passes onwards through the mixture with its 
characteristic uniform high velocity and intense luminosity. Fig. 3 
(Plato Vll.) is a similar photograph showing tJie development of ‘detona- 
tion * and the phenomenon of ‘ retonation * in the case of a mixture of 
cyanogen aiid oxygen (CgNa-f O 3 ) fired near the closed end of a tube. 

• Except in special circumstances (e.gf., when it is reinforced by 
another reflected wave) the velocity of the retonation wave is always 
inferior to that of detonation ; thus Le Ghatelier gives 2,990 metres per 
second for the ‘ detonation wave * and 2,330 metres per second for tlie 
‘ retonation wave ' in an oquiniolecular mixture of acetylene and oxygen. 
When, however, the ‘ retonation wave ’ is developed just at the closed 
end of a tube {e.g., when the explosive mixture is fired at such a distance 
from the closed end that ‘ detonation ’ is set up just as the flame arrives 
at the end) it may bo reinforced by a reflected wave, in which case its 
velocity cannot be distinguished from that of a true * detonation. ’ 

The explanation of the intense luminosity of tlio retonation wave, 
ajid its higher velocity than sound through the exploded gases, is to bo 
found in the fact that the combustion during the initial stages of an 
explosion is very much slower than when detonation is set up. Under 
the extreme conditions of ‘ detonation ’ the temperature of each succ(‘S- 
sivo layer of the explosive mixture is suddenly raised to the ignition 
point by adiabatic compression, and it is probaldo that a largo prop(U’tion 
of collisions between chemically opposite molecules are fruitful of 
change. The whole combustion is probably completed in an immeasur- 
ably sliort interval of time, as the result of a comparatively limited 
number of successive molecular collisions. But during the initial period 
of the explosion (‘ inflammation *) not only is the flame propagated with a 
much slower velocity, but also the actual process of combustion is much 
iniore prolonged than in detonation, and at the moment when detonation 
is set up combustion is still proceeding in the layers of gas for some 
distance behind the flame-front. The ‘ retonation ' wave, in passing 
backwards through these lay^'s, quickens tliis residual combustion, aiul 
is itself thereby rendered highly luminous. This interpretation is su[)- 
ported by the repeated observations of Dixon that the collision of two 
flames, in neither of which ‘ detonation ’ has been determined, will 
frequently give rise to reflected waves more rapid and more luminous 
tliaii the incident waves. There can be little doubt as to the important 
part played by reflected waves in determining the violent shattering 
effects associated with gaseous explosions 011 a large scale. 


SidOTioN II . — The Explosion Wave. 

Berthelot and Vieille, in announcing their discovery of the develop- 
ment of denotation (‘ Tonde explosive ’) in gaseous explosions,^ described 
it as ‘ une certaine surface r^gulaire, oil, se ddveloppe la transformation ^ 
et qui rialise un mAme Alai de combinaison, de tempArature, de pressure, 
etc. Cette surface, une fois produite, se propage ensuite, de couche en 


^ Ann. Chim. Phyn., 1881 28, 28U. 
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couche, dans la masse lout entiere, par suiLe de la transmission des 
chocs successifs des molecules gazcuses amendcs d un ctai vibratoire plus 
intense cn raison de la chaleiir dcgagce dans lenr romhinaison, el Irans- 
formecs sur place, on, plus cmclemcnt ^ avec an faihle deplaccment 
relatif . . / Such coiHliiicms arc comparable' with those of a sound 
wave passing through ih(3 gaseous mixture, with, however, the im- 
portant difference tliat, whereas a sound wave is propagated from layer 
to layer with a small compression and a velocity determined solely by 
the physical condition of (he vibrating medium, it is an abrupt change 
in cJieinical condition which is propagated in the explosion wave, and 
which generates an enormous force as it passes through each successive 
layer of the medium. Berthelot considered that the mean velocity of 
translation of the molecules of the products of combustion, retaining the 
total kinetic energy corresponding to tiie heat developed in the reaction, 
may be regarded as the limiting maximum rate of propagation of the 
explosion wave {$), which would be given in metres per second by the 
ecpiation. 





where 1’ is the absolute tenij»ei'at ure and p I he density of the ])roduc-ts 
referred to air. In calculating T, Beithelot made two erroneous 
assumptions — namely, (I) that the. s])ecific heats of the products arc 
independent of temperature and (*(pial to tlu' sum of tlie specific heats of 
the reacting gases, and (2) that the gases burn under conditions of 
constant pressure, lie was also of opinion that, owing to the high pres- 
sures generated, dissociatioTi [)lays no a[»[)reciable part in the phenomena 
of the wave. 

Jn thtur exj)erimontal vvoik Berthelot and Vieillo pi’oved that the 
velocity of the explosion wave is independent of the length of the column 
of gas traversed, and of the material or diameter of the tube employed 
(at least above a certain small limiting diameter). It was also im- 
material whether the tube was laid out straight, coiled round a drum, or 
even zigzagged. They also concluded that the velocity is independent 
of the initial pressure, but this is not strictly correct, as H. B. Dixon 
has since shown. The rate increases slightly with the initial pressure, 
attaining a nearly constant value at a j)ressure of about two atmospheres. 

H. B. Dixon, the bearing of whose researches upon the ques- 
tion of the mechanism of combustion will be discussed later, 
modified Berthelot 's theory in the following ])arliculars : ^ namely, 
by assuming (1) that the exidosion wave is carried forwaid by move- 
ments of molecules of density interinediat»e between that of the 
proflucts of combustion and that of the mibunit gas; (2) that the gases 
are heated at constant volume; (3) that the tem})crature of the gas 
propagating the wave is double that due to chemical reaction alone; 
(4) that the temperature is increased when the chemical volume of the 
products is larger, and diminished when it is smaller, than that of the 
unbumt gases; and (5) that the velocity of a sound wave is only 0‘7 of 

' The reader is referred to the original memoir in the Phil, Trans., 1893, 184, 97, 
for the details of the argument. 
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the mean velocity of tlie molecules in the gas. Dixon's formula for the 
rate of explosion of a given mixture is, therefore, as follows : — 


t;=0*7 x 29*354 



where Q = tlie heat developed by the reaction, v.^ and t;j*:the chemicaJ 
volumes of tlie products and unburnt gases respectively, p = the mean 
density of the products and the unburnt gases, and Gv = the specific 
heat of the products at constant volume, which Dixon wrongly assumed 
to be independent of the temperature, T = tlie temperature in C°, and 
y ~ the ratio of the specific heats. 

But, whereas the values of v, calculated by this formula, do in many 
instances correspond with those actually found (e.^., for mixtures of 
cyanogen and oxygen, and in nearly all cases where the detonating mix- 
ture is largely diluted with an inert gas), there are a large number of 
cases of undiluted detonating mixtures in which the agreement is not 
good {e.g.f for 2113 + Og calculated value is 3,416, whereas that 
actually found is only 2,821 metres per second). Dixon ascribed such 
chscrepancies to the partial dissociation of the products in the wave, but 
th(‘re is now little doubt that the formula docs not hold good, as Dixon 
himself readily enough admits.^ Nevertheless for many years it was a 
valuable working iiypothesis and inspired much fruitful investigation. 

In 1899 D. L. Chapman, following up a suggestion made by Schuster 
at the time when Dixon’s memoir was published, ^ deduced a formula 
for rates of explosion from Kiomann’s equation for the propagation of 
ail abrupt variation in the density and pressure of a gas, on the assump- 
tion that such a variation can be propagated without change of type.® 
According to this view the explosion wave is to be regarded as a wave 
of compression not in a homogeneous medium, but in a medium which 
is discontinuous in the vicinity of the wave-front. It is assumed (1) that 
the ‘ front ' of the wave (i.e., from the unexploded gas to the^^ point of 
maximum pressure) does not'"alter in character, or, in other words, that 
every portion of the wave travels with the same velocity ; (2) that Iho 
velocity is the minimum velocity consistent with (1) ; and (3) that at the 
point of maximum pressure the chemical change concerned in the propa- 
gation of the wave is complete. The unburnt gases immediately in fiont 
o£4Le waves are, of course, fired by compression, and the abrupt varia- 
tioAn the density and pressure of the medium is due to the chemical 
chajke. Chapman's formula for the velocity of the explosion wave in 
centimetres per second is 

CJp<o+ (0/>+Cj?)A], 

where R = the gas constant (1‘985), J = the dynamical equivalent of 
heat (42 x 10* ergs), /x = the gram equivalents of the mixture exploded 
(e.gr., 58 in the case of CJIa + Oa), n and m = the number of gaseous 

* See his recent presidential address to the Chemical Society, Tram. Chem. 
Sac.. 1910, 97, 665. 

« Loe. ctl., p. 162. * TM. 1890, p. 9<>. 

1910. I 1 
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molecules before and after the cheiiiical change in tlie wave, 0^, and Cj, 
the mean specilic heats of the products at constant pressure and 
volume j’espectivcly, h - the total heat generated in the wave, and 
= the initial temperature (abs.) of the mixture exploded. From the 
fact that tljc diliilioii of electrolytic gas (i^lig + Oa) with oxygen 
lowers its rate of explosion a little more than a corresponding dilution 
with nitrogen, CJhapman considers it iiii])rol)ablc that there is any 
appreciable dissociation of steam in the wave. He assumes that the 
molecular heat of steam rises more I’apidly with temperature than that 
of a diatomic gas, and that the molecular heats of oxygen, hydrogen, 
nitrogen, and carbon monoxide may for all practical purposes be con- 
sidered as equal at any given temperature. Selecting some seventeen of 
r.)ixon’s found rales of explosion, he has calculated by means of his 
forumla the corresponding molecular heats and temperatures, arriving 
at the following results for Op at intermediate temperatures by inter- 
polation : — 

Toiiipcnituie . . 4:{00'‘ 4000® ;i700® 3400° 3J00° 2800® 2500® 

I Steam . . . J4-75() 14*297 13*750 13*102 12*260 11*040 9*797 

1 Diatomic gasert . 7*707 7*674 7*641 7*608 7*675 7*542 7*509 

Witli the aid of this series of numbers he proceeded to apply his formula 
lo the calculations of the rates of explosion of some forty other mixtures 
investigatcid by Dixon, finding in aiJ cases close agreement between the 
found and calculated values, of which the following may suffice as 
examples .* — 


Mixture c*.\|)lo4(;d 

1 

Products ill the Wave. 

Temp. 

Kate of ExpluHioii. 
Metros per Second 




(Jalcu luted 

1 Found 

211.2 1 2N.,0 

2 H. 2 O+ 2 N 2 

3813® 

2,408 

2,305 

4JX..+2N.,0 

2H.20H 2N2+21f.2 

3077® 

2,604 

2,645 

6H:.-|-2N.,0 

2H.20-f2N2H-4H.2 

2612° 

2,720 

2,705 

21L-|-2N.,0-f2N.2 

2TI.,0+4N2 

' 3077® 

2,097 

1,991 

C., 114 + 20.2 

2CO 1 2 H 2 O 

4365® 

2,619 

2,681 

C..H 4 + 30 .. 

200+2H20-f-02 

3882° 

2,348 

2,368 

C-jIL-f- 0.2 

2GO+H.2 

5029® 

3,101 

2,961 

OH 4 -I 0., 

00 hHaO-f-Ha 

2772® 

2,502 1 

2,528 

2 CJI 4 + 3 O 2 I 

20O-h4RjO 1 

[ 3764® 

2,485 

2,470 

2 OH 4 + 3 O 2 -I Na 

2C0+4H20-PN2 1 

3613® 

2,363 1 

2,349 


A characteristic feature of detonation is the extremely short duration of 
chemical action and subsequent rapid cooling of the products, as compared 
with ordinary combustion. Some years ago the writer, working in con- 
junction with Bevan Lean, under Professor H. B. Dixon's direction, 
found by a photographic method that the duration of luminosity in each 
successive layer of gas in the detonation of electrolytic gas is certainly less 
than ^ second,^ a much shorter interval of time than was required to 
shatter a tube of thin glass attached to the end of the explosion coil used. 
This tube, although invariably smashed by the force of the explosion, 
^ Brit A 680 C, Beport, 1892. 
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always appeared perfectly intact in the photograph. Dixon's subsequent 
photographic researches have demonstrated the abrupt sudden ness 
with which the gases attain the maximum temperature in detonation, 
the intensity and short duration of luminosity, and the subsequent rapid 
cooling, as compared with ordinary combustion. Moreover, high as 
is the temperature attained, there is no evidence of any considerable 
dissociation of steam in the wave, for, despite the instantaneous cooling 
of the products, there is less than one per cent, of the gases loft uncom- 
bined after the wave has passed through electrolytic gas ( 2 H 2 + O^). 


Influence of an Excess of an Inert Gas upon the Ualp of Explo- 
sion . — Writing Chapman's formula as follows: — 

/*Vv 

2KJ 

and putting =A, and the terms between the square brackets = B, 

it will be immediately perceived that the addition of an inert diatomic 
gas {e.g., Hj, Ng, or O^) to a given explosive mixture will affect the 
values of both A and B, but not necessarily in tlie same direction. It 
will increase the value of /x and diminish the values of Cv and Gp 
partly by lowering the temperature in the wave and partly also (if steam 
or carbon dioxide be formed in the wave) by reason of its own specific 
heat being lower than that of the undiluted products. It will also in- 
crease the value of 7n without altering (m — n). If it be assumed that the 
molecular heats of the three diatomic gases under consideration are, for 
all practical purposes, equal at any given temperature, it will be at once 
seen that an equal dilution of a given explosive mixture, with any one of 
the three gases, whilst it will have an equal effect on all terms included 
under B, may either increase or diminish the value of A, according as to 
whether or not the plus effect of the lower value of Cv is counterbalanced 
by the minus effect of the increase in /x. If the latter effect be small, as 
would be the case with hydrogen as dilno.nt, the value of A would on 
the whole be increased ; whereas if the increase in ft were large, as 
would be the case with nitrogen or oxygen as the diluent, the value of A 
would on the whole be dirninislied. 

As an example of the probable effects of tlie equal dilution of a given 
explosive mixture with each of the three gases in queslioii, the case of an 
equimolecujar mixture of hydrogen and nitrous oxide, fired at 10° and 
760 mm., may be cited as follows: — 


Mixture 


Hj't* NaO“H 21X2 
Ha"!" NaO+ 2Na 
IIa’bNaO+ 20a 










V. ill Metres 









]ier 8ccoiul 

/l 

7)1 

))i— h 

/* 

Cv 

'reini». 

A 

Ji 











(^ileu- 

l:it(‘(l 

Found 


4 

0 

92 

10-81 

3813° 

16,640 

3,758,760 

2,426 

2.306 

g 

G 

0 

OG 

!9-10 

3077“ 

20,980 

3,261,500 

12,612 

2,645 


G 

0 

148 

79-10 

3077“ 

13,610 

3,261,600 

2,104 

1,991 

i-H 

6 

0 

166 

910 

3077“ 

12,830j3,251,600 

2,042 

— 


I I 2 
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An inspection of the figures under columns A and B will at once make 
it clear why, whereas dilution with hydrogen is invariably found to 
increase the rate of explosion of a given mixture, an equal dilution with 
nitrogen or oxygen invariably diminishes it, and also why the retarding 
influence of oxygen must always Be greater than that of an equal pro- 
portion of nitrogen. The following examples, taken from Dixon’s 
memoir, may be cited in support of the above argument: — 


Effects of Dilution upon the Rate of Explosion of Electroliftic Qas. 


Mixture Exploded 
211.2+0.2 • 
2H2+0.2+2H.2 
2FT2+0.2+4H2 

21T.2H0.2+6H.2 
2H.2+ 0*2+ 0-2 

211.2+ 0.2+ 30-2 

2 H. 2 + 0 . 2 +N 2 

2H.2\-0..+ m2 


Rate 

Metres per See. 

. 2,817 
. 3,268 
. 3,527 
. 3,632 

. 

. 1,927 

. 2,426 

. 2,055 


Effects of Dilution with Hydrogen upon the Rate of Explosion of Hydrogen and Chlorine, 

Mixture . . . H. 2 +CI 2 . . 2 H 2 +CI .2 . . SHg+Cb 

^ate . . . ],729 . . 1,849 1,855 nietre.s per sec. 


The Burning of Gaseous Carbon , — Of the many important facts 
brought to light during the course of Dixon’s investigation none are of 
greater interest than those relating to the burning of gaseous carbon in 
the explosion wave, as illustrated by the case of cyanogen. In view of 
the fact that the molecular heat of combustion of cyanogen, when burnt 
completely to carbon dioxide, is 250'6 kilogram 0. units, whereas, if Burnt 
1 o the monoxide, it would only be 1 23 units, it might be expected that the 
rate of explosion for a mixture (' 2 N 2 + 2 O 2 would he much liigher than 
for C 2 N 2 + O 0 , if gaseous carbon is primarily burnt to carbon dioxide in 
the wa\^e. The exact opposite is the case, however, as the following 
results show : — * 


Mixture Products Rate 

CiNj+Oa . . 2(X)+Na . . 2,7281 , 

OaN2+20a . . 2COa+Na . . 2|321 ) 


Still more cogent is the evidence in favour of the initial formation of 
oa-bon monoxide in the wave, when the following figures are con- 
sidered: — 


CaNa+0.j OaNaH-Oa-FNa 

Rate . . . 2,728 2,398 


CjNa-fOa+Oa 

2,321 


The conclusion to be drawn from the preceding figures is that cyanogen 
is initially burnt to carbon monoxide and nitrogen in the wave itself, any 
excess of oxygen afterwards burning up the carbon monoxide as the 
gases cool down in the rear of the wave. 

^ This conclusion was driven home by Dixon, in conjunction with 
Strange and Graham, by photographing on a sensitive film, rotated at 
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a speed of about 1,600 metres per minute, tlie explosion flame in the 
case of the three mixtures (a) GaNa+Oa, (b) OaNa+Oa+Na, and 
(c) 0aNa+20a. In each case the flame was photographed, after detona- 
tion had been set up, as it dashed past a glass window inserted 
into the lead explosion coil.^ The image obtained in the case of (a) 
showed an intensely brilliant flame (the explosion wave), slightly drawn 
out in tapering form ; in the case of ( 6 ), with nitrogen as diluent, the 
flame was less brilliant and somewhat more drawn out Uian in (a); but 
with (c) the flame, whilst no more luminous than in (b), was drawn out 
to great length, owing to the continued combustion of carbon monoxide 
in the rear of the wave. The hdlowiug diagram, fig. 4 (approximatdy 
to scale), will convey an idea of the relative durations of the llamcs in 
the three cases; — 

<65ffwn) 

(d) Mixture C2N7-V02 

< -- 25mm > 

(b) IHHErii I *■ Mixture 

» - 40 Aim ♦ 

✓ 

(rj T - ■ ■ . ■ ■■ . -.r.= = 

*■ . - . - ■ 130 mm. - 

Fia. 4. 

The Burning of Hydrocarbons in the Wave. — It was during the 
course of measurements of the rates of explosion of hydrocarbons with 
varying proportions of oxygen in 1801-1)2 that Dixon and his collabora- 
tors rediscovered facts (originally set forth by Dalton in his ‘ New System 
of Chemical Philosophy ') which finally disposed of the dogma that in a 
deficient supply of oxygen a ‘ selective * burning of hydrogen occurs. It 
was found that when either ethylene or acetylene is detonated with its 
own volume of oxygen the ultimate products consist almost entirely of 
carbon monoxide and hydrogen.* The rates of explosion, whilst they 
do not reveal the real mechanism of the combustion, show very clearly 
that, as in the case of cyanogen, the carbon of a hydrocarbon is burnt 
initially to the monoxide in the wave itself, the formation of the dioxide 
being an after-effect and taking place in the rear of the wave. In the 
cases of methane and acetylene the fastest rates are observed with 
cquimolecular mixtures, whereas with ethylene the rate increases with 
the proportion of oxygen up to the limit G 2 H 4 + 2 O 2 . As the question 
of the mechanism of hydrocarbon combustion will be fully discussed 
later, the following rates of explosion, as determined by Dixon, may 
now be given without further comment: — • 

(A) Methane and Oxygen in Varying Proportions, fired at 10® and 760 mm. 
Mixture . CH 4 +O .2 CH 4 -I-HO., 01144 - 20.2 CH 4 f 30.2* 0114+40.2 

2,628 2,470 2,322 2,146 1,963 

'•‘‘Compare this with the 2,154 metres per sec. observed for 0114 + 1 ^ 0 . 2+1 JN .2 
as showing the inertness of at least the moiety of the oxygen in the wave. 

^ Trans. Chem. Soc., 1806, 69, 759. 

* Vide Lean and Bone, Trans, Chem, Soc,, 1892, 61, 873, and Bono and Cain, ibid,, 
1897, 71, 20. 


Mixture 

C^N^^zO. 
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(B) Klhylcne, mid Oxyge.n in Varying Projiorlions, fired at and mm. 
Mixture . | OjHj-f-20;. Cjlfj } 30^* 0jlf,-i-4Oa 0 ^ 1144-002 

Rate ill moU-esj^ 2,507 2,681 

per sec. I ’ ' 


, 2,368 2,247 2,118 

* Compare this with the 2,413 metres per sec. observed for C2H44-202H-N2. 


(C) Acclt/lcne and Oxygm in Vnryitvj ProimlionSj fired at 10° and 700 mm. 
Mixture . Odf^ |-(). UO,, C^Ha hSiO.^* “ 

2,710 2,391 

* Compare tliis with the 2,414 metres per sec. observed for C2H2+li024-N2. 


SKCTior III . — The Pressures yroduced by Gaseous Explosions. 

Many investigators, from the time of Bunsen's well-known experi- 
ments in 1807 onwards, have measured the pressures produced in 
gaseous explosions, with doubtless considerable success so far as what 
may })e termed ilic mean effective pressures arc concerned. As the 
subject is at present engaging tlie attention of a Committee appointed 
by the Association in 1907 any Icngtiiy reference to it in this report 
may seem superfluous. Nevertheless, if only for the sake of complete- 
ness, a brief resume of our present knowledge may not be out of place. 
The explosion vessel employed by Bunsen was a stout glass tube 
815 cm. long, V7 cm. internal diameter, and of 18 c.c capacity. It was 
closed by a suitable valvci, the load on which could be adjusted until it 
was just lifted when the explosive mixture was fired by means of a 
powerful spark pa.ssed along the axis of the tube. Bunsen considered 
that the combustion would occur under adiabatic and ‘ constant volume ' 
conditions, and he identilied (he rate of ignition of a particidar mixture 
with that of t he complel ion of chemical change. In calculating from his 
results the corresponding flame temperatures lie assumed the constancy 
of tlie specific heats of steam and carbon dioxide. Finding that the pres- 
sures recorded in the cases of electrolytic gas and of a mixture of carbon 
monoxide and oxygen in their combining proportions (namely, 9'5 and 
10*1 atmospheres resjiectively) were somewhat less than one-half of 
those theoretically recpiired on the above assumptions, he concluded 
tliat in eacli case combustion had proceeded per sallum, owing to the 
supposed theoretical flame ternperatu’^es exceeding the limits at which 
steam and carbon dioxide respectively are completely dissociated. 
The jiroblcrn was again attacked independently by Mallard and Lo 
Ohatelicr in 1883,^ and by Berthelot and Vicille in 1885.^ The last- 
named fired various gaseous mixtures at atmospheric pressure in a 
spherical iron bomb, iiKjasuring the effective pressures by the movement 
of a light piston working against a spring in a tube attached to the bomb. 
In order to gain some information respecting the possible cooling influ- 
ence of Ihe walls upon the effective pressures recorded, three bombs of 
different capacities — namely, A of 300 c.c., B of 1,600 c.c., and C 
of 4,000 c.c. — ^were employed. The results, expressed in each case as 
atmospheres in excess of the atmospheric pressure, were as follows: — 

’ Anmles des Mines, 8oc. viii., vol. 4. ^ Ann. Ghim. Phya, [vi.], 4, 13. 
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Bomb 

A 

B 

(1 

Capacity in cm.’’ 

300 

1,500 

4,000 

Surface in cm.‘^ 

216 

648 

1,220 

Surface per unit volume . 

0*72 

0-43 

0-33 

1 

Diameter in cm. .... 

6-0 

' 14-2 

21-7 1 

Lcngtii of firing piece in cm. 

6-3 

5-3 

6-3 1 

IVavcl 

of flame before reaching 



1 

the piston in cm 

01 

16-3 

21*8 



Af ins. 

Atms. 

Atms. 

c 

2II«;-y-02 .... 

7*41 

0-60 

0-8()x ^ 


200f(h .... 

0-20 

0-03 

10-21 2 


OH4-I-20.. .... 

MOI 

I4SI 

jfl-si 1 1 


0,N,-|-0, .... 

. — 

— 

2iVlI £ 

C,N2|-20, .... 

— 

— 

20-90/ ! 

Tirm required for flame to travel from 



i 

the firing piece to pmion of indicator. 




Mixture 1 .... 

Mixture I 2 C 0 +O 0 .... 

0-00104 sec. 

— 

0-00214 see. ' 

0-01286 S(‘e. 

— 

0-01551 sec. 


Perhaps Uic most notable feature about those rosulis is the smallness 
of the difference between the pressures observed wiib bombs A and 0 
in any particular case. These differences might at first sight he attri- 
buted to the (supposed) much smaller cooling influence of th(‘. walls 
of the bomb (I as compared with bomb A, but if this were the true 
.explanation the difference should he greater witli the slow-burning 
2CO+O2 mixture than with tlui fast-burning atr^ l 0 ^, whereas the 
opposite was the case. Moreover the fact that dilution of the 
mixture 2112-1-02 with twice its own volume of nitrogen almost 
obliterated the difference between tlie pressures oliserved in the 

vO 

cases of bombs A and 0 (the ratio for ilu'. diliil(‘d b(*.ing ns 

against 0’76 for the nndihited mixture) is all against the cooling theory. 
The more probable explanation is to be found in the faci. that, owing to 
the much longer travel of the flame before it reached the piston of the 
indicator in bomb 0 as compared with A, the explosion would be in a 
more advanced phase of its development, and this would be most mai’kcd 
in the case of the fastest burning mixtures. Berthelot and Vieille assumed 
that in tlio. above experiments comydeiion of the combustion syn- 
chronised with the attainment of maximum pressure, and attributed 
the marked disparity between the observed pressures (bomb 0 ) and those 
calculated from the heats of combustion (on the assumption of adiabatic 
conditions) to a rapid increase in the specific heats of siearn and carbon 
dioxide at high temperatures. They considered it improbable i.hat dis- 
sociation phenomena play any conspicuous part in limiting the pressures 
attained. 

Mallard and IjC Chatelier,^ who used a Bourdon gauge for measuring 
pressures and applied a ‘ cooling correction ’ to their results, arrived at 
practically the same conclusion as Berthelot and Vieille ® respecting both 
^ Loe. ett 2 Ann. Chim. Phys. [vi.l, 4, 13. 
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tlie increase of the specific lioats of steam and carbon dioxide with 
temperature and the small if not negligible influence of dissociation. 
They calculated that the temperature of the flame when moist electro- 
lytic gas is exploded in a closed vessel at atmospheric pressure is about 
3350®, and that the mean molecular heat of steam at constant volume 
between 0® and 3350® is 36*6. In the case of the mixture 2 CO + O 2 
they concluded that the molecular heat {C„) of carbon dioxide rises 
to 13 G at 2000®, above which temperature dissociation comes into 
play. 

The experience of all subsequent investigators has confirmed that 
of Bunsen and the French savants, in so far as the facts of the case 
are concerned. It may be taken as commonly agreed that the maximum 
effective pressures recorded when gaseous mixtures are fired in closed 
vessels are always considerably less than those calculated on the 
assumption that the whole heat of combustion is communicated without 
loss to the products, and that the specific heats of the products do not 
vary with temperature. Thus in the case of Mr. Dugald Clerk's 
experiments, where hydrogen and air mixtures w'ere exploded at 

atmospheric pressure in a closed cylindrical vessel 21 cm. long, 
.17*75 cm. diameter, and 5*2 litres capacity, the maximum pressures, 
recorded by a Eichards’ indicator making a graph on a revolving drum, 
varied between about 50 and 60 per cent, of those calculated on the 
above assumptions, as follows: — 

Mr. Dugald Cleric* 8 Experiments (1884-85). 

Vols. Air to 1 ^%)1. IlyUrogrii 
4 6 

Maximum pressure found . . 6*44 . . S-CS . . .*1*80 .Atmo- 

Maximum pressure calculated ou spheres 

the above assumptions . . 13*0 . . 9*45 . . 7*0 J 


c 

Another feature (since confirmed by cnany subsequent observers) 
brought out by Mr. Clerk’s experiments was the very short time required 
for the attainment of maximum pressure relative to the subsequent 
cooling period. Thus in the case of the mixture of 1 vol. hydrogen with 
-.1 vols. air, the maximum pressure of 68 lb. per square inch above the 
atmospheric w^as attained in 0*026 sec., whereas the subsequent cooling 
j)(*riod occupied T05 sec., or forty times as long. 

The great disparity between the found and * calculated '.maximum 
pressures has been attributed by the various investigators concerned to 
one or other of the following causes, namely : — 

J . To iha marked increase in the specific heats of steam and carbon 
dioxide v)ith temperature. That this is a true cause is now generally 
admitted ; as, however, the subject was fully dealt with in the first report 
of the Committee appointed by the Association in 1907 for the 
investigation of gaseous explosions, it need not be considered in any 
detail here. 

2. To the fact that in ordinary gaseous explosions, where detonation 
has not been determined, combustion is by no means instantaneous, and 
may not he completed within the period required for the attainment of 
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maximum pressure, Mr. Dugalcl Clerk put forward iliia suggestion as 
long ago as 1886 * in criticising the conclusions of Mallard and Ije 
Chatelier respecting the great increase in the specific heats of steam 
and of carbon dioxide with temperature. He considered it highly prob- 
able that combustion extends far into the actual ‘ cooling period ' in 
gaseous explosions (and hence the long drawn out ‘ cooling curve '), so 
that the system loses a certain part of the heat of combustion before 
the chemical action is completed. This idea of a continued combustion 
finds support in H. B. Dixon’s photographic researches, and chemists 
generally will concede its reality in any gaseous combination in which 
detonation is not determined. But to what extent it may bo held to 
affect the pressures actually recorded by explosions is still a matter of 
conjecture. 

3. To loss of energy by direct radiation, Tims in the explosion of a 
mixture of hydrogen and oxygen it is conceivable that the initial action 
results in the formation of an intensely vibrating molecular complex from 
which steam issues as the first recognisable product. Some experiments 
made in 1890 by Eobert von Plelmholtz ^ showed that non-luminous 
hydrocarbon flames radiate about 5 per cent, of the heat of combustion 
of the gas, and more recent experiments by Professor Callendar and 
Mr. Nelson show that the heat radiated from an ordinary non-luminous 
Bunsen flame may amount to between 15 and 20 per cent, of the total 
heat of combustion, a figure which is in close .agreement with the results 
of experiments carried out by Mr. E. W. Smith under the auspices of 
the Gas-IIeating Eesearcli Committee appointed by the Institution of 
Gas Engineers in conjunction with the University of Leeds. There is, 
therefore, little doubt but that this cause is truly operative in gaseous 
explosions. 

4. To dissociation of products (steam and carbon dioxide). In the 
case of two combining gases producing a dissociable product, it is clear 
that if the average temperature in the system reaches that at which disso- 
ciation begins the combustiov must be delayed whilst heat escapes 
from the system by radiation and conduction. Qualitatively the partial 
dissociation of steam and carbon dioxide has been proved at temperatures 
which are certainly exceeded by those of explosion flames, but it may 
be urged that, inasmuch as all experiments upon dissociation have up to 
the present involved contact with hot solid surfaces, there is no positive 
evidence that the phenomenon would play .any conspicuous part in an 
unconfined gaseous system. On the other hand, there is direct experi- 
mental evidence of the attainment of enormously high temperatures in 
the explosion wave, temperatures which would generally be considered 
as far beyond that of the initial, or perh.aps even of the cornplele, dis- 
sociation of steam or of carhon dioxide. Moreover, the fact that the rate 
of explosion of electrolytic gas is retarded rather more by an excess of 
oxygen th.an by a coiTesponding excess of nitrogen is inconsistent with 
the supposition of any appreciable dissociation of steam in the explo- 
sion wave, and photographic records give no evidence of continued 

* Proc, Inst, Civil Engineers, 86. 

^ Beibl&Uer, 14, 589. 

^ See pp. 10-13 of the Committee 8 Second Report, 1010. 
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combination in the rear of the wave except where there are two or more 
chemical stages in the combustion. 


Section IV . — The Influence of Moisture upon Comhusiion, 

Thirty years ago H. B. Dixon, in repeating Bunsen's experiments on 
tlie division of oxygen between carbon monoxide and hydrogen, both 
present in excess, discovered that a mixture of carbon monoxide and 
oxygen, dried by long contact with phosphoric anhydride, will not explode 
when sparked in the usual way in a eudiometer, whereas the presence 
of a trace of moisture or of any gas containing hydrogen (e.g., methane, 
ammonia, or hydrogen chloride) at once renders the mixture explosive. 
These experiments, proving as they did the complexity of what at first 
sight would appear to be one of the simplest cases of combustion, 
opened up a now field of scientific investigation. 

In 188^1 TT. B. Baker, working in Dixon's laboratory at Balliol 
College, Oxford, found l-hat purified charcoal, when heated to redness in 
carefully dried oxygen , burns with extreme slowness and without flame, 
yielding principally the monoxide, the propoition of the dioxide formed 
varying inversely with the degree of dryness of the oxygen. In a further 
series of experiments he proved that highly purified sulphur or phos- 
phorus may be repeatedly distilled in an apparatus filled with carefully 
dried oxygen, without any combustion whatever occurring, although the 
admission of even a trace of moisture at once causes a vivid burning. 
In subsequent investigations extending over a number of years, Baker 
has shown that a large number of gaseous interactions are either con- 
ditioned or greatly accelerated by the presence of moisture. Thus a 
dried mixture of hydrogen and chlorine does not explode on exposure 
to sunlight, dried ammonia and hydrogen chloride are mutually inert, 
and dried electrolytic gas, free from hydrocarbon impurity, can be heated 
to redness without exploding. 

The amount of moisture required to bring about such chemical 
changes as the above is surprisingly small. E. W. Morley has esti- 
mated that fhe mere passing of a gas through a long column of 
phosphoric anhydride leaves only 3 milligrams of water vapour in 
a million litres (or rather less than 4 molecules of steam per 1,000 
million molecules of gas), and yet a much more prolonged drying is 
usually required to inhibit chemical action. Such facts as •these, even 
if they do not raise doubts as to the adequacy of the usually accepted 
kineiic views of chemical processes, at least suggest the necessity of 
some less stringent application of them. 

The dependence of the combustion of carbon monoxide upon the 
presence of water vapour is well illustrated by H. B. Dixon's determina- 
tion of the rates of explosion for mixtures of carbon monoxide and oxygen 
in combining proportions containing varying amounts of water vapour. 
Starting with a ' well-dnod ' mixture, the rate of explosion increases 
with successive additions of moisture, from 1,264 to a maximum of 1,738 
metres per second for a mixture saturate^d at 35®, any further addition 
of steam having a decidedly retarding influence, as follows: — 
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Rates of Explosion, at 10^ and 760 mm., for a mixture 2C0-\-0-2 co7itaining varying 
Proportions of Steam, 


Hygroscopic Condition 

Per Cent. 
Moisture 

Rate in Metres 
per Second 

Well dried 


1,264 

Saturated at 10° 

1-2 

1,676 

„ 20° 

2'3 

1,703 

„ 28“ 

3-7 

1,713 

„ 36“ 

6-6 

1,738 

46“ 

9-5 

1,693 

„ 66“ 

15*6 

1,666 

„ 66“ 

24*6 

1,626 

,, 76“ 

380 

1,266 


Before entering upon a discussion of the theoretical aspects of the 
matter, certain other facts must be considered, namely : — 

1. In the detonation of a dried mixture of cyanogen with twice its 
own volume of oxygen the formation of carbon dioxide is complete; 
moreover, under such conditions it has been proved that carbon mon- 
oxide is primarily formed in the wave itself, the second stage of iJic. 
combustion — najiiely, 2 CO + O 2 = 2 C 02 — taking place in (he rear of the 
wave.' 

2. A well-dried mixture of carbon monoxide per cent.), ozone 
(8 per cent.), and oxygen cannot be fired with a powerful electric spark; 
also, on sparking a well-dried mixture of carbon monoxide (GO per 
cent.), chlorine peroxide (29 per cent.), and oxygen (11 per cent.), 
although a flalne is propagated through the gases, as much as 7G per 
cent, of the original carbon monoxide may remain unburnt.* 

3. Dried carbon monoxide and oxygen completely combine without 
flame in contact with a heated platinum wire ; moreover, the writer has 
recently proved that the most careful drying possible greatly accelerates 
the rate at which the gases ^combine in contact with a hot lire-clay 
surface at 500^. 

4. There are certain well-established instances in which cornbusiion 
is not determined by the presence of moisture — namely, the combus- 
tion of cyanogen, of carbon disulphide, and of hydrocarbons (ethane, 
ethylene, and acetylene). 


• Theories respecting the Function of Moisture. 

1. H. B. Dixon has consistently maintained that, in the combustion 
of carbon monoxide, steam merely acts as the carrier of oxygen ; lie 
contends that in explosions the formation of carbon dioxide is always 
limited by its dissociation, and that at the highest temjie.rature {o.g., 
in the wave-front when the mixture OoNg + 202 is detonated) it is not 
formed at all by direci interaction of the monoxide and oxygen, because 
the internal energy which would thereby be imparted momentarily to the 
newly-born dioxide molecule would bring about its dissolution. For the 
1 H. B. Dixon. 

^ H. B. Dixon and S. J. Russell, Trans. Chem. Soc., 1897, 71. 60«5. 
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same reason flame is not propagated through a dried mixture of carbon 
monoxide and oxygen. But, if steam be present, the interaction of 
CO + OHa = C02 + would bring molecules of the (Jioxide into existence 
with ii much Jess degree of internal agitation, and therefore capable of 
continued existence, whilst the hydrogen liberated would immediately 
combine with oxygen, forming steam, which is less easily dissociated 
than carbon dioxide. This explanation, whilst consistent with many of 
the facts connected with the combustion of carbon monoxide, cannot be 
extended to other well-knowm instances, and is particularly inapplicable 
to the case of hydrogen. 

2. Mendelejeff, in his ‘ Principles of Chemistry,’ ascribed the mutual 
inertness of carbon monoxide and oxygen to the circumstance that gases 
combine according to a supposed ‘ law of equal volumes,* or, in other 
words, that from the kinetic standpoint the primary changes in all cases 
must be considered as involving the collision of two molecules only. 
In the case of carbon monoxide he postulated the following cycle of 
changes : — 

(i) CO+OH2=CO.,+ Ha; (ii) H2+Oa=H.A; (iii) CO+OaHa=COa+OH.2. 

But, according to this supposed * law of equal volumes,* a well- 
dried mixture of carbon monoxide and nitrous oxide, or of carbon 
monoxide and ozone, should be active, whereas Dixon has proved them 
to be as non-explosive as a dried mixture of the monoxide and oxygen. 

3. H. E. Armstrong has always contended that chemical actions 
cannot occur between two perfectly pure substances, but require the 
conjunction of an electrolyte in order to form a closed conducting 
system. The presence of steam, which he supposes ^lay always be 
regarded as rendered ‘ conducting ' by association with some traces of 
an electrolyte impurity, provides the necessary conditions for the 
passage of the current, the oxygen playing the part of depolariser, 
thus : — 

o Before. After. 


() 

HaO 

CO 

• 

OHa 

OCO 

1 

0 

HiO 

CO 

-> 

OHa 

OCO 


On the other hand, H. B. Dixon has urged that a rate of explosion of 
nearly 1,700 metres per second for a moist mixture of carbon monoxide 
and oxygen is incompatible with any interaction of the complexity thus 
postulated. There is doubtless prima facie much force in this objection, 
but it is by no means fatal, seeing that the dimensions of the explosion 
wave are incomparably greater than molecular units, and the duration 
of chemical action, though extremely short when measured in terms 
of ordinary gross units of time, is at least many thousands of times 
greater than the intervals between successive molecular collisions.’^ A 
more serious objection to Armstrong’s theory is the fact that there are 

^ As the writer understands Dixon’s objection to Armstrong’s view, it is that 
whilst chemical action in the explosion wave may last a comparatively long time 
(t.e., during many molecular collisions), and that therefore a quintuple molecular 
collision might happen in that period, it is impossible for the wave to be propagaJted 
as a sound-wave through quintuple collisions. Ordinary sound-waves may be many 
molecules thick, but they arc propagated through bi-moleoular collisions. 



ON GASEOUS COMBUSTION. 


489 


several well-established cases in which combustion apparently does not 
depend upon the presence of moisture. 

4. In 1893 Sir J. J. Thomson ^ pointed out that if the forces holding 
the atoms together in a molecule are electrical in character, the presence 
of drops of any liquid (such as water) of high specific inductive capacity 
would probably cause a sufficient loosening of the bands between the 
atoms to render the molecule much more reactive. He showed that 
the complete drying of a gas renders it non-conductive. H. B. Baker, 
in his Wilde Lecture before the Manchester Literary and Philosophical 
Society,* described a number of new experiments which led him to 
put forward tentatively the theory that chemical interchanges in gaseous 
systems depend upon the presence of both ‘ ions * and water vapour ; 
the ‘ ions * act as nuclei for the condensation of steam, and the liquid 
drops of water so formed, by virtue of tlieir high specific inductive 
capacity, facilitate chemical change in the layer of gas immediately in 
contact with them. Ohernists will await with the greatest interest the 
further development of this hypothesis, but the idea that such rapid 
changes as are met with in gaseous explosions are dependent upon the 
formation of aggregates of steam molecules in an atmosphere containing 
fewer than four of them per 1,000 millions, and that such aggregates 
approximate to liquid drops at the high temperatures of flames, makes 
large demands upon the imagination, and it will require to be supported 
by the strongest experimental evidence. 


Section V . — The Combustion of Hydrocarbons. 

The questidn of how a hydrocarbon is attacked by oxygen in com- 
bustion has been the subject of much controversy during the past 
twenty years, but it is only quite recently that experimental inquiry 
has been pushed far enough to justify the advancement of any complete 
theory of the process. 

Throughout the greater part of last century it was accepted as an 
article of faith among chemists that hydrogen is the more combustible 
element of a hydrocarbon; thus, as late as 1884 H. B. Dixon, in 
his Cantor lectures on ‘ The Use of Coal Gas,* speaking of the com- 
bustion of ethylene in its bearing on the luminosity of hydrocarbon 
flames, said: * This ethylene, when it is raised to a high temperature in 
contact with air, is decomposed, the hydrogen burning first and the 
carbon aftexwards. There is a race for the oxygen of the air between 
the two constituents of the ethylene, and the hydrogen, being the fleeter 
of the two, gets to the oxygen first, and is burnt to water.' Eight years 
later, when it was discovered in Dixon *s laboratory that an equi- 
molecular mixture of ethylene and oxygen yields on detonation almost 
exactly twice its own volume of carbon monoxide and hydrogen, * in 
accordance with the empirical equation 

CaH4+ 09*200+ 2H2, 

' Phil. Mag., 36, 321. * Man. Mem., 68 , part iJi. 

* H. B. Dixon, Phil. Trana., 1893, 160 ; also Lean and Bone, Trane. Ohem. Soc., 
1802, 61, 873. 
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and also when Smithells and Ingle, about the same time, in their 
researches on the Structure and Chemistry of Flames, discovered 
hydrogen in the interconal gases of aerated hydrocarbon flames, ^ the 
dogma of the preferential combustion of hydrogen became untenable. 
Attempts were then made to revive an idea originally put forward by 
Kersten in 1861 — namely, that * before any part of the hydrogen is 
burnt all the carbon is burnt to carbonic oxide, and that the excess of 
oxygen {if any) divides itself between the carbonic oxide and hydrogen. * 
H. B. Dixon was himself inclined to this view, and Smithells spoke of 
the * preferential * burning of carbon both in his 1892 paper and in his 
lecture on * Flame ’ at the Nottingham meeting of the Association in 
1893, although he has since disclaimed any intention of exalting the 
idea into a gentjral doctrine. 

The idea of a ‘ selective ’ combustion, whether of carbon 
or of hydrogen is, however, so repugnant to well-established 
})rinciples that it could hardly be expected to meet with general 
acceptance in any final or complete sense, and there were many, 
sceptics as to its validity. Moreover, whilst in tlie cases of acety- 
lene and ethylene the assumption of a direct transition from the system 

OnUm + to Iniplics a simple transaction from 

2 2 

the kinetic standpoint, an extension of the idea to the cases of such 
hydrocarbons as propane or propylene would obviously raise serious 
difficulties, 

2aHB+30,=fiC0+ 811.2, 

SCsHo+SOa-eCO + GHa. 

It therefore seemed necessary to consider whether the solution of the 
problem might not lie in the assumption of an initial association of 
the hydrocarbon and oxygen forming an unstable ‘ oxygenated ' or 
‘ hydroxyl ated * molecule, as suggested by 11. E. Armstrong many 
years ago, and it was with some such possibility in view that the writer 
undertook the re-investigation of the subject about ten years ago. 

Previous workers had confined theif attention to combustion at 
such high temperatures as prevail in hydrocarbon flames and the ex- 
plosion wave — conditions highly unfavouraldo to the detection or isola- 
tion of unstable intermediate ‘ oxygenated * products, if such are really 
formed. It was therefore decided first of all to make a systematic 
study of hydrocarbon combustion at temperatures below the ignition- 
points of the mixtures used, where the rate of oxidation would 
be much slower and more controllable, and intermediate products 
more stable. The hydrocarbons selected for investigation were 
methane, ethane, ethylene, and acetylene, and at the outset of 
the work it was fortunately discovered that all *four gases com- 
bine with oxygen at temperatures much below those at which either 
hydrogen or carbon monoxide begin to be oxidised with any appreciable 
velocity, or at which either carbon reduces steam or the reversible 
reaction CO+OH 2 = CO 2 +H 2 could Have any influence whatever 
upon the result. Conditions were thus established which precluded the 
inlerference of secondary processes with the main line of change. 

^ * Smithells and Ingle, Tram, Chem. 8oe., 1892, 61, 209. 
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The first experimental method consisted in maintaining mixtures of 
each hydrocarbon with varying proportions of oxygen, sealed up in 
borosilicate glass bulbs of about 60 c.c. capacity, at known constant 
temperatures between 260^ and 350®, for definite periods of time. Subse- 
quently an apparatus was devised in which large volumes of the reacting 
mixtures could be circulated at a uniform speed in a closed system 
comprising (1) a surface of porous porcelain maintained at a constant 
temperature in a combustion furnace, (2) suitable cooling and washing 
arrangements for the removal of condensable or soluble intermediate 
products, and (3) a mercurial manometer for recording pressures. 

By means of these two experimental methods it was proved, as 
regards slow combustion — (1) that a hydrocarbon is ultimately burnt 
to a mixture of steam and oxides of carbon without any separation of 
carbon or liberation of hydrogen at any stage of the process; (2) that 
the oxidation is marked by a very large intermediate formation of 
aldehydic products; (3) that the fastest rates of oxidation are (in the 
cases of the four hydrocarbons examined) always obtained with a ratio 
of hydrocarbon to oxygen between 2 : 1 and 1 : 1, an excess of oxygen 
above the equimolecular ratio always having a marked retarding 
influence; and (4) that a large proportion of carbon dioxide is often 
found in the products under conditions which preclude all possibility of 
its formation either by the direct oxidation of the monoxide or by the 
interaction of the monoxide with steam. 

Finally, the balance of evidence was so overwhelmingly in favour 
of the supposition that combustion had proceeded by successive stages 
of ‘ hydroxylation ’ that the following schemes were put forward for 
the typical hydrocarbons ethane, ethylene, and acetylene: — 

Formic C^ai'l)OJiic 
Aci«l Acid 


CH».CH3->CH,.CH20 U->CH8.CH(0H h 

Ethane Ethyl Alcohol ^ s 

CH8.CHO+H2O 

Acetaldehyde 


“>CO+ HaO 1 II.CIf().“> H.C 0 (JH->C()( 0 H ).2 
Foi'inah <■— * 

dchyde CO+IL^O CO^fH^O 


HaC:CH2->HaC:CH(011HHO.HC:CH.OH 

Ethylene Vinyl Alcohol '■ 

2E1.CHO— 

Formaldehyde 

HC : CH->HO.C i CH->HO.C • C.OH 

Acetylene 


• H.C00H-^C0(0H)2 
CO+I?^ COa i H2O 

i->H.COOH->C()(OH)2 


CO+H.CHO 1 CO+HaO CO 2 +H.O 


In other wouds, the attack of the oxygen upon the hydrocarbon may be 
supposed to involve a series of successive ‘ hydroxylations, * the hydroxy- 
lated molecules either breaking down or undergoing further oxidation, 
according to their relative stabilities and affinities for oxygen at the 
particular temperature, substantially as represented by the above 
schemes. 

It should be mentioned, however, that whilst in many of the ‘ circu- 
lation * experiments a Very large proportion of the intermediate alde- 
hydic products were successfully removed from the sphere of action 
before undergoing further oxldation^ — a.^., as much as 92 per cent, of 
the formaldehyde indicated at the third stage of the ethane scheme, and 
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iO per cent, of that required at the second stage of the ethylene scheme 
— ^in none of the experiments was it found possible to detect or isolate 
any of the monohydroxy derivatives which are, ex hypothesi, initially 
formed. This was perhaps hardly to be expected in the cases of 
ethylene or acetylene, where the monohydroxy derivative would be 
extremely unstable. In the case of ethylene, however, acetaldehyde, 
which is known to be readily formed by molecular rearrangement from 
vinyl alcohol, was isolated in certain experiments. But failure to 
detect the formation of ethyl alcohol during the slow oxidation of ethane 
did at first sight seem a serious obstacle to the acceptance of the 
* hydroxylation * theory. This difficulty was, however, largely removed 
when it was subsequently found that ethyl alcohol is oxidised at 
a much faster rate than is ethane under like conditions — a circumstance 
which seems to warrant the view that the effect of the initial ‘ hydroxy- 
latioii * of the hydrocarbon is to render the molecule much more sus- 
ce])tible to further attack. Finally, when Drugman, working in the 
writer’s laboratory, obtained direct proof of the large formation of 
ethyl alcohol as tlic result of the interaction of ethane and ozone at 
100®, the difficulty referred to entirely disappeared. Moreover there is 
strong indirect proof of the initial formation of monohydroxy deriva- 
tives during slow combustion in the fact that whereas the rates of 
oxidation observed with mixtures containing two molecules of hydro- 
carbon to one molecule of oxygen were hardly, if at all, inferior to those 
observed with equimolecular mixtures, the process was always inucdi 
retarded by any further addition of oxygen beyond the equimolecular 
ratio. It may also be urged that the hydroxylation theory 
readily explains the large formation of carbon dioxide in the bulb 
experiments under conditions which would entirely preclude the idea 
of its formation by the direct oxidation of the monoxide or as the result 
of interaction of the monoxide with steam. 

The next step in the inquiry was to ascertain whether the presence 
of moisture is essential to hydrocarbon combustion. A series of careful 
experiments on mixtures of the three typical hydrocarbons respectively 
with oxygen in equimolecular proportions thoroughly dried by long 
contact with redistilled phosphoric anhydride, under conditions which 
(as was proved) inhibited the formation of steam from electrolytic gas, 
gave wholly negative results. If anything, combustion occurred rather 
more readily with the dried gases than in the case of the corresponding 
experiments with undried mixtures. Therefore, whilst the conclusion 
finally advanced concerning the mechanism of hydrocarbon combustion 
agrees with the view originally put forward by H. E. Armstrong, 
in so far as the nature of the intermediate products is concerned, it 
differs from' his in supposing that the oxygen is directly active. 

With the extension of the investigation to hydrocarbon flames and 
explosions, including ^ detonation ' and explosions under high initial 
pressures, it became increasingly evident that the mechanism of com- 
bustion is essentially the same above as below the ignition-point, in so 
far as the result of the initial molecular encounters between hydrocarbon 
and oxygen is concerned. At the higher temperatures of flames 
secondary thermal decompositions undoubtedly come into operation at 
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ail earlier stage than in slow combustion, but they do not precede tlie 
onslaught of the oxygen upon the hydrocarbon, as was formerly sup- 
posed, but arise in consequence of it. 

In considering explosive combustion, therefore, it is necessary to take 
into account the possible modes of decomposition of the hydroxy 
derivatives formed in the first two stages of slow combustion, because 
these derivatives are so manifestly unstable at the high temperatures of 
flames that they would at once break down into simpler products. Ethyl 
alcohol, it is known, decomposes into ethylene and steam ; acetaldehyde 
into methane and carbon monoxide, or into carbon, hydrogen, methane, 
and carbon monoxide, according to the temperature; formaldehyde is 
resolved into carbon monoxide and hydrogen without the slightest separa- 
tion of carbon. Thus: — 

Ethyl Alcohol Acetahlehy<lc 

C,Ho.OH CHh.CHO 

C2H4-hH.20 f CII4+CO I 

'C+2H2+CO* 

Therefore, taking as examples the typical cases of ethane and ethylei'ie, 
the scheme for explosive combustion becomes 

l U 

HaC.CHy if,,aCH.,OH -> 1C.,C.CH(0U)., 

oJChSio it«c.cHO+n]^6 

("ck74-’co" ) 

‘C+H,+ CO^ 

o 

-> HO.Hc1CH.OH 

^ , 

2CH.2O 

2C0H-^ 

with the proviso that, in a suflicient supply of oxygen, the transition 
from the hydrocarbon to the dihydroxy stage is so rapid that no breaking 
down of the molecular structure occurs in passing through the mono- 
hydroxy stage. When, however, the supply of oxygen is reduced below 
the equimolecular proportion it is evident that the initial monohydroxy 
product cannot all be further oxidised to the dihydroxy stage; some of 
it must tlierefore decompose, yielding, usually, steam as one product. 
It will be immediately perceived that the above theory affords a complete 
explanation of the well-known fact that either ethylene or acetylene 
on explosidn with its own volume of oxygen yields carbon monoxide 
and hydrogen, without any separation of carbon or steam formation, 
because in each case the principal intermediate product is formaldehyde, 
a substance which decomposes straight into carbon monoxide and 
hydrogen at high temperatures. 

There are, moreover, two groups of facts relating to explosive 
combustion which, whilst they completely subvert the notion 
of a preferential combustion of carbon, harmonise very well 
with the new view of * hydfoxylation.* They are, briefly, as follows: 
(1) That whereas mixtures of olefines and oxygen corresponding to 

behave on explosion like ethylene, inasmuch as they yield 

1910. K K 


H,0:0H., 


I 

H,0;0H0fl 

20“!- HaH” 


Forma iciehyde 
H.CHO 

COHh^ 
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mainly carbon monoxide and hydrogen without any separation of carbon, 

similar mixtures of paraffins and oxygen — namely,CBHii.+ 2 + 50 a — ^yie^^ 

carbon, oxides of carbon, methane, hydrogen, and steam all in consider- 
able quantities. (2) That, oven in the case of an olefine, if the proportion 

of oxygen be reduced below that indicated by the expression 


both carbon and steam are prominently formed. 

In his presidential address to this Section at the Ijcicester meeting in 
1907, Smithells criticised the writer’s interpretation of explosive combus- 
tion on the ground that ‘ the isolation of an intermediate product under 
one set of circumstances is in itself no proof that this product is tran- 
sitorily formed when the reaction is proceeding under another set of 
circumstances/ To this criticism it may be replied (1) that there is 
direct experimental proof of the formation of intermediate aldehydic 
products ill hydrocarbon flames and explosions ; (2) that notwithstand- 
ing the fact that the combustion of hydrocarbons has now been investi- 
gated over a range of temperature extending from that of incipient 
oxidation right up to the extreme conditions prevailing in detonation, 
no evidence lias yet come to hand which warrants the assumption 
of any discontinuity in the immediate result of the initial encounter 
between hydrocarbon and oxygen molecules; and (3) that the theory 
of the intermediate formation of ‘ hydroxyl ated ’ or ‘ oxygenated * 
products furnislies a complete and suflicient explanation of the facts 
of hydrocarbon combustion as at present known, a requirement 
which no other alternative theory yet put forward is capable of satisfy- 
ing. In this connection the writer is glad to find support in the recent 
presidential’ address of H. B. Dixon to the Chemical Society, where, 
speaking of the detonation of a mixture of equal volume of ethane and 
oxygen, he says; ‘ The ethane is not burnt wholly to carbon monoxide 
and hyd'Togeny but appears to form {as Professor Bone has shown at 
lo,wer temperatures) acetaldehyde and steonn, the acetaldehyde yielding 
methane and carbon monoxide/ ^ 


But to return to the consideration of facts : One of the most signifi- 
cant features of the writer’s experiments has been the proof afforded of 
the relatively much greater affinity of hydrocarbons, as compared with that 
of either hydrogen or carbon monoxide, for oxygen at the high tempera- 
tures of flames. Thus when a mixture of acetylene and electrolytic gas 
corresponding to O 2 H 2 + 2 II 2 +OJJ is exploded, there is absolutely no 
separation of carbon or formation of steam, and practically the 
same thing holds good in the case of a mixture of ethylene, 
hydrogen, and oxygen corresponding to CaH^-i-Ha + Oa. In each 
case the hydrocarbon is hnrut to (ultimately) carbon monoxide 
and hydrogen, just as would be the case were no hydrogen 
presone in tJio in/x£iiin. jRecentJy tlio writer in an 
unpublished research on the division of oxygen between methane and 

nydrogen, in which mixtures corresponding*to CH^ + O +rrTT l 

6, or 8) have bera exploded at high initial pressures, “has proved thJt 
with 01-2 upwatds of 95 per cent, of the oxygen initially reacts with 


* TrwM. Ohem. Sm, 1910, 97, 60S.' 
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the hydrocarbon, and less than 5 per cent, of it goes to the hydrogen. 
Moreover, the proportion of the oxygen which goes to the hydrogen has 
been found to increase according to the second power of x, a circum- 
stance which suggests that the combustion of hydrogen involves the 
trimolecular reaction 2H2+02=2Ha0, and not the initial formation of 
hydrogen peroxide, as some have supposed. A similar series of experi- 
ments with mixtures CH^+Oa+ajCO have proved that the afi&nity of 
carbon monoxide for oxygen is even less than that of hydrogen, and 
that the proportion of oxygen going to it increases as approximately 
the first power of x. 

These observations have an important bearing on the chemistry of 
flames ; hitherto hydrogen has been considered as one of the most com- 
bustible of gases, but in reality it is very much less so than hydro- 
carbons. Indeed, so overwlielmingly great is the affinity of a hydrocarbon 
for oxygen, as compared with the affinities of either hydrogen or carbon 
monoxide or with its own tendency to decompose, that the initial stage 
of its combustion probably takes precedence of all other chemical phe- 
nomena in flames. This is certainly true of the propagation of flame 
through a homogeneous explosive mixture of hydrocarbon and oxygen. 
In the special case of a stream of hydrocarbon burning in air, partial 
decomposition may possibly occur in the innermost regions of the flame, 
where the supply of oxygen is very limited, before actual combustion 
begins. But in general, whenever the hydrocarbon and oxygen meet at 
high temperatures, their mutual affinities will prove superior to any dis-* 
ruptive force which might otherwise break down the hydrocarbon. It is 
probably not so much the original hydrocarbon as its hydroxylatSd mole- 
cule which decomposes in ordinary flames. Be this, however, as it may, 
the experimental evidence does not warrant the view, so often encoun- 
tered in scientific literature, that hydrocarbons are resolved into their 
elements prior to being burnt. ^ 


Section VI . — The Influence of Hot Surfaces upon Combustion, 

It is to the genius of Sir Humphry Davy that we owe the discovery 
of surface combustion. In his experiments on the ignition-points of 
various gases he had found, what is now a matter of common knowledge, 
that the constituents of a combustible mixture will combine with fair 
velocity at temperatures below the ignition -point. This led him to ask 
the question whether, seeing that the temperatures of flames far exceed 
those at which solids become incandescent, a metallic wire can be main- 
tained at incandescence by the slow combination of two gases without 
actual flame. He therefore tried the effect of introducing a warm 
platinum wire into a jar containing a mixture of coal gas and air rendered 
non-explosive by an excess of the combustible constituents. The wire 

^ No attempt has been made in this report to discuss in any detail the experi- 
mental evidence on which the new theory cn hydrocarbon combustion is based ; the 
reader is referred to the aeries of papers published by the writer and his pupils (B. V. 
Wheeler^ W. E. Stockings, G. W. Andrew* Julian Drugman, and M. L. Smith) in the 
Trans. Chem. Sqe. (1002, 8l, 535 ; l0O3, 83, 10t4; 1904, 85, 693. 1637 ; 1905, 57, 910. 
1282 ; 1906, 80, 552, 560, 939, 1614). 
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immediately became red hot, and remained so until nearly the whole of 
tlie oxygen liad disappeared. In subsequent experiments, Davy proved 
tliat hydrogen is far more susceptible to surface combustion than 
either ethylene or carlx)n monoxide; also, that the power of inducing 
surface combustion is by no means confined to the metals of the platinum 
group, which, however, exhibit it in an eminent degree. 

In .1823 the subject was systematically investigated by Dulong and 
Tli^nard, and independently also by Dobereiner, who showed that all 
solids possess the power of accelerating combustion in varying degrees 
according to their specific characters and fineness of division. Two years 
later William Henry observed that when a platinum ball is immersed 
in a mixture of equal volumes of ethylene and electrolytic gas the 
hydrogen and oxygen alone combine, no combustion of the hydrocarbon 
occurring unless the original mixture contains a much larger proportion 
of oxygen. This important result was confirmed by Thomas Graham 
in 1829. 

Several explanations of surface combustion were put forward by 
these early investigators. Davy himself suggested an electrochemical 
one. ‘ Supposing/ he wrote, ‘ oxygen and hydrogen to he in the rela- 
tion of negative and positive ^ it is necessary to effect their combination 
that their electricities should he brought into equilibrium or discharged. 
This is done by the electrical spark or flainCj which offers a conducting 
medium for this purpose, or by raising them to a temperature in which 
mthey become themselves conductors. Now platinum, palladium, and 
iridium are bodies very slightly positive with respect to oxygen. , . . 
They offer to the gases the conducting medium necessary for carrying 
off and bringing into equilibrium their electricities without any inter- 
vening energy, and accumulate the heat produced by this equilibrium.* 
Dobereiner, who discovered that freshly prepared platinum black absorbs 
oxygen from the air, and that in this ‘ oxygenated * condition it will 
cause ^teain to be formed on Ixjing plunged into a jar of oxygen, con- 
tended that the metal merely acts as a carrier of oxygen. On the other 
liand, Fiisinieri (1825) maintained that it is the combustible gas 
(hydrogen) only which is affected by the surface, being condensed and 
rendered extraordinarily active by association with the surface. 

The matter formed the subject of a celebrated controversy between 
Faraday and De la Rive in 1834.-35. De la Rive strongly upheld the view 
that surface combustion essentially consists of a series of rapidly alter- 
nating oxidations and reductions of the catalysing materiaj. Faraday, 
whilst not denying that finely divided platinum absorbs oxygen, argued 
with great force that true surface combustion involves an action quite 
distinct from that of an oxidised wire or foil upon a combustible gas. 
The function of the solid is, he contended, to condense both the oxygen 
and the combustible gas at the surface, thus producing a condition in 
the surface layer comparable to that of high pressure. After the year 
1896, however, interest in the subject wan^, and was not revived until 
quite recently. 

It may here be remarked that heated surfaces have undoubtedly 
a marked influence in accelerating not only combustion but all 
chemical interchanges in gaseous systems. It is usually considered 
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that the action of tlie surfaces is merely an accelerating and not a 
directive one at any particular temperature, and although this hi ay be 
generally true it is not necessarily or universally so. But in regard to 
combustion it may be assumed that, in general, the introduction of a 
hot surface will merely accelerate the process. 

In the generation and applications of gaseous fuels the technologist 
has to deal not only with combustion, and the interaction of the pro- 
ducts of incomplete combustion, but also with decomposition and 
dissociation phenomena, and contact with hot surfaces accelerates all 
alike. Thus the influence of hot solids — in the shape of furnace walls 
and the like — assumes an importance which can hardly be over- 
estimated. 

It will be generally agreed that the best means of elucidating the 
factors operative in surface combustion lies in determining the rates of 
combination of different gases with oxygen when the reacting mixtures 
are brought into contact with various solid surfaces at selected constant 
temperatures. This has been the line of attack usually adopted in 
recent investigations. But the method is only capable of yielding 
results of any value when the temperature selected is low enough to 
prevent the masking of the effects of surface combustion proper by 
changes in the main body of the gas, which is not in contact with the 
surface at any given instant. 

In interpreting the results of such velocity measurements the 
following possible factors must be considered — namely, (1) the actual 
rate of combination at the surface, (2) the rates at which the reacting 
gases respectively diffuse inwards from the outside mixture on to the 
surface, (3) the rate at which the reaction product is removed from 
the surface, (4) the rates at which the reacting gases (or either of them) 
are rendered * active ' by the surface, supposing that the surface may 
act in some such manner, and (5) changes (if any) in the physical 
texture of the surface itself. 

It is obvious that, since any system in which a gaseous mixture is 
combining exclusively at the surface of a heated solid must be regarded 
as heterogeneous, the velocity of reaction will not be governed by its 
‘ order,* as would probably be the case with a homogeneous system. 
Nevertheless several recent investigators, notably Bodenstein in his 
Earlier experiments upon the non-explosive combination of electrolytic 
gas in contact with the walls of a glazed porcelain vessel,^ by overlooking 
this obvious consideration have largely invalidated their conclusions. 

Of the factors above enumerated it is now generally agreed among 
competent observers that the actual rale of combination at tlio surface 
far exceeds either the rates of diffusion of the reacting gases on to the 
surface or the rates at which they are rendered ‘ active * by the surface. 
This being so, it follows that the amount of change observed in the 
system in unit time will not be governed by the actual rate of combina- 
tion at the surface, but by one or other of the remaining factors, which- 
ever happens to be the slowest in its operation. 

Nernst, who has recently advanced a general tlieorv of reactions in 
heterogeneous systems, based on measurements of the rates of solution 
^ Zeit. phtfs. 1899, 29, 065. 
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of salts in water, or of such substances as magnesia in acids, ^ ignores 
(in the case of surface combustion) the possible ‘ activation * of the 
gases by the surface, and contends that the velocity of surface com- 
bustion is governed by diffusion factors only. Thus he has written : — 

‘ Da diese Realdionen wohl ausschliesslich an der Grenzfldche des 
Katalysaten ahspielen, so wird die Geschwindigkeit keineswegs dutch den 
Mechanismus der betreffenden Reaktion, sondern wenn^ was allerdings 
von vornherein nicht sicker ist^ der Katalysaten wdhrend des Reaktions- 
verlaufes konstante Beschaffenheit hehdlt und zugleich mit prahtisch 
unendlicher Geschwindigkeit die betreffenden Suhstanzen an der Grenz- 
fldche zur Reaktion bringt, auch hier lediglich dutch die Diffusion der 
reagierenden Staff e zum Katalysaten bedingt werden.' ^ 

Bodenstein,* in an entirely inconclusive series of experiments on the 
combination of hydrogen and oxygen in contact with platinum at the 
ordinary temperature, attempted to provide an experimental basis for 
the above theory, but it has been recently completely disproved by 
the researches of the writer and his pupils (R. V. Wheeler, G. W. 
Andrew, A. Forshaw, and H. Hartley), a first instalment only of 
which has so far been published.® The following is a brief rdsumi 
of the principal results of these researches: — 

At an early stage of the research it became manifest that, in order to 
avoid errors inherent in a too restricted view of the phenomena, the 
action of a considerable variety of surfaces must be studied, including 

(1) such ordinarily non-oxidisable metals as gold, silver, and platinum, 

(2) oxidisable metals, such as copper and nickel, (3) easily reducible 
oxides, as well as (4) non-reducible oxides of both basic and acidic 
character. Although the investigation has revealed certain minor 
differences between the action of the various surfaces, il!e results as a 
whole leave no room for doubt but that the catalytic combustion depends 
primarily upon the condensation or absorption of one or other (and 
possibly both) of the reacting gases by the surface, whereby they are 
rendered ‘ active.' Any chemical explanation — such, for instance, as 
the supposition of a rapidly alternating series of oxidations and reduc- 
tions of the catalysing surface — is inconsistent with the numerous 
velocity measurements made during the research. Equally certain is it 
that the rate of combustion is governed, not by diffusion factors, as 
Nernst has supposed, but by the rate of ‘ activation ' of one of thft 
reacting gases (and usually of the combustible gas) by the surface. 

The catalysing power of a new surface at a given temperature usually 
increases up to a steady maximum when successive charge^ of the re- 
acting gases, mixed in their combining ratios, are circulated over it; 
after the attainment of this steady condition, the rate of combination is 
always directly proportional to the pressure, provided that the gases are 
present in their combining ratios and the product of combustion is 
rapidly removed from the sphere of action. Where, however, one or 
other of the reacting gases is present in excess, the rate of combustion is 
in nearly all cases proportional to the partial presence of the combustible 

» ZeiL phys. Chem., 1904, 47, 65. « Ibid., 1903, 46, 726. 

** ‘ The Combination of Hydrogen and Oxygen in Contact with Hot Surfaces,* 
Bono and Wheeler, Phil. Trans., 1906, A. 206, 1. 
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gas (e.g., hydrogen or carbonic oxide), which thus becomes the ruling 
factor. The behaviour of copper oxide towards mixtures of hydrogen 
with excess of oxygen, and of nickel oxide towards mixtures of carbon 
monoxide with excess of oxygen, have so far proved exceptional in this 
respect, the observed Tates in both cases being more nearly proportional 
to the partial pressure of the oxygen than to that of the combustible gas. 
Tn the case of copper oxide there is definite proof of the formation of a 
condensed film of * active * oxygen at the surface, which actually bums 
up the hydrogen before it can reach the s^^ill more active oxygen 
chemically combined with the copper. 

The catalysing powers of all the metallic and non-reducible oxide 
surfaces examined are highly stimulated by previous exposure to the 
combustible gas, which is undoubtedly rendered ‘ active * by association 
with the surface. This stimulus is usually very durable, but in most 
cases it is at once destrdyed by a sliort exposure to oxygen. Although 
as a general rule oxygen has per se no stimulating effect on a catalysing 
surface, cases to the contrary have been encountered ; but even in these 
exceptional instances the effect is neither so marked nor so durable as the 
corresponding effects always observed in respect of the combustible gas. 

One notable feature with regard to the ciitalytic combustion of carbon 
monoxide over a fireclay surface is the fact that the rate of combustion 
of a mixture 2CO-1- Og at 600^ is about doubled by a lliorough drying of 
the gases” the * reaction constant * increasing from about 0*00 to about 
0*20. This remarkable result can hardly be explained on the supposition 
that, in the case of the undried mixture (saturated at IS^), steam acts 
merely as a diluent; it apparently exercises a specific retarding influence 
out of all proportion to its relative mass. 

Of scarcely less interest are some recent results bearing upon the 
effects of a hot fireclay surface (at 500°) upon the relative rates of com- 
bustion of methane, hydrogen, and carbon monoxide. Tn the previous 
section attention was directed to the fact that in ordinary explosive 
combustion the affinities of methane and other hydrocarbons far exceed 
those either of hydrogen or of carbon monoxide for oxygen. In contact 
with a hot surface, however, the order is completely reversed, owing to 
an apparently selective action of the surface in rendering the combustible 
gases active. This circumstance is sufficient to invalidate the conclu- 
sions of certain earlier investigators, notably those of Landolt,^ concern- 
ing the relative combustibilities of various gases, owing to their haviiig 
sucked off the products of partial combustion from the inner regions of 
coal-gas flames through platinum tubes and the like. Tt may he taken 
for granted that the introduction of a hot solid into a mixture of burning 
gases is in itself sufficient to upset the regular conditions of explosive 
combustion. 

The conclusions drawn by Bone and Wheeler* as to the catal 5 rtic 
combustion of hydrogen derive collateral support from the recent re- 
searches of Sabatier and Senderens on the remarkable powers of many 
metallic surfaces (and especially nickel) of rendering this gas * active ' 

fiber die ehemtschen Vorgdnge in derFlamme dea Leuchigas, Habilitationsschriff. 
Breslau, 1866 . * Loc, eit. 
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at comparatively low temperatures. In illustration of their results may 
be quoted the following remarkable instances of direct ‘ hydrogenations ’ 
effected by merely passing a mixture of the substance in question with 
hydrogen over finely divided and freshly reduced nickel. In this way 
olefin ic hydrocarbons are convertible into the corresponding paraffins at 
160°; benzene yields cyclo-hexane; nitro-benzene may be reduced to 
aniline ; whilst nitro-inethane is convertible into methylamine at 160° to 
180°, and into methane and ammonia at 360®. Finally, a mixture of 
carbon monoxide (1 vol.) and hydrogen (3 vols.) may be completely 
transformed into methane and steam at 250®. 

In the present imperfect state of our knowledge any suggestion 
wliich may be put forward as to the action of hot surfaces in rendering 
such gases as hydrogen or carbon monoxide * active ' must be considered 
as quite tentati/e. Several facta, however, point to a possible connection 
between surface combustion and the emission of charged particles by hot 
solids. In 1903 H. A. Wilson ^ discovered that hydrogen has an enor- 
mous influence upon the negative leakage from a clean platinum wire at 
high temperatures; thus at 135®, for a given potential difference, the 
leakage in hydrogen at O'OH mm. pressure was found to be no less than 
25,000 times greater than in air; it was also proportional to the pressure 
and depended upon the hydrogen actually occluded by the metal. These 
observations have since been confirmed by O. W. Eichardson* — ^who, 
however, finds that the leakage consists of two parts, one propor- 
tional to tlie pressure (due to ionisation by collisions) and the other 
independent of it; he takes the view that hydrogen does not act per se^ 
but only indirectly by producing some change in the surface of the metal. 

Sir J. J. Thomson has found that the rate of omission of negative 
corpuscles by alkali metals at ordinary temperatures is greatly increased 
wliilst they are absorbing hydrogen,® and F. Horton has proved that the 
negative leakage from hot lime is much greater in hydrogen than in air.* 

With regard to the catalytic combustion of hydrogen in contact 
with metallic surfaces P. J. Kirkby, in experimenting upon the effects 
of electrically heating a platinum wire to circa 275® in electrolytic gas at 
pressures under 40 mm., concluded that it is ‘ probably connected with 
the corpuscular cliscbarye ivhicli is Inoirn to he e/niitted by platinum.' * 
Finally, it has recently been proved in the writer’s laboratory that gold 
gauze immediately acquires a negative charge on its inducing the surface 
combustion of either hydrogen or of carbon monoxide. All these facts 
point to the necessity of a systematic in\ostigation of the electrical con- 
dition of heated surfaces during catalytic combustions as a preliminary 
to a better understanding of the phenomenon. 

* Phil. Trans., A. 202, 243. 2 ^ 207, 1. 

•** Phil. Mag., ltK)6, 6th series, 10, 684. ^ Phil. Trans., 1908, A. 207, 149. 

® Phil. Mag., 1906, 6th series, 10, 4r>7. 
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Discussion,^ 

Sir J. J. Thomson called attention to the fact that combustion was 
concerned not only with atoms and molecules but also with electrons 
— i,e,, bodies of much smaller dimensions and moving with very high 
velocities. These may precede the explosion- wave and prepare the 
way for it by ionising the gas. But the motion of the ions can be 
stopped at once by means of a transverse magnetic field, in which they 
curl up and are caused to revolve in small circles. It would be of 
very great interest if Professor Dixon’s experiments on the photography 
of the explosion-wave could be repeated under such conditions as io 
determine whether the form of the wave could be modified by such a 
magnetic field. The positive and negative electrons were of very 
different dimensions, and when first projected (ravelled with widely 
different velocities ; hut in an ordinary gas these velocities soon heconie 
almost identical. It had, however, been shown by the work of 
Townsend at Oxford and of certain workers on the Continent that in 
carefully-dried gases the velocity of the negative electrons might be 
100 times as great as the velocity of the positive electrons. The 
amount of moisture required to reduce this velocity to its ordinary 
lower value was exceedingly small comparable with that required to 
initiate chemical change. It was not unlikely that the two phenomena 
were very closely related. 

In reference to the influence of hot surfaces in promoting combustion 
to which Professor Bone had drawn attention, it was not improbable 
that the emission of charged particles from the surface was a factor of 
primary importance. Hot lime gave out an enormous stream of nega- 
tive electrons travelling with a high velocity, whilst hot metals emitted 
an excess of positive electrons, as indeed Professor Bone had found by 
the development of a negative charge on the silver foil which he had 
used as a contact surface. These electrons might produce very impor- 
tant effects by uniting (perhaps selectively) with moisture, with the 
oxygen, and with the inflammable constituent of the gaseous mixture. 
The mode of action of the oxides was specially worthy of investigation. 
Chemists recognised two stages of oxidation in baryta, and perhaps in 
lime. It might be that the problem of the source of the energy of th(^ 
torrent of electrons might be found in the oxidation and reduction of the 
contact substance. He suggested that the action of surfaces might 
ultimately be found to depend on the fact that they furmed a support 
for layers of. electrified gas in which chemical changes proceeded witli 
high velocity. 

Sir Oliver JiODOE strongly supported the proposal that experiments 
should be carried out on the velocity of propaga(.ion of explosion-waves 
in a magnetic field. The high velocity of the detonation-wave seemed 
to point to the initiation of some new type of chemical change, such as 
a burning of carbon following the burning of sulphur in the combustion 
of carbon bisulphide, or the initiation of a change involving the collision 
of three instead of two molecules. The velocity of sound which had 


^ Compiled by the Sectional Secret arios, 
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been referred to as a factor in connection with the explosion-wave was 
nob a constant quantity. A bullet, for instance, cannot really travel 
with a velocity greater than that of sound ; if if did the air would be 
shattered as if by an explosion and the bullet stopped. This result was 
in practice prevented by the compression and consequent heating of the 
air in front of the bullet, whereby the velocity of sound was momentarily 
increased immediately in front of the bullet to perhaps three times its 
ordinary value in accordance with the equation V^ = fcRT. That very 
great heating could thus actually occur w^as shown by the fact that 
the compression was made use of in the Diesel engine to produce 
ignition. The rate of explosion must depend a good deal on the amount 
of exposed surface. Wliilst hot surfaces promoted combustion, cool 
surfaces unfortunately Iiad an opposite effect. I^his was responsible 
for the i)roduction of vast quantities of soot and smoke, especially in 
filing steam lioilors, and also gave rise to trouble in heating and anneal- 
ing armour-plates. Tf a surface could be discovered wliicli would pro- 
mote combustion even at lower temperatures the discovery would be 
of very great value. The escape of an electric charge from a contact 
surface during combustion might very well be purely mechanical, the 
positively-chai’ged adhering layer being literally scraped away by the 
force of the flame. 

Professor H. B. Dixon, referi’ing to his recent work, said that 
Nernsb bad suggested that a gas fired by compression would be heated 
uniformly and would therefore detonate as a whole. This was not found 
to be the case; the gas actually fires in a particular layer, though the 
explosion begins rather indefinitely, and no well-defined sound-waves 
are propagated from the point of ignition. The explosion of hydrogen 
and chlorine by light was of special interest, as it did nbt occur in the 
well-dried gas. Tn the moist gas there was an interval of time before 
explosion took place, similar to the ‘ pre-flame period ’ in gases fired 
by adiabatic compression. But when once the wave was started, 
whethef by a spark or a flame or by light, it proceeded independently of 
moisture, and indeed was actually most rapid in the dry gas. The 
explosion was then propagated by molecular collision, and on account 
of its high velocity, probably by collisions between pairs of molecules 
only — a point on which Sir J. Larmor had laid special stress in his 
Wilde lecture. Tn the explosion of hydrogen and oxygen, as in that of 
hydrogen and clilorine, the action started by a spark was propagated as 
well in the dried as in the undried gas. So far experiments on the 
influence of an electric field Imd given negative results, an^^ the action 
of Rontgen rays on a mixture of hydrogen and chlorine did hot render 
it more sensitive to light. 

Supporting the suggestion of Sir J. J. Thomson, he thought it not 
unlikely that an invisible compression- wave might travel just in front 
of the visible flame, the particles being thereby raised to a high tempera- 
ture. The brightness of the flame might well be due to the fact that 
the gas was already very hot before combustion occurred. He proposed 
to repeat the experiments of exploding gases in a strong magnetic field 
and photographing the flame. 

Professor Smithells hoped that the report would be carefully read 
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by the members of Section A. The matter had now been carried to a 
point at which the co-operation of physicists was absolutely essential 
for further advance. Chemists had been compelled to acknowledge their 
limitations by using meaningless words such as ‘ catalysis * and * con- 
tact-action * to conceal their ignorance. The real meaning of these 
words might be found if the co-operation of physicists could he secured. 

Professor Abmstbong regretted the absence of the engineers, who 
were discussing, at a separate gathering, a problem which appeared, from 
the printed report of their Committee, to be essentially physical in its main 
features and almost identical in character with that which Sections A 
and B were now discussing. He dwelt on the need of an understanding 
being arrived at by chemists and physicists as t( the nature of chemical 
change — the phenomena could not well be interpreted either from a 
purely chemical or from a purely physical point of view ; at present they 
could not help one another because they did not understand one another ; 
the two parties did not seem able to arrive at a common understanding, 
nor would they until each could fully appreciate the point of View taken 
by the other. Such meetings as (hat (.Jiey were holding were becoming 
of the utmost consequence to the progress ot science \u Uicse days of 
extreme specialisation, lie had heard with pleasure that, at last, Pro- 
fessor Dixon was prepared to admit tliat the presence of moisture was 
at least necessary in starting the wave of explosion in a mixture of 
hydrogen and chlorine ; the speaker t.hought he would ultimately be 
obliged to admit that it was necessary tlirougliout. 

If moisture be present initially and be instrumental in conditioning 
the explosive wave, it must remain in the wave front and be operative 
throughout the^ explosion , even supposing the gas in which the wave js 
advancing to fee dry; an excess of water, however, might well act 
detrimentally by promoting reversals. 

It appeared to him to be now established that action could not take 
place unless a conducting system were formed ; this was equally true of 
ordinary cases of chemical change and of the passage of an ^electric 
discharge through gases. One member of (he system must be an 
electrolyte. (Sir J. J. Thomson here intej-posed the remark : * What 
is an electrolyte? * and appeared to imply that any substance would 
behave as an electrolyte if only a sufficient electromotive force were 
applied.) Professor Armstrong insisted on the need of distinguishing 
between electrolytes and non-electrolytes; he then dwelt on (ho very 
great importance from this point of view of Sir James Dewar’s observa- 
tion that tl:ke atmospHere of a bulb containing helium could be so far 
purified by means of charcoal cooled by liquid hydrogen that it was 
impossible to pass an electrical discharge across the bulb even when a 
high potential was used, although the vanes of a Crookes’ radiometer 
mounted within it rotated merrily when a heat source was presented to 
the bulb. He insisted on this observation as proof that conductivity 
was conditioned not by the mere presence of gas, but of a gas in 
association with the necessary impurity (conducting impurity) to 
render possible the formation of conducting systems within the tube. 

[The argument is probably one of great importance in connection 
with the assumption that electrons exist as distinct entities. The 
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substances which are supposed to give o£E electrons when heated are 
all substances that are more or less easily dissociated and the experi- 
ments made with such substances have not been carried out with the 
scrupulous care to remove ‘ impurities ' which the observations made 
by Brereton Baker and Dewar have shown to be necessary. There is 
nothing at present to prove that ‘ electrons ’ are given o£E otherwise 
than in cases in which an ordinary discharge will pass. Moreover, the 
argument on which the determination of the size of negative electrons 
is based is in no sense one which serves to place their existence beyond 
question. It is now admitted by prominent physicists that molecules 
can carry charges — those of helium, for example — so that it is not even 
necessary to assume the existence of dissociated charged ions as carriers 
of electricity. The admission is of some importance, as, in the early 
days of the discussion on electrolysis, the contention that molecules 
and aggregates of molecules might act as carriers was scorned. Com- 
pare ‘ The Conditions Determinative of Chemical Change and of Elec- 
^rlcttl Conduction in Gases and on the Phenomenon of IjummoBity.* ^ 
H. B. A.] 

Professor Bone, writing in reply, hoped that this discussion would 
lead to a more active co-operation between physicists and chemists in the 
further investigation and interpretation of gaseous combustion. If it 
be admitted (1) that the forces holding the atoms of a molecule together 
are electrical in character, and (2) that the unit of electricity is corpus- 
cular and capable of independent movement outside the boundary of 
the chemical molecule, it seems probable that such corpuscular electric 
units (* electrons ') play some part in gaseous combustion. The utility 
of the ‘ electron * theory to chemists, however, will largely depend upon 
its ability to interpret some of the more obscure factors*in combustion 
dealt with in the report. 

With regard to the subject of ‘ surface combustion,' recent experi- 
ments carried out by Mr, H. Hartley and himself (the details of which 
would |pe published shortly) had proved that certain ordinarily non- 
oxidisable metals (silver, gold, &c.) become negatively charged when 
healed at 200° to 400® in either hydrogen or carbon monoxide, and 
positively charged on being similarly heated in oxygen. These surfaces 
also become negatively charged during the catalytic combustion either 
of liydrogen or of carbon monoxide, although there is so far no evidence 
that the main body of the gas outside of the catalysing surface becomes 
‘ ionised ' to any appreciable extent. 

If the + or - charging of the surface really implicit the escape 
therefrom of - or + ‘ electrons ' respectively with velocities insuffi- 
cient either to ionise tlie gas outside, or even to allow of their travelling 
far from the surface (so that they would be likely to remain within 
range of the attraction of the layer of opposite sign on the surface), it 
seems at least conceivable that such slowly moving electrons may attach 
themselves to, or condense around them, the molecules of combustible 
gas or of oxygen, which, thus charged, would be attracted to the 
surface. Some such view, if admissible from the standpoint of the 
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physicists, would seem capable of explaining certain of the phenomena 
of surface combustion ; as, for example, the quite abnormal retarding 
influence of moisture referred to in the report. But before any such 
idea can be confidently adopted as a working hypothesis by chemists, 
it will be necessary for physicists to define more clearly than they have 
done hitherto the function and significance of the supposed ‘ electrons * 
in chemical interchanges. From the chemists’ standpoint, a clear state- 
ment of the physicists* views in relation to these matters is urgently 
needed, and, if forthcoming, would considerably enlarge ihe field of 
immediate experimental inquiry. 
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Section A.— IIATHEMATICAL AND PHYSICAL SCIENCE. 

Pkesidbnt of the Section. — Professor E. W. Hobson, D.Sc., 

F.K.S. 


T 11 r US I ) AY , SEUTEMllKR I. 

The President delivered the following Address : — 

SiNCK the last meeting of our Association one of the most illustrious of the 
British workers in science during the nineteenth century has been removed from 
us by the death of Sir William Huggins. In the middle of the last century Sir 
William Huggins commenced that pioneer w’^ork of examination of the spectra of 
the stars which has ensured for him enduring fame in connection with the' 
foundation of the science of Astrophysics. T'hc exigencies of his work of 
analysis of the stellar spectra led him to undertake a minute examination of the 
spectra of the elements with a view to the determination of as many lines as 
possible. To the spectroscope he later added the photographic film as an instru- 
ment of research in his studies of the heavenly bodies. In 1804 Sir William. 
Huggins made the important observation that many of the nebuhe have spectra 
which consist of bright lines; and two years later he observed, in the case of a 
new star, both bright and dark lines in the same spectrum. In 1868 his pene- 
trating and alert mind made him Ahe first to perceive that the Doppler principle 
could bo applied to the determination of the velocities of stars in the lino of 
sight, and he at once set about the application of the method. His life-work, in 
a domain of absorbing interest, was rewarded by a rich harvest of discovery, 
obtained as the result of most patient and minute investigations. The ‘ Atlas * 
of Bepresentative Stellar Spectra,* published in the namo.s of himself and Lady 
Huggins, remains as a monumental record of their joint labours. 

The names of the great departments of science, Mathematics, Physics. 
Astronomy, Meteorology, which are associated with Section A, are a sufficient 
indication of the vast range of investigation which comes under the purview of 
our Section. An opinion has been strongly expressed in some quarters that ,the . 
time has come for the erection of a separate Section for Astronomy and Meteor- 
ology* order that fuller opportunities may be afforded than hitherto for the 
discussion of matters of special interest to those devoted to these departments of 
Science. I do not share this view. I believe that, whilst the customary division 
into sub-sections gives reasonable facilities for the treatment of questions interest- • 
ing solely to specialists in the various branches with which our Section is con- * 
cerned, a policy of disruption would Ikj injiiriou.s to the wider interests of scienie. 
The close association of the older Astronomy with Mathematics, and of the 
newer Astronomy with Physics, form strong presumptions against the change 
that has been suggested. Meteorology, so far as it goes beyond the purely em- 
pirical region, is, and must always remain, a branch of Physics. No doubt, the 
more technical problems which arise in connection with these subjects, though of 
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great importance to specialists, are often of little or no interest to workers in 
cognate departments. It appears to me, however, that it is unwise, in view of 
the general objects of the British Association, to give too much prominence in 
the meetings to the more technical aspects of the various departments of science. 
Ample opportunities for the full discussion of all the detailed problems, the solu- 
tion of which forms a great and necessary part of the work of those who are 
advancing science in its various branches, are afforded by the special Soc^ieties 
which make those branches their exclusive concern. The British Association 
will, in my view, be performing its functions most efficiently if it gives much 
prominence to those aspects of each branch of science which are of interest to a 
public at least in some degree larger than the circle of specialists concerned with 
the particular branch. To afford an opportunity to workers in any one depart- 
ment of obtaining some knowledge of what is going on in other departments, to 
stimulate by means of personal intercourse with workers on other lines the sense 
of solidarity of men of science, to do something to counteract that tendency to 
narrowness of view which is a danger arising from increasing specialisation, are 
functions the duo performance of which may do much to further that supreme 
object, the advaiucmcnt of science, for which the British Association exists. 

I propose to address to you a few remarks, necessarily fragmentary and incom- 
plete, upon the scope and tendencies of modern Mathematics. Not to transgress 
against the canon T have laid down, 1 shall endeavour to make my treatment of 
the subject as little technical as possible. 

Probably no other department of knowledge plays a larger part outside its 
own narrower domain than Mathematics. Some of its more elementary concep- 
tions and methods have become part of the common heritage of our civilisation, 
interwoven in tiu' <‘vei’yday life of the people. Perhaps the greatest labour- 
saving invention that the world has seen belongs to the formal side of Mathe- 
matics ; I allude to our system of numerical notation. This system which, when 
scrutinised, affords the simplest illustration of the importance of Mfithematical 
foiin, has become so much an indi.«?pcnsable part of our mental furniture that 
some effort is required to realise th.at an apparently so obvious idea embodies 
a great invention ; one to which the Greeks, with their unsurpassed capacity for 
abstract thinking, never attained. An attempt to do a multiplication sum in 
Roman numerals is perhaps the readiest road to an appreciation of the advan- 
tages of this great invention. l!i a large group of s{ienr<'s, the formal element, 
the common language, so to speak, is supplied by Mathematics ; the range of the 
application of mallienuitical methods and symbolism is ever increasing. Without 
taking too literally the celebrated dictum of the great philosopher Kant, that 
the amount of real sc ience to be found in any special subject is the amount of 
Mathcnurtics coninincd therein, it must be admitted fhat each branch of science 
which is concerned with natural phenomena, w^uen it has reached a certain stage 
of development, beci'mos acces-siblc to, and lias need of. mathematical methods 
and language ; this stage has, for example, been reached in our time by parts of 
the science of Chemistry. Even Biology and Economics have begun to require 
mathematical niethof?s, at least, on thoir stalistioal side. As a science emerges 
from the stages in which it consists solely of more or less systematised descrip- 
tions of the phenomcma with which it is c^^ncerned in their more superficial 
aspect; when the intensive rnagnitudeys di.scerncd in the phenomena become re- 
presentable as oxten.sive magnitudes, then is the beginning of the application of 
niathematic^al modes of thought; at a still later stage, when the phenomena 
become accessible to dynamical treatment. Mathematics is applicable to the sub- 
ject to a still greater extent. 

Mathematics shares with the closely allmd subject of Astronomy the honour 
of being the oldest of the sciences. When we consider that it embodies, in an 
abstract form, some of the more obvious, and yet fundamei^al, aspects of our 
experience of the external world, this is not altogether surprising. The com- 
'parafciycly high degree of development which, ns recent historical discoveries 
have disposed, it had attained amongst the Babylonians more than five thousand 
years ji.c., may well astonish us. These times must have been preceded by still 
earlier ages in which the mental evolution of man led him to the use of the tally, 
and of simple modes of measurement, long before the notions of number and of 
magnitude appeared in an explicit form. 
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I have said that Mathematics is the oldest of the sciences; a glance nt its 
more recent history will show that it has the energy of perpetual youth. The 
output of contributions to the advance of the science during the last century and 
more has been so enormous that it is dilficult to say whether pride in the great- 
ness of achievement in his subject, or despair at his inability to cope with the 
multiplicity of its detailed developments, should be the dominant feeling of the 
mathematician. Few people outside the small circle of mathematical specialists 
have any idea' of the vast growth of mathematical literature. The Royal Society 
Catalogue contains a list of nearly thirty-nine thousand papers on subjects of Pure 
Mathematics alone, which have appeared in seven hundre«.I serials during the nine- 
teenth century. This represents only a portion of the total output; the very large 
number of treatises, dissertations, and monographs published during the century 
being omitted. During the first decade of the twentieth century this activity has 
proceeded at an accelerated rate. Mathematical contributions to Mechanics, 
Physics, and Aslronomy would greatly swell the total. A notion of the range of 
the literature relating not only to Pure Mathematics but also to all branches of 
science to which mathematical methods have been applied will be best obtained by 
an examination of that monumental work, the ‘ Encyclopadie dor mathematischen 
Wissenschaften ’ — when it is completed. 

The concepts of the pure mathematician, no loss than those of the physicist, 
had their origin in physical experience analysed and clarified by the reflective 
activities of the human mind; but the two sets of concepts stand on diffejent 
planes in regard to the degree of abstraction which is necessary in their forma- 
tion. Those of the mathernaticifin are more remote from actual unana lysed 'per- 
cepts than are those of the pliysicist, having undergone in their formation a more 
complete idealisation and removal of elements inessential in regard to the purposes 
for which they are constructed. This difference in the planes of thought fre- 
quently gives rise to a certain misunderstanding between the mathematician and 
the physicist, due in the case of cither to an inadequate appreciation of the point 
of view of the other. On the one h.and it is frequently and truly said of par- 
ticular mathematicians that they are lacking in the physical instijict; and on tlio 
other hand a certain lack of sympathy is frequently manifested on the part of 
physicists for the aims and ideals if the mathematician. The habits of mind 
and the ideals of the mathematician ond of the physicist cannot be of an identical 
(•harao‘er. The concepts of the mathematician necessarily lack, in their pure 
form, just that element of concreteness which is an essential condition of the 
success of the physicist, but whi^’h to the mathematician would often only obscure 
those aspects of things which it is his province to study. The abstract mathe- 
matical standard of exactitude is one of which the physicist can make no direct 
use. The calculations in Mathcm;jtics are directed towards ideal precision, those 
in Physics consist of approximations within assigned limits of error. The 
physicist can, for example, make no direct use of such an object as an irrational 
number; in any givcni ease a properly chosen rational number app?t)ximating to 
the irrational one is sufficient for his purpose. Such a notion as continuity, as 
it occurs in Mathematics, is, in its purity, unknown to the physicist, who can 
make use only of sensible continuity. The physiral t'ouutorpart of mathematif al 
discontinuity is very rapid change through a thin layer of transition, or during 
a very short time. IMuch of the skill of the true mathematical physicist and of 
the mathematical astronomer consists in the power of adapting methods and 
results carried out on an exact mathematical basis to obtain approximations suffi- 
cient for the purposes of physical measurement. It might perhaps bo thought 
that a scheme of ^Mathematics on a frankly approximative basis would bo suffi- 
cient for all the practical purposes of application in Physics, Engineering Science, 
and Astronomy; and no doubt it would be possible to develop, to some extent 
at least, a species of Mathematics on these lines. Such a system would, how- 
ever, involve an intolerable awkwardness and prolixity in the statement of rofeults, ' 
especially in view of the fact that the degrees of approximation necessary, foi* . 
various purposes are very different, and thus that unassigned grades of approxi- 
mation would have to be provideci for. Moreover the mathematician working 
on these lines would be cut off from his chief sources of irubpiration, the ideals 
of exactitude and logical rigour, as well as from one of his most indispensable 
guides to discovery, symmetry and permanenco of mathematical form. The 
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history of the actual movements of mathematical thought through the centuries 
shows that these ideals are the very life-blood of the science, and warrants the 
conclusion that a constant striving towards their attainment is an absolutely 
essential condition of vigorous growth. These ideals have their roots in irresistible 
impulses and deep-seated needs of the human mind, manifested in its efforts to 
introduce intelligibility into certain great domains of the world of thought. 

There exists a widespread impression amongst physicists, engineers, and ether 
men of science that the effect of recent developments of Pure Mathematics, by 
making it more abstract than formerly, has been to remove it further from the 
order of ideas of those who are primarily concerned with the physical world. 
The prejudice that Pure Mathematics has its sole raison d'Ure in its function of 
providing useful tools for application in the physical sciences, a prejudice which 
did much to retard the due development of Pure Mathematics in this country 
during the nineteenth century, is by no means extinct. It is not infrequently 
said that the present devotion of many mathematicians to the interminable dis- 
cussion of purely abstract questions relating to modern developments of the 
notions of number and function, and to theories of algebraic form, serves only 
the purpose of deflecting them from their proper work into paths which load 
nowhere. It is considered that mathematicians are apt to occupy themselves too 
exc'lusively with ideas too remote from the physicjal order in which Mathematics 
had its origin and in which it should still And its proper applications. A direct 
answer to the question mi bono? when it is raised in respect of a department of 
study such as Pure IMathcmatics, seldom carries conviction, in default of a 
standard of values common to those who ask and to those who answer the 
question. To appreciate the importance of a sphere of mental activity different 
from our own always requires some effort of the sympathetic imagination, some 
recognition of the fact that the absoluto value of interests and ideals of a par- 
ticular class may bo much greater than the value which our own mentality inclines 
us to attach to them. If a defence is needed of the expenditure of time and 
energy on the abstract problems of Pure Mathematics, that defence must bo of 
n cumulative character. The fact that abstract mathematical thinking is one 
of the normal forms of activity of the human mind, a fact which the general 
history of thought fully establishes, will appeal to some minds, as a ground of 
decisive weight. A great department of thought must have its own inner life, 
however transcendent may be the importance of its relations to the outside. No 
department of science, least of all one requiring so high a degree of mental con- 
centration as Mathematics, can be developed entirely, or even mainly, with a 
view to applications outside its own range. The increased complexity and 
specialisa^ion of all branches of knowledge makes it true in the present, however 
it may have been in former times, that important advances in such a department 
as Mathematics can be expected only from men who are interested in the subject 
for its own sake, and who, whilst keeping an open mind for suggestions from 
outside, allow their thought to range freely in those lines of advance which are 
indicated by the present state of their subject, untrammelled by any preoccupa- 
tion as to applications to other departments of science. Even with a view to 
applications, if Mathematics is to be adequately equipped for the purpose of 
coping with the intricate problems which will to presented to it in the future by 
Physics, Chemistry, and other branches of physical science, many of these 
problems probably of a character which we cannot at present forecast, it is 
essential that Mathematics should be allowed to develop itself freely on its own 
lines. Even if much of our present mathematical theorising turns out to be use- 
less for external purposes, it is wiser, for a well-known reason, to allow the 
wheat and the taYes to grow together. It would be easy to establish in detail 
that many of the applications which have been actually made of Mathematics 
were wholly unforeseen by those who first developed the methods and ideas on 
which they rest. Recently, the more refined mathematical methods which have 
been applied to gravitational Astronomy by Debaunay, G. W. Hill, Poincare, 

E. W. Riown, and others, have thrown much light on questions relating to the 
solar system, and have much increased the accuracy of our knowledge of the 
motions of the moon and the planets. Who knows what weapons forged by the 
theories of functions, of differential equations, or of groups, may be required 
when the time comes for such an empirical law as Mendel^eff’s periodic law of 
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the elements to receive its dynamical explanation by means of an analysis of the 
detailed possibilities of relatively stable types of motion, the general schematic 
character of >vhich will have been indicated by the physicist ? It is undoubtedly 
true that the cleft between Pure Mathematics and Physical Science is at the present 
time wider than formerly. That is, however, a result of the natural development, 
on their own lines, of both subjects. In the classical period of the eighteenth 
century, the time of Lagrange and Laplace, the nature of the physical investiga- 
tions, consisting largely of the detailed working out of problems of gravitational 
Astronomy in accordance with Newton’s law, was such that the passage was 
easy from the concrete problems to the corresponding abstract mathematical 
ones. Later on, mathematical physicists were much occupied with problems 
which lent themselves readily to treatment by means of continuous analysis. In 
our own time the effect of recent developments of Physics has been to present 
problems of molecular and sub-molecular Mechanics to which continuous analysis 
is not at least directly applicable, and can only be made applicable by a process 
of averaging the effects of great swarms of discrete entities. The speculative 
and incomplete character of our conceptions of the structure of the objects of 
investigation has made the applications of Dynamics to their detailed elucidation 
tentative and partial. The generalised dynamical scheme developed by 
Lagrange and Hamilton, with its power of dealing with systems, the detailed 
structure of which is partially unknown, has however proved a powerful weapon 
of attack, and affords a striking instance of the deep-rooted significance of 
mathematical form. The wonderful and perhaps unprecedentedly rapid dis- 
coveries in Physics which have been made in the last two decades have given 
rise to many questions which are as yet hardly sufliciently definite in form to be 
ripe for mathematical treatment; a necessary condition of which treatment con- 
sists in a certain kind of precision in the data of the problems to bo solved. 

The difficulty of obtaining an adequate notion of the general scope and aims 
of Mathematics, or even of special branches of it, is perhaps greater than in the 
case of any other science. Many persons, even such as have made a serious and 
prolonged study of the subject, feel the difficulty of seeing the wood for trees. 
The severe demands made upon students by the labour of acquiring a difficult 
technique largely accounts for this ; but teachers might do much to facilitate the 
attainment of a wider outlook by directing the attention of their students to the 
more general and less technical aspects of the various parts of the subject, and 
especially by the introduction into the courses of instruction of more of the 
historical clement than has hitherto been usual. 

All attempts to characterise the domain of Mathematics by means of a formal 
definition which shall not only be complete, but which shall also rigidly mark 
off that domain from the adjacent provinces of Formal Logic on the ono side and 
of Physical Science on the other '^ide, are almost certain to meet with but doubt- 
ful success; such success as they may attain will probably be only transient, in 
view of the power which the science has always shown of constantly extending 
its borders in unforeseen directions. Such definitions, many of which have been 
advanced, are apt to err by excess or defect, and often contain distinct traces 
of the personal predilections of those who formulate them. There was a time 
when it would have been a tolerably sufficient description of Pure Mathematics 
to say that its subject-matter consisted of magnitude and geometrical form. 
Such a description of it would be wholly inadequate at the present day. Some 
of the most" important branches of modern Mathematics, such as the theory of 
groups, and Universal Algebra, are concerned, in their abstract forms, neither 
with magnitude nor with number, nor with geometrical form. That great 
modern development. Projective Geometry, has been so formulated as to be 
independent of all metric considerations. Indeed the tendency of mathema- 
ticians under the influence of the movement known as the Arithmetisation of 
Analysis, a movement which has become a dominant one in the last few decades, 
is to banish altogether the notion of measurable quantity as a conception neces- 
sary to Pure Mathematics; Number, in the extended meaning it has attained, 
taking its place. Measurement is regarded as one of the applications, but as no 
part of the basis, of mathematical analysis. Perhaps the least inadequate 
description of the general scope of modern Pure Mathematics — I will not call it 
a definition — would be to say that it deals with /orm, in a very general sense of 
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the term; tliis would include algebraic form, geometrical form, functional rela- 
tionship, the relations of order in any ordered set of entities s-uch ns numbers, 
and the analysis of the peculiarities of form of groups of operations. A strong 
tendency is nianifcstcJ in many of the recent definitions to break down the line 
of demarcation which was formerly supposed to separate Mathematics from 
formal logic; the rise and development of symbolic logic has no doubt^ em- 
phasised this tendency. Thus Mathematics has been described by the eminent 
American mathematician and logician B. Pierce as ‘the .Science which draws 
necessary conclusions,’ a pretty complete identification of Mathematics with 
logical proceduic in general. A definition which appears to identify all Mathe- 
matics with the Mcngcnlehre, or Theory of Aggregates, has been given by E. 
Fapperitz : ‘ The subject-matter of Pure Mathematics consists of the relations 
that can be established between any objects of thought when we regard those 
objects as contained in an ordered manifold; the law of order of this manifold 
must be subject to our choice.’ The form of definition which illustrates most 
strikingly the tendencies of the modern school of logistic is one given by Mr. 
Bertrand Russell. 1 reproduce it here, in order to show how wide is the chasm 
between the modes of expression of adherents of this school and those of mathe- 
maticians under the inllucnce of the ordinary traditions of the science. Mr. 
Russell writes:^ ‘Pure Mathematics is the class of all propositions of the 
form “/? implies (/.” where yj and </ arc propositions containing one or more 
variables, the snmc in the two propositions, and neither p nor q contains any 
constants cxrei)t logical constants. And logical constants are all notions definable 
in terms of the following ; Implication, the relation of a term to a class of which 
it is a member the notion of siirh lhal, the notion of relation, and such further 
notions as may be involved in the general notion of propositions of the above 
form. In addilion to these, Maihematits a notion which is not a constituent 
of the propositions which it considers- namely, the notion of truth.’ 

The belief is very general amongst instructed poisons that the truths of 
Mathematics have absolute certainty, or at least that there appertains to them the 
highest degree of certainty of which the human mind ie capable. It is thought 
that a valid mathematical theorem is necesFarily of such a character as to compel 
belief in any mind capable of following the steps of the demonstration. Any 
considerations tending to weaken this belief would be disconcerting and would 
cause some degree of astonishment. At the risk of this, J must here mention 
two facts which arc of considerable importance as regards an estimation of the 
precise character of mathematical knowledge. In the first place, it is a fact 
that frequently, and at various times, differences of opinion have existed among 
mathematicians, giving rke to controversies as to the validity of whole lines of 
rousoning^and afleciing the results of such reasoning; a consiilerable amount of 
difference of opinion of this character exists anicfng mathematicians at the pre.sent 
time. In the second place, the accepted standard of rigour, that is, the standard 
of what is deemed necefsary to constitute a valid demonstration, has undergone 
change in the course of time. Much of the reasoning which was formerly regarded 
as satisfactory and irrefutable is now regarded as insufficient to establish the 
results which it was employ cvl to demonstrate. It has even been shown that 
results which were once supposed to have been fnUy established by demonstrations 
are, in point of fact, affected with <*rror. I propose here to explain in general 
terms how these phenomena are possible. 

In every subject of study, if one probes deep enough, there are 'found to be 
points in which that subject comes in contact with general philosophy, and where 
differences of philosophical view will have a greater or less influence on the 
attitude of the mind towards the principles of the particular subject. This is 
not surpri.sing when we reflect that there i.s but one universe of thought, that 
no department of knowledge can be absolutely isolated, and that metaphysical 
and psychological implications are a necessary element in all the activities of 
the mind. A particular depariment, such as Mathematics, is compelled to set up 
a more or less artificial frontier, which marks it off from general philosophy. This 
frontier consists of a set of regulative ideas in the form of indefinables and 
axioms, partly ontological assumptions, and partly postulations of a logical 

* Principles of Mathematics, p. 1. 
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charfictcr. To go. behind lliese, to attempt to analyse their nature and origin, 
and to justify their validity, is to go outside the special department and to touch 
on the domains of the metapTiysician and the psychologist. Whether they arc 
regarded as possessing apodictic certainty or as purely hypothetical in character, 
these ideas represent the data or premisses of the science, and the whole of its 
edifice is dependent upon them. They serve as the foundiition on which all is 
built, as well as the frontier on the side of philosophy and psychology. A set 
of data ideally perfect in respect of precision and permanence is unattainable— or 
at least has not yet been attained; and the adjustment of frontiers is one of 
the most frequent causes of strife. As a matter of fact, variations of opinion 
have at various times arisen within the ranks of the mathematicians as to the 
nature, scope, and proper formulation of the principles which form the founda- 
tions of the science, and the views of mathematicians in this regard have always 
necessarily been largely affected by the conscious or unconscious attitude of par- 
ticular minds towards questions of general philosophy. It is in this region, I 
think, that the source is to be found of those remarkable differences of opinion 
amongst malhernaticians which have come into prominence at various times, and 
have given rise to much controversy as to fundjimentals. Since the time of 
Newton- and Leibnitz there has been almost unceasing discussion as to the proper 
foundations for the so-called infinitesimal ralculus. More recently, questions 
relating to the found.ations of geometry and rational mechanics* have much 
occupied the attention of mathematicians. The very great change which has 
taken place during the last half-century in the dominant vioAV of the foundations 
of mathematical analysis -a change which has exercised a great influence extend- 
ing through the whole detailed treatment of that subject -although critical in its 
origin, has been constructive in its results. The Mengenl(3hrc, or theory of 
aggregates, had its origin in the critical study of the foundations of analysis, but 
has already become a great constructive scheme, is indispensable as a method 
in the investigations of analysis, provi<les the language rc(iuisite for the statement 
in precise form of analytical theorems of a general character, and, moreover, has 
already found important applications in geometry. In connection with the 
Mengenlehre there has arisen a controversy amongst mathematicians which is at 
the present time far from liaxing reached a decisive issue. The exact point at 
issue is one which may bo described as a matter of inaiheinatical ontology; it turns 
upon the question of what constitutes a valid definition of a mathematical object. 
The school known as mathematical ‘ idealists * admit, as valid objects of mathe- 
matical discussion, entities which the rival ‘ enif)iricist ’ school regard as non- 
existent for maihematical thought, because insufficiently defined. It is clear that 
the idealist may build whole superstructures on a foundation which the empiricist 
regards as made of sand, and this is what has actually happened in some of the 
recent developments of what has €ome to bo known as tkintorism. The difference 
of view of these rival schools, depending as it does on deep-seated differences of 
philosophical outlook, is thought by some to be essentially irreconcilable. I’his 
controversy was due to tho fact that certain processes of reasoning, of very c on- 
siderable plausibility, which had been employed by (L Cantor, the jcmnde.r of the 
Mengenlehre, had led to results which contained flat contradictions. The efforts 
made to remove these contradictions, and to trace their source, led to the discus- 
sion, disclosing much difference of opinion, of the pro])cr definitions and principles 
on which the subject should be based. 

The proposition 7-4-5 = 12, taken as typic.al of the propositions expressing the 
results of the elementary operations of arithmetic, has since the time of Kant 
given rise to very voluminous discussion amongst f)hi]osophers, in relation to the 
precise meaning and implication of tho operation and tho terms. It will, how- 
ever, be maintained, probably by the majority of mankind, that the theorem 
retains its validity as stating a practically certain and useful fact, whatever 
view philosophers may choose to take of "its precise nature --as, for example, 
whether it represents, in the language of Kant, a synthetic or an analytic 
judgment. It may, I think, be admitted that there is much cogency in this view ; 
and, were Mathematics concerned with the elementary operations of arithmetic 
alone, it could fairly be held that the mathematician, like the practical man of 
the world, might without much risk shut his eyes and ears to the discussions of 
the philosophers on such points. The exactitude of such a proposition, in a suffi- 
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ciently definite sense for practical purposes, is empirically verifiable by sensuous 
intuition, whatever meaning the metaphysician may attach to it. But Mathematics 
cannot be built up from the operations of elementary arithmetic without the intro- 
duction of further conceptual elements. Except in certain very simple cases no 
process of measurement, such as the determination of an area or a volume, can be 
carried out with exactitude by a finite number of applications of the operations 
of arithmetic. The result to be obtained appears in the form of a limit, corre- 
sponding to an interminable sequence of arithmetical operations. The notion of 

* limit/ in the definite form given to it by Cauchy and his followers, together 
with the closely related theory of the arithmetic continuum, and the notions of 
continuity and functionality, lie at the very heart of modern analysis. Essentially 
bound up with tliis central doctrine of limits is the conc'ept of a non-finitc set of 
entities, a concept which is not directly derivable from sensuous intuition, but 
whitdi is nevertheless a necessary postulation in mathematical analysis. The 
conception of the infinite, in some form, is thus indispensable in Mathematics ; and 
this conception requires precise characterisation by a scheme of exact definitions, 
prior to all the processes of deduction recjuired in obtaining the detailed results of 
analysis. The formulation of this precise scheme gives an opening to differences 
of philosophical opinion which has led to a variety of views as to the proper 
character of those definitions which involve the concept of the infinite. Here is 
the point of , divergence of opinion among mathematicians to which 1 have alluded 
above. Under what conditions is a non-finite aggregate of entities a properly 
defined object of mathematical thought, of such a character that no contradictions 
will arise in the theories based upon it? That is the question to which varying 
answers have been offered by different mathematical thinkers. No one answer 
of a completely general character has as yet met with universal acceptance. 
Physical intuition offers no answer to such a question; it is one which abstract 
thought alone can settle. It cannot be altogether avoided, because, without the 
notion of the infinite, at least in connection with the central conception of the 

* limit,* mathematical analysis as a coherent body of thought falls to the ground. 

Both in geometry and in analysis our standard of what constitutes a rigorous 
demonstration has in the course of the nineteenth century undergone an almost 
revolutionary change. That oldest text-book of science in the world, ‘ Euclid’s 
Elements of Geometry,' has been popularly held for centuries to be the very model 
of deductive logical demonstration. Criticism has, however, largely invalidated 
this view. It appears that, at a largo number of points, assumptions not included 
in the preliminary axioms and postulates are made use of. The fact that these 
assumptions usually escape notice is due to their nature and origin. Derived as 
they are from our spatial intuition, their very self-evidence has allowed them to 
be ignore^l, although their truth is not more obvious empirically than that of other 
assumptions derived from the same source whicih are included in the axioms and 
postulates explicitly stated us part of the foundation of Euclid’s treatment of the 
subject. The method of sufx^rimposition, employed by Euclid with obvious 
reluctance, but forming an essential part of his treatment of geometry, is, when 
regarded from his point of view, open to most serious objections as regards its 
logical coherence. Jn analysis, as in geometry, the older methods of treatment 
consisted of processes of deduction eked out by the more or less surreptitious 
introduction, at numerous points in the subject, of assumptions only justifiable by 
spatial intuition. The result of this deviation from the purely deductive method 
was more disastrous in the case of analysis than in geometry, because it led to much 
actual error in the theory. For example, it was held until comparatively recently 
that a continuous function necessarily possesses a differential coefficient, on the 
ground that a curve always has a tangent. This wo now know to be quite 
erroneous, when 'any reasonable definition of continuity is employed. The first 
step in the discovery of this error was made when it occurred to Ampere that the 
existence of the differential coefficient could only be asserted as a theorem requir- 
ing proof; and ho himself published an attempt at such proof. The erroneous 
character of the former belief on this msitter was most strikingly exhibited when 
Weierstrass produced a function which is everywhere continuous, but which 
nowhere possesses a differential coefficient ; such functions can now be constructed 
ad libilum. It is not too much to say that no one of the general theorems of 
analysis is true without the introduction of limitations and conditions which were 
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entirely unknown to the discoverers of those theorems. It has been the task of 
mathematicians under the lead of such men as Cauchy, Biemann, Weierstrass, 
and G. Cantor, to carry out the work of reconstruction of mathematical analysis, 
to render explicit all the limiUtions of the truth of the general theorems, and to 
lay down the conditions of validity of the ordinary analytical operations. 
Physicists and others often maintain that this modern extreme precision amounts 
to an unnecessary and pedantic purism, because in all practical applications of 
Mathematics only such functions are of importance as exclude the remoter possi- 
bilities contemplated by theorists. Such objections leave the true mathematician 
unmoved ; to him it is an intolerable defect that, in an order of ideas in which 
absolute exactitude is the guiding ideal, statements should be made, and processes 
employed, both of which are subject to unexpressed qualifications, as conditions 
of their truth or validity. Tho pure mathematician has developed a specialised 
conscience, extremely sensitive as regards sins against logical precision. The 
physicist, with his conscience hardened in this respect by the rough-and-tumble 
work of investigating the physical world, is apt to regard the more tender organ 
of the mathematician with that feeling of impatience, not unmingled with con- 
tempt, which the man of the world manifests for what he considers to be over- 
scrupulosity and unpracticality. 

It is true that we cannot conceive how such a science as Mathematics could 
have come into existence apart from physical experience. But it is also true that 
physical percepts, as given directly in iinanalysed experience, are wholly unfitted 
to form the basis of an exact science. Moreover, physical intuition fails alto- 
gether to afford any trustworthy guidance in connection with the concept of the 
infinite, which, as we have seen, is in some form indispensable in the formation 
of a coherent system of mathematical analysis. The hasty and uncritical exten- 
sion to the region of the infinite of results which are true and often obvious in 
the region of the finite, has been a fruitful source of error in the past, and remains 
as a pitfall for the unwary student in the present. The notions derived from 
physical intuition must be transformed into a scheme of exact definitions and 
axioms before they are available for the mathematician, the necessary precision 
being contributed by the mind itself. A very remarkable fact in connection with 
this process of refinement of the rough data of experience is that it contains an 
element of arbitrariness, so that the result of the process is not necessarily 
unique. The most striking example of this want of uniqueness in the conceptual 
scheme so obtained is the case of geometry, in which it has been shown to be 
possible to set up various sets of axioms, each set self-consistent, but inconsistent 
with any other of the sets, and yet such that each set of axioms, at least under 
suitable limitations, leads to results consistent with our perception of actual 
space-relations. Allusion is here made, in particular, to the well-known geometries 
of Lobatchewsky and of Biemanr/, which differ from the geometry of Euclid in 
respect of the axiom of parallels, in place of which axioms inconsistent with that 
of Euclid and with one another are substituted. It is a matter of demonstration 
that any inconsistency which might be supposed to exist in the scheme known as 
hyperbolic geometry, or in that known as elliptic geometry, would necessarily' 
entail the existence of a corresponding inconsistency in Euclid’s set of axioms. 
The three geometries therefore, from the logical point of view, are completely on 
a par with one another. An interesting mathematical result is that all efforts to 
prove Euclid’s axiom of parallels, i.c., to deduce it from his other axioms, are 
doomed to necessary failure; this is of importance in view of the many efforts 
that have been made to obtain the proof referred to. When the question is raised 
which of these geometries b the true one, the kind of answer that will be given 
depends a good deal on the view taken of the relation of conceptual schemes in 
general to actual experience. It is maintained by M. Poincar6, for example, that 
the question which is^ the true scheme has no meaning ; that it is, in fact, entirely 
a matter of convention and convenience which of these geometries is actually 
employed in connection with spatial measurements. To decide between them by 
n crucial test is impossible, because our space perceptions are not sufficiently exact 
in the mathematical sense to enable us to decide between the various axioms of 
parallels. Whatever views are taken as to the difficult questions that arise 
in this connection, the contemplation and study of schemes of geometry wider 
than that of Euclid, and some of them including Euclid’s geometry as a special 



m 


TRANSACTIONS OP SECTION A. 


case, is of great interest not only from the purely mathematical point of view, but 
also in relation to the general theory of knowledge, in that, owing to the results of 
this study, some change is necessitated in the views which have been held by 
philosophers as to what is known as Kant’s space-problem. 

The school of thought which has most emphasised the purely logical aspect of 
Mathematics is that which is represented in this country by Mr. Bertrand Bussell 
and Dr. Whitehead, and which has distinguished adherents both in Europe and 
in America. The ideal of this school is a presentation of the whole of Mathe- 
matics as a deductive scheme in which arc employed a certain limited number of 
indefinables and unprovable axioms, by means ot a procedure in which all possi- 
bility of the illicit intrusion of extraneous elements into the deduction is 
excluded by the employment of a symbolism in which each symbol expresses a 
certain logical relation. This school receives its inspiration from a peculiar 
form of philosophic realism which, in its revolt from idealism, produces in the 
adherents of the school a slrong tendency to ignore altogether the psychological 
implications in the movements of mathematical thought. This is carried so far 
that in their writings no explicit recognition is made of any psychological factors 
in the selection of the indefinables and in the formulation of the axioms upon 
which the whole structure of Mathematics is to be based. The actually worked- 
out part of .their scheme has as yet reached only the mere fringe of modern 
Mathematics as a great detailed body of doctrii'.c ; but to any objection to the 
method on the ground of the prolixily of the treatment which would be necessary 
to carry it out far enough to enable it to embrace the various branches of Mailu* 
niatics in all the wealth of their present development, it would probably be replied 
that the main point of interest is to establish in principle the possibility only of 
subsuming Bure Mathematics under a scheme of logistic, li. is quite impossible 
for me hero to attempt to discuss, even in outline, the tenets of this school, or 
even to deal with the interesting question of the possibility of setting up a final 
system of indefinables and axioms which shall suflice for all present and future 
developments of Mathematics. 

I am very far from wishing to minimise the high philosophic interest of the 
attempt made by the reario-Kussell school to exhibit JMathematics as a scheme of 
deductive logic. I have myself eiiiphasised abo^c the necessity and importance of 
fitting the results of mathematical research in their final form into a framework 
of deduction, for the purpose of ensuring the complete precision and the verifica- 
tion of the various mathematical theories. At the same time it must be recog- 
nised that the purely deductive method is wholly inadequate as an instrument of 
research. Whatever view may be held as regards the place of psychological 
implications in a completed body of matliematical doctrine, in research the 
psychological factor is of paramount importanc^. The slightest acquaintance with 
the history of Mathematics establishes the fact that discoveiies have seldom, or 
never, been made by purely deductive processes. The results are thrown into a 
purely deductive form after, and often long after, their discovery. In many cases 
the iJurely deductive form, in the full sense, is quite modern. The possession 
of a body of indefinables, axioms, or postulates, and symbols denoting logical 
relation, would, taken by itself, be wholly insufiicient for the development of a 
mathematical theory. With these alone the inatheniafician would be unable to 
move a stop. In face of an unlimited numlwr of possible combinations a prin- 
ciple of selection of siicli as arc of interest, a purposive element, and a perceptive 
faculty are essential for the development of anything new. In tfie process of 
discovery the chains in a sequence of logical deduction do not at first arise in their 
final order in the mind of the mathematical discoverer. He divines the results 
before they are' established ; he has an intuitive grasp of the general lino of a 
demonstration long before he has filled in the details. A developed theory, or 
oven a demonstration of a single theorem, is no more identical with a mere com- 
plex of syllogisms than a melody is identical with the mere sum of the musical 
notes employed in its composition. In each case the whole is something more than 
merely the sum of its parts ; it has a unity of its own, and that unity must be, 
in some measure at least, discerned by its creator before the parts fall completely 
into their places. Logic is, so to speak, the grammar of Mathematics; but a 
knowledge of the rules of grammar and the letters of the alphabet would not bo 
sufficient equipment to enable a man to write a book. There is much room for 
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individuality in the modes of mathematical discovery. Some great mathemalii iana 
have employed largely images derived from spatial intuition as a guide to thoir 
results; others appear wholly to have discarded such aids, and were led by a fine 
feeling for algebraic and other species of mathematical form. A certain tentative 
process is common, in which, by the aid of results known or obtained in special 
cases, generalisations are perceived and afterwards established, which take up 
into themselves all the special cases so employed. Most mathematicians leave 
some traces, in the fin.al presentation of their work, of the scaffolding they have 
employed in building their edifices : some much more than others. 

The difference between a mathematical theory in the mnking and as a finished 
product is, perhaps, most strikingly illustrated by the Cdse of geometry, as pre- 
sented in its most approved modern shape. It is not too much to say that 
geometry, reduced to a purely deductive form — as presented, for example, by 
Hilbert, or by some of the modern Italian school— has no necessary connection 
with space. The words ‘ point,’ ‘ line,* ‘ plane * are employed to denote any 
entities whatever which satisfy certain prescribed conditions of relationship. 
Various premisses are postulated that w'ould apjiear to be of a perfectly arbitrary 
nature, if we did not know how they had been suggested. In that division of 
the subject known as metric geometry, for example, axioms of congruency are 
assumed which, by their purely abstract character, avoid the very rcaj difhculties 
that arise in this regiird in reducing perceptual spncc-rclations of incasureniciits to 
a purely conceptual form. Such schemes, triumphs of constructive thought at its 
highest and most abstract level as they arc, could never have been constructed 
apart from the space-perceptious that suggested them, although the concepts of 
spatial origin are transformed aIino.st out of recognition. But what 1 want to 
call attention to here is that, apart from the basis of this geometry, mathe- 
maticians would never have been able to find their way through the details of the 
deductions without having continual recourse to the guidance given them by 
spatial intuition. If one attempts to follow one of the demonstrations of a par- 
ticular theorem in the work of writers of this school, one would find it quite 
impossible to retain the stPi)S of the procc.«s long enough to master the whole, 
without the aid of the very spatial suggestions which have been abstracted. This 
is perhaps sufficiently warranted by the fact that writci*s of this .school find it 
necessary to provide their readers with figures, in order to avoid complete 
bewilderment in following the demonstrations, although the processes, being 
purely logical deductions from premisses of the nature I have de.scril) 0 (l, deal only 
with entities which have no necessary similarily to anything indicated by the 
figures. 

A most interesting account has been written by one of the greatest, mathe- 
maticians of our time, M. Henri I’ojncare, of the way in which he was led to some 
of his most important malhematic.-il discoveries.^ Ifc describes the process of 
discovery as consisting of three stages : the first of these consists of a long effort 
of concentrated attention upon the problem in hand in all its bearings ; during the 
second stage he is not consciously occupied with the subject at all, but at some 
quite unexpected moment the central idea which enables him to surmount the 
difficulties, the nature of which he had made clear to himself during the first 
stage, flashes suddenly into his consciousness. The third stage consists of the 
work of carrying out in detail and reducing to a connected form the results to 
which he is led by the light of his central idea; this stage, like the first, is one 
requiring conscious effort. This is, I think, clearly not a description of purely 
deductive process; it is assuredly more interesting to tlic psychologist than to the 
logician. We have here the account of a complex of mental processes in which it 
is certain that the reduction to a scheme of precise logical deduction is the latest 
stage. After all, a mathematician is a human being, not a logic-engine. Who 
that has studied the works of such men as Euler, Lagrange, Cauchy, Riemann, 
Sophus Lie, and Weierstrass, can doubt that a great mathematician is a great 
artist ? The faculties possessed by such men, varying greatly in kind and degree 
with the individual, are analogous to those requisite for constructive art. Not 
every great mathematician possesses in a specially high degree that critical faculty 
which finds its employment in the perfection of form, in conformity with the 
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ideal of logical completeness; but every great mathematician possesses the rarer 
faculty of constructive imagination. r • j 

i’he actual evolution of mathematical theories proceeds by a process of induc- 
tion strictly analogous to the method of induction employed in building up tbe 
physical sciences ; observation, comparison, classification, trial, and generalisation 
are essential in both cases. Not only are special results, obtained independently 
of one another, frequently seen to be really included in some generalisation, but 
branches of the subject which have been developed quite independently of one 
another are sometimes found to have connections which enable them to ^ be 
synthesised in one single body of doctrine. The essential nature of mathematical 
thought manifests itself in the discernment of fundamental identity in the mathe- 
matical aspects of what ar<? superficially very different domains. A striking 
example of this species of immanent identity of mathematical form was exhibited 
by the discovery of that distinguished mathematician, our (Jeneral Secretary, 
Major Macmahon, that all possible Latin squares are capable of enumeration by 
the consideration of certain differential operators. Here we have a case in which 
an enumeration, which appears to be not amenable to direct treatment, can 
actually be carried out in a simple manner when the underlying identity of the 
operation is recognised with that involved in certain operations due to differential 
operators, the calculus of which belongs superficially to a wholly different region 
of thought*from that relating to Latin squares. The modern abstract theory of 
groups affords a very important illustration of this point; all sets of operations, 
whatever be their concrete character, which have the same group, are from the 
point of view of the abstract theory identical, and an analysis of the properties of 
the abstract group gives results which are applicable to all the actual sets of 
operations, however diverse their character, which are dominated by the one 
group. The characteristic feature of any special geometrical scheme is known 
when the group of transformations which leave unaltered certain relations of 
figures has been assigned. Two schemes in which the space elements may be quite 
different have this fundamental identity, provided they have the same group; 
every special theorem is then capable of interpretation as a property of figures 
either in the one or in the other geometry. The mathematical physicist is familiar 
with the fact that a single mathematical theory is often capable of interpretation 
in relation to a variety of physical phenomena. In some instances a mathematical 
formulation, as in some fashion representing observed facts, has survived the 
physical theory it was originally devised to represent. In the case of electro- 
magnetic and optical theory, there appears to be reason for trusting the equations, 
even when the proper physical interpretation of some of the vectors appearing in 
them is a matter of uncertainty and gives rise to much difference of opinion; 
another*instance of the fundamental nature of mathematical form. 

One of the most general mathematical confieptions is that of functional rela- 
tionship, or ‘ functionality.’ Starting origin<*illy from simple cases such as a 
function represented by a power of a variable, this conception has, under the 
pressure of the needs of expanding mathonuitical theories, gradually attained the 
completeness of generality which it possesses at the present time. The opinion 
appears to be gaining ground that this very general conception of functionality, 
horn on mathematical ground, is destined to supersede the narrower notion of 
causation, traditional in connection with the niatural sciences. As an abstract 
formulation of the idea of determination in its most general sense, the notion of 
functionality includes and transcends the more special notion of Causation as a 
one-sided determination of future phenomena by means of present conditions ; it 
can be used to express the fact of the subsumption under a general law of past, 
present, and future alike, in a sequence of phenomena. From this point of view 
the remark of Huxley that Mathematics ‘ knows nothing of causation * could only 
be taken to express the whole truth, if by the term * causation * is understood 
I efficient causation.’ The latter notion has, however, in recent times been to an 
increasing extent regarded as just as irrelevant in the natural sciences as it is in 
Mathematics; the idea of thorough-going determinancy, in accordance with 
formal law, being thought to be alone significant in either domain. 

The observations I have made in the present address have, in the main, had 
reference to Mathematics as a living and growing science related to and per- 
meating other great departments of knowledge. The small remaining space at 
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my disposal I propose to devote to a few words about some matters connected 
with the teaching of the more elementary parts of Mathematics. Of late years a 
new spirit has come over the mathematical teaching in many of onr institutions, 
due in no small measure to the reforming zeal of our General Treasurer, Professor 
John Perry. The changes that have been made followed a recognition of the fact 
that the abstract mode of treatment of the subject that had been traditional was 
not only wholly unsuitable as a training for physicists .and engineers, but was also 
to a large extent a failure in relation to general education, because it neglected in 
bring out clearly the bearing of the subject on the concrete side of things. With 
the general principle that a much less abstract mode of treatment than was 
formerly customary is desirable for a variety of reasons. I am in complete accord. 
It is a sound educational principle that instruction .should begin with the concrete 
side, and should only gradually introduce the more general and abstract aspects 
of the subject ; an abstract treatment on a purely logical basis being reserved only 
for that highest and l.^test st.ige which will be reached only by a small minority 
of students. At tlie same time I think there are some serious dangers connected 
with the movement towards making the teaching of Mathematics more practical 
than formerly, and I do not think tLat, in making the recent changes in the modes 
of teaching, these dangers have alw.ays been successfully avoided. 

Geometry and mechanics are both subjects with two sides : on the ope side, the 
observalionjil, they are physical sciences; on the other side, the abstract and deduc- 
tive, they arc branches of Pure Mathematics. The older traditional treatment of 
these subjects has been of a mixed char.*icter, in which deduction and induction 
occurred side by side throughout, but far too much stress was l.aid upon the 
deductive side, especially in the earlier stages of iiisl nation. It is the proportion 
of the two elements in the mixture th.at has been altered by the changed methods 
of instruction 'of the newer school of tcjichers. In the earliest teiiching of the 
subjec's they should, I believe, be treated wholly as observcilional studies. At a 
later stage a mixed treatment must be employed, observation and deduction going 
hand in hand, more stress being, however, laid on the observational side than 
was formerly custorn.'iry. This mixed treatment leaves much opening for variely 
of method ; its chanicter must depend to a large extent on the age and general 
mental developmont of the pupils; it should allow free scope for the individual 
methods of various teachers as suggested to those teachers by experience. 
Attempts to fix too rigidly any particiibar order of treatment of these subjects are 
much to be (?eprocate<I, and, unfortunately, .such aticmpfs arc now lieing made. 
To have escai)cd from the thraldom of Euclid will avail little if the study of 
geometry in all the schools is to fall under the domination of some other rigidly 
prescribed scheme. 

There are at the present time smne signs of reaction against the recent move- 
ment of reform in the teaching of geometry. It is found that the lack of a 
regular order in the sequence of propositions increases the difficulty of the 
examiner in appraising the performance of the candidates, and in standardising 
the results of examinations. That this is true may well bo believed, and it wag . 
indeed foreseen by many of those who took p.irt in bringing about the dethrone- 
ment of Euclid as a text-book. From the point of view of the examiner it is 
without doubt an enormous simplificjition if all the students have learned the sub- 
ject in the same order, and have studied the same text-book. But, admitting 
this fact, ought decisive weight to be allowed to it? I am decidedly of opinion 
th.at it ought not. I think the convenience of the examiner, and even precision 
in the results of examinations, ought unhesitatingly to be sacrificed when they 
are in conflict — as I believe they are in this case — with the vastly more importtint 
interests of education. Of the many evils which our examination system has 
inflicted upon us, the centrsxl one has consisted in forcing our school and univer- 
sity teaching into moulds determined not by the true interests of education, but 
by the mechiinical exigencies of the examination syllabus. The examiner has 
thus exercised a potent influence in discouraging initiative and individuality of 
method on the part of the teacher; he has robbed the teacher of that freedom 
which is essential for any high degree of efficiency. An objection of a different 
character to the newer inodes of teaching geometry has been frequently made of 
late. It is said that the students are induced to accept and reproduce, as proofs 
of theorems, arguments which are not really proofs, and thus that the logical 
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training which should be imparted by a study of geometry is vitiated. If this 
objection really implies a demand for a purely deductive treatment of the subject, 
T think some of those who raise it hardly realise all that would be involved in 
the complete satisfaction of their requirement. I have already remarked that 
Euclid’s treatment of the subject is not rigorous as regards logic. Owing to the 
recent exploration of the foundations of geometry we possess at the present time 
tolerably satisfactory methods of purely deductive treatment of the subject; in 
regard to mechanics, notwithstanding the valuable work, of Mach, Herz, and 
others, this is not yet the case. But, in the schemes of purely deductive geometry, 
the systems of axioms and postulates are far from being of a very simple 
character; their real nature, and the necessity for many of them, can only be 
appreciated at a much later stage in mathematical education than the one of 
which I am speaking. A purely logical treatment is the highest stage in the 
training of the mathematician, and is wholly unsuitable — and, indeed, quite im- 
possible — in those stages beyond which the great majority of students never pass. 
It can then, in the case of all students, except a few advanced ones in the univer- 
sities, only be a question of degree how far the purely logical factor in the 
proofs of propo.sitions shall be modified by the introduction of elements derived 
from observation or spatial intuition. If the freedom of teaching which I have 
advocated bp allowed, it will be oiien to those teachers who find it advisable in 
the interests of their students to emphasise the logical side of their teaching to do 
so; and it is certainly of value in all cases to draw the attention of students to 
those points in a proof where the intuitional clement enters. I draw, then, the 
conclusion that a mixed treatment of geometry, as of mechanics, must prevail in 
the future, as it has done in the past, but that the proportion of the observational 
or intuitional factor to the logical one must vary in accordance with the needs 
and intcllectiiiil attainments of the students, and that a Largo measure of freedom 
of judgment in this regard should be left to the teacher. 

The great and increasing importance of a knowledge of the differential and 
integral calculus for students of engineering and other branches of physical science 
has led to the publication during the last few years of a considerable number of 
text-books on this subject intcnde<I for the use of such students. S^ome of these 
text-books are excellent, and their authors, by a skilful insistence on the principles 
of the subject, have done their utmost to guard against the very real dangers 
which attend attempts to adapt such a subject to the practical needs of engineers 
and others. It is quite true that a great mass of detail which has gradually come 
to form part — often much too large a part — of the material of the student of 
Mathematics, may with grcrat advantage be ignored by those whose main study is 
to be engineering science or physics. Yet it cannot be too strongly insisted on that 
a firm grasp of the principles, as distinct from tjie mere processes of calculation, is 
essential if Mathematics is to be a tool really useful to the engineer and the 
physicist. There is a danger, which experience has shown to be only too real, 
that such students may learn to regard Mathematics as consisting merely of 
formula) and of rules which provide the means of performing the numerical com- 
putations necessary for solving certain categories of problems which occur in the 
practical sciences. Apart from the deplorable effect, on the educational side, of 
degrading Mathematics to this level, the practi.,ral effect of reducing it to a number 
of rule-of-thumb processes can only be to make those who learn it in so unintelli- * 
gent a manner incapable of applying mathematical n^ithods to g,ny practical 
problem in which the data differ even slightly from those in the model problems 
which they have studied. Only a firm grasp of the principles will give the neces- 
sary freedom in handling the methods of Mathematics required for the various 
practical problems in the solution of which they are essential. 


The following Papers were then lead 

1. Positive Pays, By Professor Sir J. J. Thomson, F,R.S. 

The investigation of the positive rays which arc produced when the electric 
discharge passes through a tube filled with gas at a low pressure is much 
facilitated by using very large tubes. With large tubes, in which there is room 
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cli">on*ion« before reaebin^ 
the walls of the tube, the })roBMiro may bo rediued murh lower without. Tii»k c!f 
spatKing through the tube than is possible with small tubes, and hence many 
phases of the discharge can be investigated which eilher do not exist or aro 
inconspicuous when the tubes are small and the pressure necessarily high. The 
author has used tubes with volumes as large as eleven litres, but tubes made of 
two-litre flasks such as are used for boiling-point determinations are large enough, 
if the anode is suitably placed, to show the various types of positive rays. 

With these tubes fhe folio wiug types of rays, passing through a hole in the 
cathode, can be made out : — 

1. Rays which are not deflected either by magnetic or electric forces. 

2. Secondary rays produced by rays of type (1). Those are deflected by 
electric and magnetic forces; they h.ave a constant velocity of about 2x10* 
cms. per sec., which does not change, hourever the pressure in the tube or the 
potential dilTerenco between the electrodes may bo altered. The value of c/m 
for these rays has the constant value 10^. 

These secondary positive rays are accompanied bjr negatively changed ones 
which have the same velocity and the same ninnerical value of e/m as the 
positive ones. 

In small tubes the only rays which are prominent are those of types (1) 
and (2). 

3. In addition to the rays of the preceding types, there are rays which are 
characteristic of the gases in the tube. These arc only con.spicuous when the 
pressure is low. The velocity of rays of this type, unlike that of the preceding 
typo, depends upon the potential difference between the electrodes. When there 
are several gases in the tubes— say, hydrogen, air, helium— the maximum kinetic 
energy of the rays corresponding to each of those gases is the same, and seems 
to be that duo to a fall through the potential difference between the negative 
of low and the cathode. The value of e/m for the rays from different gases is 
inversely proportioned to the atomic weight of the gas from which the rays 
are derived. Thus these rays are probably atoms of the gas carrying one unit 
of positive charge ; in the case of hydrogen there seem to be rays corresponding 
to the molecule as well as to the atom. 


The author has observed r.ays of this type corresponding to all the elements 
which have as yet been introduced into his tubes. These include hydrogen, 
helium, air, carbon, neon, and mercury. Other elements are in course of 
investigation. 

Some, but not all, of these rays have negatively charged rays connected 
with them, resembling in this respect the secondary rays of type (2). The ray« 
from air and mercury vapour have their negative constituents, while the negative 
rays corresponding to the hydrogen molecule, to the atoms of helium, carbon, and 
neon, have not been detected. 

There is a considerable range in the velocities of the rays from the same 
gas, though when the pressure is very low the greater part seem to be moving 
with nearly the maximum velocity. 

The rays corresponding to the different atoms can be separated by deflecting 
them by magnetic and electric forces; if after deflection they fall on a screen 
covered with a phosphorescent substance, each kind of ray produces under the 
simultaneous action of electric and magnetic forces a separate band on the 
phosphorescent screen forming a kind of spectrum. The tul3€s T worked with 
were not specially designed to allow the most intense magnetic field.s possible 
to bo applied to the rays, and I was not sure when air was in the tube I could 
see separate bands cor re.epon ding to nitrogen and oxygen ; but when the air was 
replaced by carbon monoxide, two separate bands, one corresponding to carbon 
and the other to oxygen, could clearly be .seen. Plxpcrimenfs are in progress 
with tubes designed so that exceedingly intense magnetic flelds may be applied 
to the rays, for tho purpose of using this method to analyse the gas in the tube 
and to measure the atomic weights of tho constituents. As exceedingly small 
quantities of gas may be dealt with in this way, it appears probable that inter- 
esting results may follow from the application of this method to the analysis 
of tho gases in vacuum tubes. 

4. The fourth type of ray is the one I have previously called * retrograde 
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rsiys.* These travel away from the cathode in the same direction as the cathode 
rays; these rays are of types (1) and (2). I have not succeeeded in detecting 
rays of type (3) among these rays. The retrograde rays have negative 
constituents. 


2. A New S'peMro'photomeier of the IlHfner Tyfe, 

By R. A. Houstoun, M,A., PLD,, D,Sc. 

This instrument consists of a spectroscope, the ordinary eyepiece of which 
' has been replaced by an eyepiece containing a glass Thompson prism and in front 
of the slit of which is fixed a prism of special design made of glass and Iceland 
spar. This prism performs the double function of dividing the field of view 
into halves which touch each other sharply, and of polarising these halves at 
right angles to each other. The halves are matched by rotating the nicol eye- 
piece. The instrument can be arranged for use as an ordinary spectroscope in 
one minute by removing the special prism and substituting the ordinary eyepiece. 
It has the advantage over other Hiifner spectrophotometers that any dispersion 
prism may bo used with it. It has been used for three researches during the 
past two years, and has proved accurate, free from systematic error, and very 
suitablo for, measuring the intensity of weak lights. 


3. A New and Simple Means of producing Interference Bands. 

By R. A. IfousTOUN, M.A., Ph.D., D.Sc. 

If a right-angled isosceles glass prism the right angle of which is a few 
minutes short of 90° is placed in front of a slit, two virtual images of the slit 
are formed behind the prism, and these produce interference bands in front of 
the prism. The experiment is being used as a .student’s exercise in the physical 
laboratory of the TTniversity of Glasgow. The method was at first thought 
to bo new, but has recently been anticipated in Berlin. 


4. A New Gyroscopic Apparatus. By Professor A. E. H.*Love, F.R.S. 


FRIDAY, SEPTEMBER 2. 

Joint Meeting with Section B. 
Discussion on Combustion . — See Reports, p. 501. 


The following Papers and Report were then read : — 

1. The MolecularW eight of Radium EmanaUon, By Sir William Ramsay, 
K.C.B., F.R.S., and Dr. R. W. Gray. 


2. On the Number of Electrons in the Atom. By Dr. J. A. Crowther. 

The present experiments were made to determine, by means of experiments 
in the /S-rays, the number of electrons in the atom. 

Professor Sir J. J. Thomson has recently calculated the mean deflection ^ 
experienced by a ^-particle of known velocity in passing through a thickness t 
of material. The summation is performed by a theorem due to Lord Rayleigh, 
which leads lo the relationship 

s/ t-c 

where c is a constant involving only the number of electrons in the atom of 
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the substance, and known constants. The accuracy of this relationship has 
been very carefully tested by experiment. 

The expression obtained for c depends upon the assumptions made as to the, 
nature of positive electricity. Two expressions have been obtained — 

(i) On the assumption that the positive electricity in the atom occupies 
a volume comparable with that of the atom ; (ii) that it is divided 
into small units comparable in size with the negative electron. 

Experimental determinations have been made of the ratio <I>J s/t for different 
elements and the corresponding number of electrons calculated. The a|:)pended 
table gives the number of electrons in the atom divided by the corresponding 
atomic weight. 

It will be seen that the lumbers in the first column are practically constant 
at a mean value — ^three. The numbers in the second column increase rapidly 
with the atomic weight. From experiments on the scattering of Rdntgen rays 
it is almost certain that the number of electrons in the atom is proportional to 
the atomic weight, as given by our first assumption. Thus we conclude that the 
positive electrification occupies a volume comparable with that of the atom, and 
that the number of electrons in an atom is three times the atomic weight. 

Ratio of the Number of Electrons in the Atom to Atomic Weif/hC. 


Element. 

i I- 

II. 

Carbon 

. ' 3-32 

3*7 

Aluminium 

. ! 3-07 

6*8 

Copper 

2-87 

120 

Silver 

. ' 2-96 

19-2 

Platinum . 

312 

33-5 


3. On the Attraction Constant of a Molecule of a Compound and its 
Chemical Properties. By R. D. Kleeman, D.Sc., B.A. 

The writer has previously deduced from surface tension and latenl. heat data that 

tr 

the attraction between two molecules of the same kind is ^ (S-v/tw,)*, where z is the 

distance between the molecules, aij^d ^ v/?/!, is the sum of the square roots of the 
atomic weights of the atoms of a molecule, and K is a quantity whose exact form is 
not known except that it has the same value for all substances at corresponding 
temperatures and may therefore be a function of the distance between the molecules 
and the temperature. The quantity Sv'm, will be referred to as the attraction 
constant of the molecule. It was now pointed out that it can be shown strictly 
mathematically that the law of attraction cannot be completely determined from 
surface tensions or latent heat data. The law deduced must contain an unknown 
function of the distance between the molecules and the temperature. It follows, 
therefore, that^if we assume a law of attraction between molecules and deduce from 
it a formula for the surface tension or latent, and find that it fits the facts, it does 
not therefore follow that the law assumed is correct. In order to bo on safe ground 
it is necessary that the law deduced should contain an unknown function. Now 
this is the case with the law given above, the exact nature of K being not known. 
Farther, since K is the same for all substances at corresponding temperatures it does 
not contain 2 \/mj, and the chemical attraction of a molecule is therefore proportional 
to 2 and this result should be true. 

The attraction constants of the atoms of a molecule of a compound we would 
expect to be connected with its chemical properties. Thus the writer found that the 
To 

properties of the quanijty - of a substance, where denotes the critical 

temperature, run parallel with its purely chemical properties. Thus the value of this 
quantity is constant for a compound and its substitution products when an atom is 

1910. M H 
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replaced by an atom. Further, if we write A - B = ^ where B denotes the chemical 

formula of a substance, the quantities for which B stands and the quantity A have 
the same values for a group of substances possessing similar properties, but which 
vary from group to group. Thus, for example, in the case of the esters we would 

have A - (20 + a(C + 2H)) = ^ -f- , which may be written A, — aB, = - ■ / - , where o 

2 V wij 5 V wij 

denotes an integer. The values of A, and B, are found to be the same for each 
ester. 

The various chemical compounds can be divided into groups in the above ways, 
and it is found that this grouping coincides with that obtained from purely chemical 
considerations. The amines thus fall into three groups corresponding to the 
primary, secondary, and tertiary amines. The nitrites fall into a group, and so also 
do the ethers, the primary alcohols, and the secondary alcohols (omitting two 
alcohols which we know are, to a great extent, polymerised). The study of the 

properties of the quantity - _ may therefore bo of great assistance in the classifica- 

2 w w I 

tlon of chemical compounds into groups, and to obtain various other connections 
between the compounds. 

4. Report on Soliihilily- By Dr, J. V. Eyrk, — S ee Reports, p. 425. 


5. The Deduction of Hydration Vfdues of Acids from the Rate at which 
they induce Hydrolysis. By F. P. Worley. 


Mathematical Department. 

The following Papers and Reports were road : — • 

1. On Functions derived from Complete and Incomplete Ijittiees in Two 
Dimensions and the Derivation there from of Funciions which enume- 
rate the Two Dimensional Partition of Numbers. By Major P. A. 
MacMaiion, F.R.S. 

2. On a certain Permutation Group. By Dr. H. F. Baker, F.R.S. 

If n different letters be written down in a certain order and then rearranged, by 
writing the last iirst, the first second, the last but one third, the second fourth, and 
so on, and this rule of rearrangement be then again applied, and so on repeatedly, 
required to find the number of rearrangement.- before the original order is regained. 
For instance, the set of six letters gives in turn by this rule : — 





a, 



or say (6) 

(1) 

(6) 

(2) 

(4) 

(3) 

"a 

• flr, 




«3 

(••«) 

(6) 

(4) 

(1) 

(2) 

(5) 



a. 




(6) 

(3) 

(2) 

(6) 

0) 

(4) 



"a 




14) 

(6) 

(0 

(3) 

(6) 

(2) 



a. 

^3 



(8) 

(4) 

(3) 

(5) 

(3) 

(1) 


», 

«« 



a. 

(1) 

(2) 

(3) 

(4) 

(S) 

(6) 

a, 

a., 












so that the original arrangement is regained after six changes. 

More generally writing the first two arrangements 

(ii a» a-g . . . 

hy . . . ^n-2 tfn 

we see that 

— — • • • I = "I" ^ “ ®?i— i» • f • 
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Hence if any column of the completed scheme be read upwards from the last row 
ffg . ...» the rule for the suffixes is to place above the letter aj where y = 2t 

unless 2i > n, and jri2n+l—2i in case 2i > n, in which case + 1 - 2i^n. 

As another example suppose n=i7 ; the scheme, writing only the suffixes, is then 

1 2 3 4 5 6 7 

7 1 6 2 5 3~4 

4 7 3 1 6 6 2 

2 4 6 7 6 3 1 

1 2 3 4 6 6 7 

and there arc four rearrangements ; the column of 6 remains unaltered and two 
columns consist of 3, 6 repeated. The table tlius gives a partition of 7 into 4 + 2 + 1, 
in which each number after 4 divides 4. 

In general we can prove that thfi nwhber of substitution in tho group is the least 
number r which is such that one of the two numbers 2' “ 1, 2' + 1 dlHdes by 27i+l. 

For suppose 2'' + e = (2a + 1)M, where € is + 1 or — I ; let 2 be the least power of 
2 greater than the odd number M, 2^ the least power of 2 greater than the odd 
number 2^‘ — M, and so on ; thence we can write 

M = 2^‘ - 2^“ + 2^“- . . — 2^'^* + 1, when € = + 1 
or 

M = 2*‘ - 2^" + 2^^- .. +2^*— 1, when e= - 1, 
with Aj>A 2>^3 • • M the identity 1 = 2 — 1 being used if necessiary to give the 
required last term. It can then be seen, if N denote 2/i + 1, that the numbers 

H. ^+, = 2 ‘».{-(2‘‘-2‘'+ . . . -2‘'')N + 2--} 
arc positive integers sucli that 

2*1-1 + 1" N= 2V-r'*f'*‘Hp + 1 . 

Beginning now with the number 1, apply the rule obtained abovo,y = 2/ when 
2i^a, y = N - 2i when 2i'>n; it will then be found that we obtain in succession 
the numbers 

I, 2, 2^ 2», . . . 2»-^i -i, 

N-2»-S 2(X-2»-H • • • 2^i-^^-i(N 

H«, 2H„ . . . 2V 

11.. 2H. 2?.-».-iH.. 

and so on, the last element of the last row being n itself. 

The number of these numbers is r ; though beginning with 1 and ending with n 
they do not generally consist of all the numbers from I to n. In particular if N be 
a composite number, no divisor of N will occur in the series. Let d be a divisor of 
N, and N = the equation 2'" + € = NM is the same as 2'’ + € =/dM =/K, say. Sup- 
pose r, is the least number such that one of the two numbers 2’'> + 1, 2*'« - 1 divides 
by/, say 2’» + €, =/M„ so that We may then form a cycle, 1, 2, 4, ... 

of r, numberi^ by the rule that after any number o* of this cycle shall follow r = 2<r 
80 long as 2(r J J(/— 1), and the number /— 20 * when 2o'>J(/— 1); if we put i = do-, 
y = dr, these rules aic equivalent toy = 2i ory = N — 2i ; applied to d, they give a cycle 
d, 2d, 4d,. . . ., ending with ^(N — d), consisting of r, numbers formed by the same 
rule as was originally used. If we put ?• = gr, — A, where 0 JA < r„ the congruence 
2»’« = ± 1 (mod./) gives, since 2'*= ± 1 (mod./), also 2^= ± 1 (mod./) and hence A = 0. 
Thus r divides by r,. Further, 2’'«=±1 (mod./) gives 2*'=(± 1)’’'*'« (mod./), and 
( i lyi^t can be - 1 only if ± 1 is really — 1 and rjr^ is odd ; this does arise. 

Suppose next that p is any number < n which is not a divisor of N and does not 
occur in the original cycle 1, 2, 4, . . ., . Let t be the least number such that one 
of the two numbers (2^ ± 1 is divisible bv N. and put 
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N N N 




and so on, just as before, and the number of terms in the valne for 
when t = +1, and otherwise odd. Then patting 

*2.= {(2'--2^ t- ■ • • +2'^->)N-3^|2“'^-ii 
>f«.+i={-(2^'-2'‘'+ . . . -2'‘2»)N + 2<p}2“'^, 

we find as before that the cycle beginning with the number p, and proceeding as 
before according to the rule,/ = 2i, orJ=N~2i, is given by the series 

N-2'-'‘.y), 2(N-2' />.p) 2».-'‘.->(N - 2'-'^), 

K„ 2K, 2*^. 

K,. 2K„ . . 2'‘.-'‘.-%, 

• • •» 

and consists of t numbers. And it is not difficult to show that ^ = r or is a divisor 
of r. 

For an example of some length it may be verified that when is 412 we have 
nineteen cycles of each 20 numbers, one cycle of 10 numbers, three cycles of each 
5 numbers, one cycle of 4 numbers, one cycle of 2 numbers, and one number 
unaltered throughout a column. Thus there arc 20 permutations in the group 
formed with 412 letters, and we have the partition 

412 = 20 + 20+ . . . (nineteen times) + 10 + 5 + 5 + 6 + 4 + 2 + l. 


3. On the Trisection of the Elliptic Fwictions. 

By Dr. II. F. Baker, F.R,S. 

A quartic equation for which the two conditions are satisfied, (1) that the 
invariant of the second degree vanishes, (2) that the sum of the roots is zero, may 
be supposed to have this form : — 

/(x)=x* - = 0 . 


The rootjOt this equation may be supposed to be 

./r, = A(l-iu)^ .7?, = A(1 -m 6)*. .r, = A(l-iU€7-'. «?,= -3A, 


where € is an imaginary cube root of unity, and ft, A are such that 
/»»(/»» + 8)* ^27y’,- /a . 12g, 

’ y, 8 + 2bM*-M‘' 

Hence these roots arc connected by the two equations 


= 0, \/a74 + e* ^/^r^ — € = 0, 


besides two others linearly deducible from these. * 

If the original quar.ic equation be transformed by putting a?’ = (^a? + y)(raT + «), 
the quadric invariant of the new equation in will also vanish ; if the sum of the 
four values of x' is also zero, it is easily found that x' is an arbitrary multiple of 


/W- 


4/'(A) 


in which X is arbitrary, and /*(X) = 4X»— y^x— y,. Thus the square roots of the four 
expressions obtained from this by replacing in turn a; by a!„ x^ x„ are likewise 
connected by two linear equations. A particular case is obtained by taking X equal 
to one of the roots of /'(X) = 0, say e ; then we obtain the equations 
!.€.€* « . 1 


. - + =0. 
v'a?,— d -/a? 2 ~e ^ 








= 0 . 
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Betaining, however, an arbitrary value for A, and dividing/(A) by A -a?, we infer 
that if 

{< = - /s) + 4 S-a. 

then 

v'f , + 6 -/fe + e* y/(, = 0. + 6* v'l; - € ^/{, = 0, 

for all values of A. With the usual symbolical notation the general value of ( may 
be written { ii 

The application of these remarks to the triscction of the elliptic functions arises 
from the fact that, with the usual notation, the four quantities 

•./M ^/2« + 2«'\ ./4v + 2«'\ 

^3> HaV’ n 3 )' n 3 ) 

satisfy the quartic equation /(a;) = 0. 

Also it is easily found that the four quantities 
1 1 I 

,2/2«'y 


satisfy the equation 


2 






1 

2^4« + 


, 18 , 216 27 ^ 


where A = 27^^— ; to this similar remarks apply, so that, for instance, we have 

= 0, 




where <r= ± 1. 


4. On the Convergence of certain Series used in Electron Theory. 
By Professor A. W. Conway. 


If rCt) denotes the distance of the point a?, y, z from the moving point (which 
for simplicity we may regard as moving in a right line) whose co*ordiflatcs arc 
0, 0, fit), then it is known that the<equation C(^— T) = r(T), where C is the speed of 
radiation, possesses a real root T between 0 and t, provided that the speed of the 
moving point is Jess than C and that Ct > r(0). The series 


C-* 5* 
2 I dt^ 


C‘3 5* 
31 St» 


r-+ &c. 


if convergent, represent the potential of a moving point. Its convergence (and 
that of other series of this type) may be established by using a complex integral, 

i» ir 

I ^ ^ , around a circle in the ?£-plane about the point t as centre, and 

J{C(t-u)--r(M)}r(u) 

of such a radius that 0\it—u)\ > lr(M)| on its boundary. In the case examined the 
conditions for convergence are tne same as those for a real root of C(^ -T)«i9*(T), 
where ^ > T > 0. 


5. Two Notes on Theory of Numbers, 

By Lieut.-Colonel Allan Cunningham, Ii,E. 
Factorisation of N=(2’^^+l). 

N =Ni . N7 . Nu . N77 ; where 

Ni =(2i+l)=3; N7=(274-1)-4 -Ni- 43; Nu=(2”-f 1 )-Ni=683 ; 
N77=(277^1) (2+1)-5-(2H1)(2”+1)=617 . 78233 . 35532364099 ; 

[The last 11 -figure factor is 
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Is (2/*-— 2) divisihU by [p a prime] ? 

It is bolioved that no case is known of 2"— 2=0 (mod. p*^) with p prime. It is 
staled by M. F. Protli * that 2''— 2^0 (mod. p*), with p prime; but no proof is 
given, no proof is quoted, no statement made of existence of any proof. At present 
it can only bo asserted that it is probably true. To test this the writer has tried all 
prime divisors p^HOOO and finds that 2 —2^0 (mod. p^) up to that limit. 


G. The Initial Motions of Electrified Spheres. 
By J. AV. Nkjholson, M.A., D.Sc. 


The problem of the initial motions of electrified spheres has been treated recently 
by G. W. Walker,* and the present paper consists mainly of an examination of some 
interesting cases, with corrections of detail. It discusses the motion of a sphere, 
conducting or dielectric, whose mass is purely of electrical origin, without a New- 
tonian element. For a conducting sphere of radius a and charge <?, with electrical 
mass and small Newtonian mass starting from rest at ^ = 0 in a uniform fiel^ 
F of electric force, the displacement of the centre at time t is 


I 


—cl 

/'F /p 2at 2 a^\_ea^¥r aw ( 
2»t'V ’ 0 3 W 37«V I 


_b/'m \ 
/ 2\vi* ) 


ct 

a 



and the surface density is given by 

4ir(r= ^ +Fr2^^ cos V cos d. 
a- a \7n / 

The corresponding formulaa for a small mechanical force G arc 




G 

2 ///' 



2at^2a'^\ 
0 tr / 


Gore 2<f 


(cos 

I a\ m J 2\m' J 


a \m / J 


4ir<r= ( 1 -a 2" cos 


a Vw ) \ 


cos 9. 


The difficulties connected with the limiting forms of these expressions when m is 
zero are discussed, and it appears impossible to ascribe an initial acceleration to the 
sphere without introducing imperfection in the conductivity, although the electrical 
distribution on the sphere tends to become uniform very rapidly. These results have 
a bearing on a possible conception of the election. 

The theory of the corresponding problem for an insulating sphere is also traced, 
and it is shown that these special difficulties are absent, and that a simple solution 
may be obtained when the dielectric constant is not small. The vibrations initially 
set up in this case have a much smaller rate of di.ssipation, but many possible periods 
instead of the single one belonging to the conductor. 

A discu.ssion of these i)criods and rates of decay is given for special values of the 
ratio lu'jm. When this ratio is zero, or the sphere fixed or uncharged, the question 
has been treated by Lamb,® an additional period with a rapid rate of decay having 
since been indicated by Walker. The additional period is not present when m=:0. 
For a rigid or uncharged sphere, the fundamental mode (ignoringi,he extra mode) is 

found to have a dissipation factor whore = p=: 4-493. * 

When m = 0, a* = \ ^ . 

K* a 

For a value of k = 6 . 10®, and a sphere of molecular size (a® 1*3 . 10“^), as in 
Lamb’s model of a molecule exhibiting selective absorption of light, the values of p 
become respectively 1*6 and 1*9 , 10®, so that, while the vibrations in the former 
case may be fairly permanent, those in the latter, for a sphere of the same size, and 
dielectric coefficient, will decay rapidly, and the dielectric sphere rapidly assumes 
a constant acceleration in a weak uniform field. 


* Comptes Rendus des Seances de VAcad. des Sciences, Paris, t. 83, p. 1288 

* Jloy. Soc. Proc., a 77, p. 260 ; Phil. Trams., A 210, p. 146. 

* Comb. Phil. Trams., Stokes Commem. Volume. 
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7. On the Need of a Non-Euclidean Btbliogra'phy. 

By Duncan M. Y. Sommbrville, M,A,, D.Sc. 

Thirty years ago Halsled published the first bibliography of non-euclideaii 
Geometry and Hyperspace, and one still finds it referred to as a standard work. 
But the amount of literature published on the subject since that time is enormous, 
and the present yearly output would almost equal Halsted’s whole collection. So, 
in spite of the excellence of this bibliography and the existence of others which 
have been more recently compiled, the student of non-euclidean geometry is pretty 
much in the same position as the student of any other branch of mathematics, 
and is confined for his sources to the volumes of the *Jahrbuch,* the * Revue 
Semestrielle,’ and the ‘ International Catalogue.* A notable exception exists in 
the subject of Quaternions. In 1904 Macfai'lane published an extensive biblio- 
graphy of this subject, and the work is being continued by I he International 
Association on a still broader basis. In many ways the two subjects are akin. 
The one is concerned with the foundations of geometry, the examination, modifi- 
cation, and extension of the geometrical ideas, and the investigation of all the 
various geometries which arise therefrom; the other is concerned with exactly 
analogous questions relating to arithmetic and algebras. As instances of the close 
connection which exists between their lines of development, one may mention 
finite geometries and galois fields, non-archimedean geometry and non-archi- 
medean algebra. It is natural therefore to wish for the same fadiities for the 
one department as exist for the other, but non-euclidean geometry is handicapped 
by having no International Association to promote its interests. 

Several years ago the present writer started to collect material for a biblio- 
graphy on the lines of Halstcd’s, but it soon became evident that the growth of the 
subject rendered such diffuse treatment practically impossible. Then in 1902 
Bonola’s catalogue appeared; but, though this is the most extensive bibliography 
that has yet been published, it still leaves something to be desired. It will be 
convenient to describe here the existing bibliographies and the present state of 
the material that has been collected. • We may divide the subject roughly into 
three main branches : Theory of Parallels, Foundations of Geometry and Non- 
Euclidean Geometry, N Dimensions. Quite a number of bibliographies relating 
to the theory cf parallels exist, dating mostly from the earlier portion of the 
nineteenth century, but they ai’o all included in 

1. P. Stackel and F. Engel, ‘Die Thcorio der Pai*allellinien von Euklid bis 
auf Gauss,* Leipzig, 1895. Supplemented by a list in ‘Bibliotheca Mathematica,* 
1899. 

A chronological list of works on the theory of parallels, including the early 
papers on non-euclidean geometry, from 1482 to 1837, with careful references to 
sources. Almost complete. 

In the remaining divisions only three bibliographies need be mentioned. 

2. G. B. Halsted, ‘ Bibliography of Hyperspace and Non-Euclidean Geometry,* 
‘Amer. Jour. Math.,* vols. i. and ii. (1878-79). 

This is a general list, including both non-euclidean geometry and n dimensions 
from about 1830 to 1879. The order is mainly chronological, but all the works by 
the same author are collected together. Short notes are added to the chief works. 

3. V. Bqlilegel, ‘ Sur le Devcloppement et I’Etat Actuel de la Gcometrie 5. n 
Dimensions, ‘Enseign. Math.,* vol. ii. (1900). First published in German in 
‘ Leopoldina,* vol. xxii. (1886). 

This includes only n dimensions up to 1897. The order is alphabetical under 
the authors. Letterpress of twenty pages contains an historical sketch corre- 
sponding to Halsted’s notes. 

4. R. Bonola, * Index Operum ad Geometriam Absolutam Spectantium.* Pub- 
lished in ‘ loannis Bolyai, in Memoriarn,* Klausenburg, 1902. First published in 
‘Boll. Bibliogr.,* Torino, 1899-1902. 

A chronological list, not including n dimensions, from 1839 to 1902. A classifi- 
cation is attempted under a schedule of seven classes, with class-letters which are 
affixed to the titles. It is accompanied by an author-index. There is no subject- 
index, and the classification is not sufficiently detailed to be of much use. 
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The following table gives, for comparison, the number of titles in these 
bibliographies, and, in brackets, the number which the present writer has collected 
within the corresponding limits of time and subject-matter : — 


Stackeland Engel 
Halsted . 
tSchlegel . 

Bonola . 


'I'h. of J*. and 
N.-E. Geoin. 
. 273 (330) 

. 112 (400) 

. 915 (1250) 


N. Dim. 


76 (130) 
439 (860) 


The present writer’s collection, which is made up to 1907 (the last year of the 
‘ Jahrbuch ’), contains about 3,500 titles, composed roughly as follows : Theory of 
parallels, 600; non-euclidean geometry and foundations of geometry, 1,300; 
71 dimensions, 1,600. The arrangement of the material is in three parts, as in 
Kiccardi’s Euclidean Bibliography. 

1. A chronological catalogue, the titles in each year being arranged alphabeti- 
cally under the authors. 

2. An author-index. This contains the full names of the authors with dates 
of birth and death, and the abbreviated titles with their dates. This index could 
be greatly condensed by giving only the dates of Ihe papers, but a comparison of 
the ‘ Namenregister ’ of the ‘Jahrbuch* with the ‘Liste des Auteurs* of the 
‘ Revue 8eniestriclle * show.s the great advantage of the former system. 

3. A subject-index. The classification used is that of the ‘Index du Reper- 
toire Bibliographique,* the new edition of which in 1908#was specially extended to 
treat adequately of hypcrspacc. The references here are by the author’s name, 
the date and the number as ‘ Mansion 1896*.* The class letters of this system 
are affixed to the titles in the chronological catalogue. It has been found 
advisable to classify somewhat more minutely than according to the headings of 
the ‘ Index ’ — for example, Qlb (hyperbolic geometry) is sub-divided according to 
the divisions of (elementary geometry), (conics), &c. 

The foregoing considerations will show the scope, if not the demand, that 
exists for such a bibliography. The arguments for a new bibliography may be 
shortly summed up : — 

1. The increasing importance and wide application of this branch of mathe- 
matics. 

2. The convenience of having all the literature collected in one place, thus 
avoiding a prolonged search through a long scries of volumes, and giving the 
literature of all time, whereas the periodicals, ‘Jahrbuch,’ &c., have a definite 
beginning. 

3. The necessity for a subject-index (which fione of the existing bibliographies 
possess), this being the most impt)rtaiit and useful, as well as the most difficulty 
portion of the bibliography. 


8. Report on the History and Present State of the Theory of Integral 
Equations, By H. Bateman. — See Reports, p. 345. 


9. The Foci of a Circle in Space and so^nc Geometrical Theorems 
connected thereunth. By If. Bateman. 

In a space of three dimensions the centres of the two spheres of zero radius 
(or isotropic cones) which pass through a circle have been called by Darboux 
the foci of the circle. Many focal properties of curves and surfaces may be 
studied with the aid of the foci of systems of circles — for instance, the foci of the 
circular sections of a conicoid lie on the focal conics, and conversely the circles 
wlmke foci are the extremities of a system of parallel chords of a conic generate 
a conicoid, and by varying the direction of the chords a confocal system of 
conicoids is obtained. 

In a space of four dimensions the foci of a sphere may be defined to be 
the centres of the two hypersphores of zero radius which pass through the 
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sphere. If two spheres lying in the same space of three dimensions touch, then 
the line joining a focus of one to one of the foci of the other is an isotropic 
line — t.c., a line of zero length. 

By considering the spheres which have the same kind of ^contact with two 
others and making use of the fact that the four points of cont*act lie on a circle 
we may deduce the following theorem : If the sides of a skew quadrilateral are 
isotropic lines they lie on a sphere. 

In the same way we may prove that if the sides of skew hexagon in a space 
of five dimensions are isotropic lines, they lie on a spherical manifold of four 
dimensions. There is a similar theorem for a polygon of 2n sides in a space 
of 271 — 1 dimensions. 

10. On the Theory of the Ideals. By Professor J. C. Field. 

In the elements of the theory of the algebraic functions it is shown that the 
bniMches of an algebraic function v defined by an equation F (z, v) —0 as repre- 
sented ^ a number of power-series in z — a in the neighbourhood of a Vcilue 
z = a. These power-series have exponents integral or fractional, and group 
themselves into a number of cycles, the branches of these cydes having certain 
orders of coincidence with a given rational function li{z,t)). In his book on 
the algebraic functions the writer has defined these orders of coincidence as 
adjoint when they are equal to or greater than certfiin numbers 

1 . . . . i/]f —I -|- 

^ V, Vr 

respectively, and has shown how to construct a rational function possessing any 
assigned set of adjoint orders of coincidence corresponding to the value of the 
variable. in question. Hensel, in hie book, * Theoric der algebraischen Zahlen,* 
and also in two earlier Abhandlungen, which appeared in (Jrelle's Journal (Bde. 
127, 128), has shown that an ordinary algebraic equation / (2)=0 is satisfied 
by certain series analogous to the well-known power-series referred to above. 
These series have reference to a prime p, and also group themselves in cycles 
like the more familiar series of the aigbraic functions. On these series Hensel 
builds up a theory of the ideals. For a more precise de.scTiption of the series 
here in question the reader is referred to the writings just cited. 

In the present paper the writer, on starting out from Hensel’s power-series, 
defines adjointness relatively to a prime p in a manner analogous to that in 
which he defines the property in connection with the algebraic functions. 
Employing the letter c to designate a solution of our algebraic equation, it is 
shown that we can construct a rcational function possessing any assigned 
set of adjoint orders of coincidjnee corresponding to a prime p. From this 
it readily follows that wo can construct a rational function possessing any set 
of orders of coincidence with the branches of the cycles corresponding to the 
prime in question. We can then construct a general function /1(e) which 
represents only integral algebraic numbers and which possesses a single coinci- 
dence with the branches of an assigned one of the cycles corresponding to any 
prime) while it is not conditional with regard to any other specific prime or 
any other cycle corresponding to the prime in question. The aggregate of 
numbers represented by this function is a prime ideal. 

•11. Report on Bessel Functions. — See Reports, p. 37. 


MONDAY, SEPTimi/En 5. 

The following Papers wore road : — 

1. Demonstration of Vacuum-tight Seals hdween Iron and Glass. 

By Henry J. S. Sand, Ph.D., D.Sc. 

Some cathode-ray tubes were shown in which a vacuum-tight seal between 
iron and glass has been obtained as follows : An iron wire is sealed into a glasr 
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tube. While the glass is hot a small piece of heated steel tube surrounding the 
wire is pushed a few millimetres into the glass. After cooling the tube is 
soldered to the wire. The vacuum-tight seal is produced between the inner 
surface of the clastic steel tube, which on cooling is put under tension, and the 
glass which comes under compression. Seals with wires of 1 mm. diameter have 
been produced in this way. 

2. The Relation between Density and Refractive Index. 

By Dr. T. H. Havelock. 


3. A Complete Apparatus for the Measurement of Sound. 

By Professor Arthur Gordon Webster. 

This resca’ch involves three parts, all necessary for the measurement of 
sound intensity in absolute measure. First, a constiint source of harmonic 
vibrations, termed the yhont \ second, an instrument capable of measuring 
the intensity of the sound thus generated, and called a phonometer; third, the 
study of the propagation of the sound from the former and the latter, involving 
the determination of the reflecting power of the flat surface of the earth. The 
phone consists of a steel diaphragm rigidly driven by an electrically maintained 
tuning-fork, find made the back of a resonator, of the form of a small hollow 
chamber or of a tube of variable length. The reacting of the sound upon the 
amplitude of the fork enables the constants of the resonator to be accurately 
determined, so that the emission may be measured in watts. The phonometer 
is a glass diaphragm, made the base of a resonator of either type, and bearing 
a light mirror which constitutes one mirror of a Michelson interferometer. The 
displacement is measured stroboscopic*ally by a moving telescope, and the 
amplitude of the pressure change is read off on a scale in dynes/ cm*. On account 
of the magnification due to resonance, the instrument is as sensitive as the ear 
for pitch 256 vibrations per second. The law of propagation is confirmed .and 
the reflection of the earth determined by measuring at different distances from 
the phone the sound given by interference with its image in 'the ground. All 
})oints in the theory involved have been experimentally verified, and it seems 
possible to have an over-all accuracy of within 10 {)€r cent. 


4. On the Relation of Spectra to the Periodic Series of the Elements. 

By Professor W. M. Hick*, D.Sc., F.R.S. 

The author described some results recently obtained by him in a critical 
study of the spectral series of the second and third groups of the periodic table 
of elements, more especially their dependence on the atomic volume of the clement. 
Formulas constants obtained from the wave numbers of three lines of the Sharp 
series are definite funi;tions of atomic weight and atomic volume. The exact 
form of the function of .atomic weight hid not been yet determined, but when 
it is known the measurement of the wave-lengths of a spectrum should give one 
of the most accurate methods of determining the atomic weight of an element. 
The function of the atomic volume was so far determined as to give deductions 
of atomic volume, or of density, very close to observational values in the case of 
the first three groups of the periodic scries. Applying the method to the spec- 
trum of Europium as given by Exner and Haschek, a density of 13.1 was predicted 
for that element. 


5. The Series Spectrum of the Mercury Arc. By S. E. Milner, D.Sc. 

With the arc in air there is always a continuous background to the spectrum 
present. This sets a limit to the faintness of the lines which can be observed, 
since attempts to photograph faint lines by increasing the time of exposure will 
simply result in the fogging of the plate by the background. The spectrum of 
the arc in vacuo is characterised by an almost entire absence of a continuous 
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background, and exposures over one hundred times the normal can bo given 
before the background makes itself evident. Photographs of the mercury arc in 
vacuo with very long exposures showed many new linos, among which tho lijies 
forming the continuation of the various series of mercury were strikingly 
developed. The wave-lengths of the lines of tho principal and of tlie diffuse 
series have been measured up to the fifteenth, and those of the shai*p series up 
to the thirteenth. The results afford a strict verification of Rydl)crg’s law — that 
the frequency of the first line of tho sharp series is equal to the difference of the 
limits of the sharp and the principal series. 


6. On A'pparaiuB jor the production of Circularly Polarised Light and '• 
a New Form of White Light Half -shade. By A. F. Oxley. 

If we send a beam of plane polarised light through a Kresnors rhomb — 
the azimuth of the incident vibration being 45° with respect to a principal 
section of the rhomb— the emergent beam of circularly polarised light is displaced 
laterally from the incident beam. This necessitates readjustment of the suc- 
cessive pieces of apparatus if we are to keep the beam of 
light in the field of view as the rhomb is rotated. If we 
use a quarter- wave plate to produce the circularly polarised 
light no lateral displacement is experienced, but we are 
limited to the uso of monochromatic light in this case. 

The idea of the present investigation was to devise a piece 
of apparatus which would produce a beam of circularly 
polarised white light without involving the inconvenience 
of the lateral displacement previously referred to. 

Two pieces of apparatus have been devised with this 
object in view. In the first, two rhombs of glass .are 
arranged as shown in fig. 1, the rhombs being in close 
contact. A beam of plane polarised light enters at the 
top and is reflected in turn from the surfaces A, B, C and 
D, so that the direction of the eiiergcnt beam is a con- 
tinuation of that of the incident beam. If the refractive 
index of the glass be 1*5035 for i) (Uviol glass) and tlie 
angle of the rhomb he 74° 38'*2, the phase difference be- 
tween the component vibrations polarised parallel and 
perpendicular to the pl.ane of incidence is equivalent to 
and the emergent light is consequently circularly 
polarised. If the angle of the rhomb be 42° 34'*8, we still 
et the same effect; but since the variation of the phase 
iffcrencc between the components with respect to the wave-length is 
much smaller for the Larger angle, the latter is adopted. In fact, if wo 
choose the larger angle, the ellipticity of the transmitted light for any wave- 
length is over half the ellipticity for the corresponding wave-length when a 
Fresnel’s rhomb is used, although there are four reflections in the former case 
and only two in the latter. Hence the present form is more efficient than a 
Fresnel’s rhomb ; but it has the disadvantage of being inconveniently long, the 
length being 15 cm. for an aperture of 1*1 cm. 

This difficulty has, however, been overcome to a large extent in the second 




fprm of polariser, in which three reflections arc used. Fig. 2 shows the path 
of a beam of light through the apparatus. The two blocks of glass are pressed 
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together and the beam of light passes obliquely across the joint. The angle 
of the glass is obtained from a rather complicated equation by trial and error, 
and found to be 73^ 48'*6 (Uviol glass). The efficiency of this form is a little 
greater than that of a Fresnel’s rhomb, and, moreover, its length is 7*5 cm. 

Since the component polarised in the plane of incidence is more copiously 
reflected on crossing the joint than the perpendicular component is, it is neces- 
sary to adjust the azimuth of the incident vibration to compensate for this. 
The correct azimuth with respect to the line AB is A where 


tan A 


1 

C05*(^ — 


where ^ is the angle of incidence of the beam on the glass-air surface and ^ the 
corresponding angle of refraction. For = 1*5035, A =49° 2'. 

In the British Association Reports for 1851 Professor Stokes described a new 
elliptic analyser consisting of a plate of selenite which 
retarded waves of mean rofrangibility by about a 
quarter of a wave-length. Some experience is 
required in its use, since we are to work by intensity, 
and the tint produced perplexes the experimenter. 
Still, Professor Stokes claimed very good results to be 
obtainable by his apparatus. As it is difficult to make^ 
accurate settings of a quarter-wave plate and analysing 
Nicol, I thought it probable that the second form of 
polariser, mounted ‘ eo as to be capable of accurate 
setting, may prove useful in the analysis of elliptic 
vibrations. 

On a New Form of White Light Half-shade, 

The arrangement of the rhombs in the first form, 
described above, may be used to form a white light 
half-plate. Taking MD’ = 1*5173, and the angle of 
each rhomb 55° 15'*5, the total phase difference between 
the components on emergence is ir. Half the field 
of view is occupied by the aperture &L one of these 
rhomb.s and the other half by the end of one of the 
glass blocks, C, D. These blocks partly compensate for absorption, but their 
chief use is to compensate for the loss of light at the four reflections at normal 
incidence. This half-shade — using white light — has been compared with the 
Laurent halt -shade —using inonochiiomatic light- and was foimd quite as 
efficient aS the Laurent. Since the cost of large blocks of calcite is becoming 
more and more prohibitive to their use, the pfeient form of white light half- 
shade, which can readily be made by mounting the rhombs as indicated, may 
prove useful. The length for an aperture of 1*6 cm. is about 3 cm. 



Joint Discussion with Section G on the Principles of Mechanical Flight. 
Opened by Professor G. H. Bryan, F.R.S. 


TUESDAY, SEPTEMBER 6. 

Discussion on Atmospheric Electricity, Opened by Dr. Charles 
Chree, F,R,S, 

AtmosphoHc electricity includes a great variety of phenomena. Omitting 
Aurora as a subject so large as to require a separate discussion, wo may mention 
the potential gradient in the atmosphere, the influence of potential gradient 
and electrical charges on the growth of vegetation, the phenomena of thunder- 
storms, the loss of charge experienced by insulated bodies, the numl^r and 

‘ The edge of the glass which replaces an axis of the quartor-wavo plate should 
be specially worked. 
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nature of the positive and negative ions in the air, the vertical oarth-air current, 
and the phenomena of radioactivity. The potential gradient and its diurnal 
and annual variation have been the subject of study for a good many years, 
and we know that the phenomena vary largely with the season of the year at any 
given station, and that there are notable differences between different stations 
at ground-level. As yet but little is known of the diurnal and annujil changes 
at different heights in the free atmosphere. Observations made near the top 
of the Eiffel Tower suggest that the phenomena alter rapidly as the height 
above the ground increases. Thus observations from balloons and kites, if these 
could bo maintained at a fixed level, would be of great importance. The influence 
of electricity on the growth of plants, first seriously studied by Professor 
Lemstrom, seems not unlikely to prove in the future of economic importance. 
The phenomena of thunderstorms have received considerable study from 
meteorologists, but many lines of investigation present themselves. I’he loss 
of charge of insulated bodies and the ionic charges in the atmosphere have been 
most studied in Austria and Germany, Elsier and Geitel in particular having 
done much pioneer work. In this country Mr. C. T, R. Wilson has investigated 
the electric charge brought down by rain and has invented an instrument for 
measuring the earth-air current. While a gieat number of theories have been 
advanced to account for the several phenomena, there are few, if any, of them 
«y^hich command anything like universal acceptance. 


Department op Mathematics and Physics. 

The following Papers and Report were read : — 

1. Ah Auto-collimating and Focussing Prism, and a Sim'ple Form of 
Spectrograph, By Professor C. Fery, D,Sc, ^ 

The value of the spectroscope, and especially of the quartz spectrograph, 
which includes the ultra-violet rays, as a means of scientific research, has led 
the author to attempt the simplification of the apparatus to render it suitable 
for industrial investigations concerning metals, alloys, &c. The employment 
of the principle of auto-collimation, with a 30° prism, simultaneously shortens 
the apparatus, simplifies the lens system, and avoids trouble due to the rotatory 
properties of the quartz, since the prism is traversed twice in opposite directions. 
But the difficulty still remains with the ordinary lens system, that the non- 
achromatism of the lens leads to a somewhat impure spectrum, and Jo a very 
great inclination (about 64°) of the plate. Hence a means was sought of 
eliminating this lens. The general condition for producing a pure spectrum 
is that all the incident or refracted rays should make the same angle with the 
refracting surface. By giving suitable spherical curvatures to the front and 
back surfaces of the prism this condition is very closely realised, and a sharp 
spectrum is obtained on a cylindrical surface, exactly as with a curved reflecting 
grating, and with a much smaller inclination of the plate. 

The spectrograph therefore consists simply of a heavy base, upon \/hich 
is fixed the new prism, a carefully made slit, and a slide for holding the plates 
and bending them to the required cylindrical form, and also permitting of a 
vertical displacement of the plate, so as to get several successive spectra in' 
exact juxtaposition for easy comparison. The adjustments can be made and 
clamped, and a light-tight cover slipped into grooves, leaving only the slit and 
the back of the slide exposed. A quartz cylindricfil lens is fixed on a sliding 
rod, so that its optic axis is always coincident with that of the slit and prism, 
and serves to concentrate the light from the arc or other source on the slit. 
The exposure for an arc spectrum under normal conditions is about thirty 
seconds. 

The author described the theory of the prism and the details of the 
apparatus, and also gave examples of the photographs obtained.' 


^ See Engineering, October 7, 1910, 
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2. The Magnetic Field 'produced by the Motion of a Charged Condenser 
through Space. By W. F. G. Swann, B.Sc. 

After referring to the impossibility of detecting the magnetic field by means 
of a compass needle, the possibility of detecting it by means of a rotating coil 
was discussed. It was first shown that in the case of a closed circuit at constant 
potential moving through space in company with a system of charged bodies, 
the total magnetic flux through the circuit is zero. If, however, the space within 
the coil is partially filled with a dielectric, then, provided that the S.I.C. may 
be looked upon as a quantity absolutely continuous throughout the dielectric, 
a magnetic flux through the coil should exist; it was shown further, however, 
that if dielectric action is to be explained entirely by the presence of electric 
charges, or doublets, no resultant magnetic flux is to be anticipated, even in this 
case. 

Two condensers were formed from three parallel plates, the middle plate 
being common to both condensers. Two coils fastened to the same axle, and 
wound in opposite directions so as to eliminate fluctuation of the earth’s field, 
were rotated, one between the plates of each condenser. The apparatus gave a 
null effect, which is taken to support the doublet theory of dielectric action. 


3. On the Secondary Radiation from Carbon at Low Temperaiwres. 

By V. E. Pound. 

In this paper a series of experiments were described, in which measurements 
were made on the secondary rays from carbon in air when bombarded in a high 
vacuum by the Alpha rays from polonium. 

Observations were made (1) at room temperature and (2) at the tempera-tnre 
of liquid air. , The secondary radiation excited at the lower temperature was 
found to bo about 50 per cent, greater than that obtained at the higher tempera- 
ture, and this marked difference was ascribed to the presence of the largo 
quantity of air which is known to be occluded in the carbon, ^’he same pheno- 
menon was observed when hydrogen was occluded in the carbon instead of air. 


4. photoelectric Fatigue, By H. Stanley Allen, M.A,, B,Sc, 

^Ihe observation of Hertz in 1887 that the Electric spark passes more readily 
when the spark gap is illuminated by ultra-violet light led to the discovery by 
HallwiR-hs of the photoelectric current. A negatively charged body often loses 
its charge rapidly when exposed to light, especially to ultra-violet light. The 
discharge is due to the emission of negative electrons from the illuminated 
surfiico. The photoelectric activity of a freshly polished metal surface diminishes 
with the time, falling off rapidly at first, more slowly later on. This is known 
as the * fatigue ’ of the Hallwachs effect. In the early literature of the subject 
the fatigue was attributed to the direct action of the light, but Hallwachs showed 
in 1904 that fatigue proceeds in complete darkness, so that light cannot be the 
primary cause of the change. This result has been questioned, but is now con- 
firmed by the experiments of Bergwitz. Dember, Ullmann, and Allen. Light can, 
however, set up secondary actions tending to accelerate or retard fatigue. 

Hallwachs has shown that at ordinary pressures fatigue is more rapid in a 
large vessel than in a sniall one. This also was called in question by Aigner, but 
is confirmed by Ullmann and by Allen. 

The fatigue is practically independent of the electrical condition of the plate. 
This was shown by v. Schweidler and has received confirmation in the researches 
of Hallw^hs, Sadzewicz, and Allen. 

Experiments in a vacuum have led to contradictory results. Lenard and 
Ladenburg found marked fatigue in certain cases, while for the alkali metals, 
first investigated by Elster and Geitel, several observers conclude that there is 
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no true fatigue. Recent exporimente by Millikan and Winchester show no 
fatigue with clean unpolished metal surfaces in a very high vacuum. To explain 
the fatigue found by other investigators we must take into account the mode of 
preparation of the surface (Ladenburg’s plates were polished with emery and 
oil), the difficulty of removing air films from the surface, and the possibility of 
changes in the gas pressure. 

Various theorie^s have been advanced as to the nature of the change accom- 
panying photoelectric fatigue : — * 

(1) A chemical change, such as oxidation of the surface. 

(2) A physical change of the metal itself, as, for example, a roughening 
of the surface. 

(3) An electrical change in the formation of an electrical double layer 
(Lenard). 

(4) A disintegration of the metal, due to the expulsion of electrons by light 
(Ramsay and Spencer). 

(5) A change in the surface film of gas or in the gas occluded in the metal 
(Hallwachs). 

Hallwachs has shown from the photoelectric behaviour of copper and its 
oxides that oxidation cannot be the cause of fatigue, and the fact that fatigue 
is less in a small vessel may be interpreted by attributing it to some substance 
{.e.ff., ozone, water vapour) present in small quantities in the surrounding 
atmosphere. The results recorded lead to the view that the main c.ause of 
fatigue is to bo found in the condition of the gaseous layer at the surface of 
the plate. 

BiBLioGRArnY OP PiioTOELECTiirc Fatigub. 

[Ordered by the General Committee to bo printed in extenso.] 

1887. 

H. Hertz (‘ Wied. Ann.’ 31, p. 983), ‘ Einfluss des ultraviolettcn Lichtes auf die 
Punkenentladung.’ 

1888. 

W. Hallwachs (* Wied. Ann.’ 33, p. 308), ‘ Einfluss dcs Lichtes auf elektrostatisch 
geladene Korper.’ 

M. Hoor (‘ Akad. Wiss. Wien. Bor.’ 97, p. 719), ‘ Einfluss des Lichtes auf negativ 
geladene Konduktoren.’ 

W. Hallwachs (Phil. Mag. (5) 26, p, 78), * On the electrification of metal plates by 
irradiation with electrical light.’ 

1889. 

M, Hoor (‘ Exncr Rep.’ 25, p. 91), ‘ Einfluss dcs Lichtes auf negativ geladene 
Konduktoren.’ 

A. Stolctow (‘ C. R.’ 108, p. 1241), ‘ Sur les phenom^ucs actino-^Iectriques.’ 

P. Lenard and M. Wolf (‘ Wied. Ann.’ 37, p. 443), ‘ Zerstaiiben dor Korper dnrch 
das ultraviolottu LicKt.’ 

W. Hallwachs (‘ Wied. Ann.’ 37, p. C67), ‘ Ueber den Zusammenhang dcs Electrici- 
tiitsverlustcs durch Belcuchtung mit der Lichtabsorption.’ 

J. Elster and H. Geitcl (‘ Wied. Ann.’ 38, p. 503), ‘ Ueber die Entladung negativ 
clectrischer Korper durch das Sonnen- und Tagcslicht.’ 

1891. 

J. Elster and H. Gcitel (‘ Wied. Ann.’ 44 , p. 722), ‘ Ueber die durch Sunnenlicht 
bewirkte electrische Zerstreuung von mineralischen Oberflachcn.’ 

1893. 

E. Branly (‘ Journ. de Physique,’ (3) 2, p. 300), ‘ D^perdition de I’idectrieit^ k la 
lumidre du jour.* 

1899. 

0. Knoblauch (‘ Zeit. f. Phys. Chem.’ 29, p. 627), ‘ Ueber die Zerstreuung elcktro- 
statischer Ladungen durch Belichtung.’ 

1900. 

H. Buisson (‘ C. R.’ 130, p. 1298) [Abstract in * Photographic Journal,’ June 30], 

‘ |Sur uqe modification des sipf^e^ m^talliques sous I’influence de la lumi^re.’ 
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1901. 

H. Kreuslcr (‘ Ann. d. Phys.’ 6, p. 404), ‘ Uebor den photoelcktrischen Effect in 
der Ntihe des Funkenpotentiales.* 

H. Buisson (‘ Journ. de Physique,* 10, pp. 697-607) ; ‘ Eel. Electr.* 29, pp. 7-16 ; 
‘ AnnaL Chim. Phys.’ 24, pp. 320-398), ‘ Influence de la lunni6re sur les propri6t6s 
41cctriqucs super Hcicllcs.’ 

1902. 

P. Lenard (‘ Ann. d. Phys.’ 8, p. 196), ‘ Uober^ie llchtolektrische Wirkung.’ 

Wulf (‘ Ann. d. Phys.’ 9, p. 946), ‘ Bcitrugo zur Kenntnis der lichtelektrischen 
Wirkung.’ 

K V. Schweidler (‘ Phys. Zeit.’ 4, p. 136), ‘ Untorsuchungen uber den photo- 
eloktrisclicn Strom in KaliumzcUcn.’ 

1903. 

P. Ijcnard (‘ Ann. d. Phys.’ 12, p. 449), * Ueber die Beobachtung langsamcr Katho* 
dcnstrahlcn niit Hilfc dor Phosphoreszenz und iiber Sekundarentstohung von 
Kathodcnstrahicn.’ (§ 89.) 

E. Ladenburg (‘ Ann. d. Phys.’ 12, p. 558), ‘ Untorsuchungen fiber die cntladende 
Wirkung des ultraviolctten Lichtes auf negativ gcladcno Mclallplatten im Vakuum.’ 

E. V. Schweidler (‘ Akad. Wiss. Wien. Ber.’ 112, Ila., p. 974), ‘ Ueber Variationen 
der lichtelektrischen Empfindlichkcit* 

W. M. Varley (‘ Proc. Roy. Soc.’ 72, p. 11 ; ‘ Phil. Trans.’ A. 202, p. 439, 1904), 

* On the Photoelectric Discharge from Metallic Surfaces in Di/Torent Gases.’ 

1904. 

W. Hallwachs (‘ Phys. Zeit.’ 6, p. 489), ‘ Lichteicktrische Ermiidung und Photo- 
metrie.* 

O. Nothdurft (‘ Dissertation J^Vciburg i. B.*), * Lo Bons schwarzes Licht und 
Hallwachs- Effckt.’ 

E. V. Schweidler (‘ Jahrbuch der Radioakbidtiit, Ac.,’ 1, p. 358), ‘ Die licht- 
elektrische Erscheinungen ’ (with Bibliography, 1887 -1904), 

1905. 

H. Dufour (‘ Phys. Zeit.’ 6, p. 872), * Bcmcrkiingca fiber ehiigCi aktinoclektrischo 
Erscheinungen. ’ 

J. J. ’Phomson (‘ Phil. Mag.,’ (6) 10, p. 584), * On the Emission of Negative Cor- 
puscles by the Alkali Metals.’ 

1906. 

R. Lindemann (‘ Ann. d. Phys.’ (4) 19, p. 807), ‘ Lichteicktrische Photometrie und 
Natur der lichtelcktrisch wirksamcn Strahlung im Kohlebogen.’ 

A. Pochettino (‘ Rend. R. Ace. dei Lincei,’ fu) 15, J. p. 355 ; II. p. 171), ‘ Sul 
comportamento foto-elettrico dell’ Antracene.’ 

F. Aigner (‘ Akad. Wiss. Wien. Ber.’ 115, (Il.a), p. 1485), ‘ Einfluss des Lichtes 
auf elcktrostatisch geladcne Konduktoren.’ 

W. F. Holman (‘ Am. Ass. for the Adv. of Science, Ithaca ’) (also * Phys. Rev.’ 25, 
p. 81, 1907), ‘ Fatigue and Recovery of the Photoelectric Current.’ 

W. Ramsay and J. F. Spencer (‘ Phil. Mag.’ (6), 12, p. 397), ‘ Chemical and 
Electrical Changes induced by Ultra-violet Light.’ 

W. Hallwachs (‘ Ber. d. Siichs. Ges. d. Wiss.’ 58, p. 341) (also ‘ Ann. d. Phys.’ (4)) 
23, p. 469, 1907 ; ‘ Verb. d. D. phys. Ges.’ 8, p. 449 ; ‘ Phys. Zeit.’ 7, p!: 766), ‘ Ueber 
die lichtclektrische Ermudung.’ 

1907. 

R. A. Millikan and G. Winchester (' Phys. Rev.’ 24, p. 116 ; ‘ Phil. Mag.’ (6) 14, 
p. 188) ; also G. Winchester (‘ Phys. Rev.’ 25, p. 163), ‘ The Influence of Temperature 
upon Photoelectric Effects in a very high Vacuum, and the Order of Photoelectric 
Sensitiveness of the Metals.’ 

L. T. More (‘ Phil. Mag.’ (6) 13, p. 708), ‘ The Fatigue of Metals subjected to 
Rontgen Radiation.’ 

H. S. Allen (‘ Proc. Roy. Soc.’ A, 78, p. 483), * The Photoelectric Fatigue of 
Zinc.* 

K. Bergwitz (* Phys. Zeit.’ 8, p. 373), ' Lichtelektrischo Ermudung an Alkali- 
metallen.’ 
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J. G. D«.vidson (‘ Phys. Zeit.* 8 , p- 668), ‘ Wirkungen des idtraviolettcn Lichtes.* 

Me. Marie Sadzewicz (‘ Acad. Sci. Cracovie Bull.’ 5, p. 497), ‘ On the so-called 
Photoelectric Fatigue of Metal Plates.’ 

J. A. Crowther (‘ Camb. Phil. Soc. Proc.’ 14, p. 340), * On the Fatigue of Metals 
subjected to Radium Rays.’ 

1908. 

H. Dember (‘ Phys. Zoit.’ 9, p. 'l88), ‘ Empfiudlichkcitsanderung lichtelektrischor 
Zollen.’ 

V. L. Chrisler (‘ Phys. Rev.’ 27, p. 267), ‘ Effect of Absorbed Hydrogen and of 
other Gases on the Photoelectric Activity of Metals.’ 


1909. 

H. S. Allen (‘Proc. Roy. Soc.’ A, 82, p. 161), ‘The Photoelectric Fatigue of 
Zinc. 11.’ 

E. Miillcr (‘ Dcutsch. Phys. Gescll. Verh.’ 1, p. 72), * Lichtclektrische Unter- 
suchungen, an Alkalimetallcn.’ 

J. A. Flcniing (‘ Proc. Phy.s. Soc., London,’ 21, p. 469;* ‘ Pliil. Mag.’ 17, p. 286), 

‘ Photoelectric Properties of PoLissiuin Sodium Alloy.’ 

E. Bloch (‘ C. R.’ 149, p. 1110), * Sur I’cffct photoelectriquc do Hertz.’ 

E. Cohnstaedt (‘ Phys. Zeit.* 10, p. 643), ‘ 'Hie Water-skin and Surface Processes 
connected therewith.’ 

R. A. Millikan and G. Winchester (American Physical Society, Washington, 
April 26, 27 ; Abstract in ‘ Phys. Rev.’ 29, p. 85), ‘ The Absence of Photoelectric 
Fatigue in a very High Vacuum.* 

W. Hallwachs (‘ Abh. d. naturwisscnsch. Gcscllsch. Isis in Dresden,’ 1, p. 65). 

R. Ladenburg (‘ Jahrbuch der Radioaktivitiit,’ 6, p. 425), ‘ Die neueren Forsch- 
ungen fiber dicdurch J.<icht-und Rontgenstralilen hervorgerufeno Emission negatives 
Elcktronen ’ (with Bibliography). 

1910. 

E. Ullmanu (‘ Ann. d. Phys.’ (4) 32, p. 1), ‘ Ueber die lichti*lektrischo Ermiidung 
des Zinks.’ ^ 

E. Bloch (‘ Lo Radium,’ 7, p. 125), ‘ Rechcrches sur Tcffct photo-clcctrique do 
Hertz.* 

11. S. Allen (‘ Ann. d. Phys.’ (4) 32, p. 1111), ‘ Ueber die lichtclektrische Ermiidung 
des Zinks.’ 


5. On the Recoil pf Radium B from Radium A, 

By Dr. W. Makower, Dr. S. Russ, and E. J. Evans. 

The first experiments by Russ and Makower were made to determine whether 
RaB is electrically charged when it recoils in vacuo from RaA, and, if so, 
the sign and magnitude of the deflection. A number of experiments, in which 
the RaB was passed through a strong electric field maintained between two 
brass electrodes made it clear that RaJl is positively charged in these circimi- 
stances. Further experiments were therefore made, in which RaB recoiling t 
in vacuo from a wire coated with RaA was caused to pass between two 
brass plates", 1*17 mm. apart, kept at a difference of potential which varied 
in different experiments from about 1,000 volts to 2,000 volts. The RaB sub- 
sequently fell upon a brass strip. After an exposure of ten minutes to the 
radiation tho brass strip was removed, and the distribution of activity over 
the strip was tested by mounting it on a movable platform and bringing 
successive portions of the strip under a rectangular window made of aluminium 
leaf cut in a sheet of lead forming the base of a 9 a -ray electroscope. The 
window was 3 mm. long and 1 mm. wide. The magnitude of the deflection thus 
found was of the order of magnitude to be expected if RaB carries the atomic 
charge of electricity and if its atomic weight is 214, as is to be expected on the 
transformation theory of radio-active processes. 

Experiments were also made by Makower and Evans on the magnetic deflec- 
tion of RaB .when it recoils. The radiant matter was made to pass in vacuo 
through the field of a powerful electro-magnet, and then to fall upon a brass 

1910. N N 
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strip as in the experiments on the electric deflection. The distribution of activity 
over the strip was measured and the magnitude of the deflection produced by 
the magnetic field thus determined. 

By measuring the radius of curvature of the radiation in a magnetic field of 
known strength the value 

= 7-26x10« 
e 

was obtained. 

In later experiments tho RaB recoiling from a platinum wire coated with 
RaA was allowed to pass, in a magnetic field, through a slit and then fall upon 
a brass strip for three minutes. The magnetic field was then reversed and tho 
radiation allowed to continue for seven minutes, until the RaA on the wire had 
decayed to an inappreciable quantity. The brass strip was then removed and 
platted on a photographic plate and left for several hours. The RaC formed 
in situ from tho RaB on the strip produced an impression on the photographic 
plate when developed. It was found that there were two well-marked maxima 
of intensity, representing tho distribution of RaB reaching the strip with the 
direct and reversed magnetic fields. By measuring the distance between these 
maxima, and from the known dimensions of tho apparatus, the radius of curva- 
ture of the rays in a magnetic field of known strength was determined, giving 
the value 


This valuo is in fair agreement with that obtained by the first method and is 
probably somewhat more accurate. 

The valuo of — for the a particle from RaA has been found by Rutherford 
e 

to be 3‘4xl0*. Now, since the momentum of the a particle and that of the 
recoiling atom must be tho same, it follows from these numbers that RaB 
carries tho atomic charge of electricity, since the a particle carries twice that 
charge. 

Taken in conjunction with the results of the experiments on the electrostatic 
deflection, the velocity of the radium B particles is found to be 3’23XlO^ cm. 
per second and its atomic weight 194. 

6. On the Resohttion of the Spectral Lines of Mercury. 

By Professor J. C. McLennan and N. Macallum. 

In thfs communication a series of slides ^ere exhibited which illustrated 
tho resolving power of a high-grade echelon spectroscope recently made by the 
Adam Hilgcr Co. for tho Physical Laboratory at Toronto. With this instrument 
the green line of mercury 5461 AU was shown to consi.«t of a central doublet 
accompanied by throe satellites of greater and by three of smaller wave-length, 
and the blue line 4389 AU to consist of a central strong line accompanied by 
three satellites of greater wave-length and by two of shorter wave-length. The 
results are in good agreement with the .omponents of the same lines recently 
obtained by Giilc and others with a 7-in. Michelson plane grating. 

Slides were also shown which illustrated the magnetic resolution of the 
Satellite of shortest wave-length of the line 5461 AU. Under magnetic fields of 
2,000 Gauss this line was resolved into a quartet, the inner doublet of which 
corresponded to vibrations parallel to the magnetic field and the outer to vibra- 
tions perpendi(;ular to the magnetic field. Measurements made on the displace- 
ments of the lines constituting tho quartet showed that tho magnetic separation 
of the two doublets corresponded approximately to three fourths and three halves 
that of the outer components of a normal triplet. 


7. On the Active Deposit from Actinium. By W. T. Kennedy. 

This paper was presented by Professor McLennan, and contained an account 
of experiments made on the active deposit obtained when tho emanation from 
actinium was allowed to diffuse freely between two parallel plates placed about 
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two millimetros apart, directly over the actinium salt. These two plates were 
maintained at a difference of potential of about 250 volts. 

Measurements wore made on the amount of the active deposit obtained at 
different pressures on a narrow strip of the negatively charged plate, at a distance 
X from the salt. The deposit was found (with different values selected for x) 
to reach a maximum at a certain critical pressure which varied ac^cording to the 
law p.a;=a constant. From the fact that the maximum deposit followed this 
law, it was concluded that the amount of active deposit corresponding to a given 
constant amount of emanation under equilibrium conditions which possessed 
a iwsitive charge varied with the pressure of the gas in the emanation chamber. 

The expression! — deduced for the amount of active deposit 

possessing a positive charge under these conditions. It was also pointed out 
that these oxiierimcnts seemed to show that the dof)osit particles acquired their 
positive charges from the surrounding ionised gas by a process of diffusion 
rather than as a direct result of the expulsion of alpha particles accompanied 
by electrons in the process of disintegration. 


8 . Report of the Cofnmittee on Electrical Standards, — See Keports, p. 38. 


Department of Cosmical Physics and Astronomy. 

The following Papers wore read : — 

1. On Barometric Waves of Short Period, By Dr. Wilhelm Schmidt. 

To carry out an investigation of barometric waves of short period it is 
essential to eliminate the changes of longer duration as far as possible. In the 
variograph a recording instrument with this air was shown. It registers, 
instead of the hhrometric pressure at every moment, the rate of its variation — 
i.e.y its first differential coefficient in regard to the time. A uniform rise in 
barometric pressure of of a mm. mercury per second, for instance, is in this 
instrument recorded by a constant deflection of the recording pen of I to 3 cm. 
from the zero-line.* 

A good place for researches of this sort was found at Innsbrucl^, in the 
Tyrol. Here, especially in winter time, exist all the conditions necessjiry for 
the formation of a cold-air lake* at the bottom of the valley, whereas above 
it there is often a warm, dry, southerly wind, the * foehn. ’ By its influence waves 
are generated in the separating surface and recorded at the bottom as barometric 
oscillations, the pressure being higher under the crest of a wave, lower under 
its valley. 

Samples of records were shown, obtained at two points, 1,950 metres apart. 
They led to the conclusion that waves of. longer duration are probably standing 
waves, while those of shorter period are propagating ones. In a certain case 
of foehn, where movement and temperature of both layers could be deduced from 
observations,* a comparison with the theory was tried. 

The formul.n, of Helmholtz gives for the duraiion of a single oscillation a 
value between 3 min. 17 sec. and 3 min. 19 sec. if one takes into account the. 
current of the foehn only — a minimum value of 3'6 min. with the observed 
westerly wind at the bottom. Both sorts of waves are independent of one 
another, and, if formed, there will be only a sort of interference on the variograph 
curves. The observed period was 3*5 min., which is in very good agreement 
with the theory. Standing waves would also be possible, due to transversal 
oscillations in the cold-air lake, but with a probable duration of 9 min. about. 

As the conditions hero are very favourable, regular waves of pressure were 
found very of ten. in the mountain- valley. But they occurred also at a place 
with much freer exposure, at Vienna. Here they could not be so dependent 
upon local conditions, but must show the influence of the general conditions 

* The instrument is fully described in Wiener Sitzungsberichfe, June 1909. 

N N 2 
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in the free atmosphere. Three causes of very regular waves were shown, two 
occurring during or instantly after a rapid increase of pressure, the third during 
a more constant, but somewhat irregular, rise. The variogram of a more com- 
plicated lino-squall consisted also of rather regular waves. 

In all those cases in which one had pronounced regular oscillations, some 
hours after their occurrence a line-squall was observed ; and, vice versa, in most 
cases of stronger squalls regular waves of pressure were developed some time 
before. Such oscillations may therefore be due to some disturbance on the front 
of secondary or V-shaped depressions, in whose rear cold air is flowing in. 
This suggestion is confirmed also by cloud observations. 

The study of the minor fluctuations of the atmosphere, and especiallv of 
regular waves, may therefore be not only of purely theoretical interest, but also 
useful in forecasts as an indication of changes in the free atmosphere. 


2. Obsenmtiona on the Upper Atmosphere durimj the Passage of the Eanh 
through the Tail of Halley's ComH. By W. H. Dinks, F .R.S. 

This paper gave th<5 results obtained from thirteen ascents of registering 
balloons from Ditcham Park, Pyrton Hill, and Manchester. The records do not 
show any result that can reasonably be put down to the action of the comet, but 
they nearly all agree in showing that at that particular time rapid variations of 
temperature were in progress in the upper air. It was pointed out that an im- 
usual number of oscillations were recorded on the microbarograph during that 
week, and the possibility of the two phenomena being connected was discussed, 
and the difficulty of finding any reasonable explanation of the largo changes of 
temperatuix) that are known to occur in the upper atmosphere was pointed out. 


3. Radiation Pressure in Cosmical Problems. 

By J. W. Nicholson, M.A., D.Sc. 

The paper dealt mainly with a determination of the pressure produced 
by a train of plane electromagnetic waves incident on a totally reflecting sphere. 
This problem has been woidted out previously Jjy Schwarzschild,^ but more 
extended calculations do not support his numerical results in detail. Yet the 
general character of the results is preserved. When the incident light is mono- 
chromatie, the following table may be constructed, where p is the pressure, a 
the radius of the sphere, and X the wave-length : — 


2ira 

0-5 

0*6 

0-7 

0*8 

0-9 

1*0 

A 

2a 

6-28 

6*24 

4*49 

3*93 

3-49 

3*14 

J* 

rca^E 

0*29055 

0-58133 

1*0245 

1*5561 

2*0648 

2*41945 

2na 

'm 

1*2 

1*5 

i 

2*0 

2*5 

3*0 

A 

2a 

2*86 

2-62 

! 2-00 

1 

1*57 

1*26 

1*06 

rta^E 

2*8564 

2-5254 

{ 1-9978 

1*5893 

1*4415 

1*320 


* Sitz, der Math. Phys. zu Miinchen, 1901-02, p. 293. 
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The incident energy per unit volume is and the limiting pressure on a large 
sphere is tra^E, ISchwarzschild gave 2'5 as the maximum ratio of pressure 
to va^Ep but the true value is between 2'9 and 3. For a tail of a comet com< 
posed of particles of the proper density, this increases the maximum possible 
ratio of pressure to gravitational attraction of the sun from 18'6 to 22 for 
monochromatic rediation. 

When the ratio of diameter to wave-length increases beyond the critical 
value corresponding to this maximum, the fall of the ratio pj-Ka^E towards unity 
is less rapid than ISchwarzchild’s figures would indicate, so that there is a closer 
approximation to the maximum, for a given size of particle, over a greater range 
of the spectrum. 

, When, by the use of Wien’s law, the eiTect of the continuous spectrum on 
any particle is determined, the maximum pressure is larger, for two reasons — 
viz., the increase in the monochromatic maximum and the decrease in its gradient 
— than that hitherto accepted. The increase is very useful to a radiation pressure 
theory of the tails of comets in that it removes the necessity for the majority 
of the particles in these tails to be totally reflecting, and at the same time 
approximately of the critical size. 

When two particles fairly close together are under the influence of solar 
radiation, they will mutually repel in certain cases, and the size for which the 
mutual repulsion will just balance the gravitational action will be^mneh larger 
than in the case dealt with above. A mathematical determination of this critical 
size would be of great service in testing an alternative theory of the tails, 
and appears to be possible. The need for work on these and other lines was 
emphasised in the paper. 

A departure from the spherical shape could greatly increase the maximum 
pressure in some cases, and that of a disc-shaped particle provides a rough 
illustration. 

4. Nate on the Results of the Hourly Balloon Ascents made from the 
Meteorological Department of the Manchester University y March 18 to 
19, 1910. By Miss Margaret White, M.Sc. 

The balloons carried Dines self-recording instruments, and were sent up 
hourly from 7 p.m., March 18, to 10 p.m., March 19. Twenty were recovered. 

A north wind prevailed at the ground during the greater part of the period 
over which the ascents extended, but it became more westerly in the afternoon 
of the 19th. The balloons were found in the Hereford, Worcester, and 
Monmouth districts, one reaching North Devon. o 

While the maximum height r^ched varied from 9 to 20 kms., the direction 
of the places of fall was constant within 18^, and this slight change was pro- 
gressive and in the same direction as the variation in the direction of start. 
It thus appears that the direction of the upper wind was constant throughout 
the time of the experiments and did not vary with height. The direction 
followed was practically that of the isobars shown at the ground. 

The maximum duration of the ascent (obtained from information of the time 
at which the balloons were picked up or, in some cases, seen falling) in several 
cases did not exceed two hours, which, assuming a uniform increase of wind 
velocity witji height, indicates a maximum velocity of more tlian 100 miles per 
hour. A table giving the direction of start, maximum height reached, and 
distance in direction of place of fall was shown. 

The curves of variation of temperature with height were given. These do 
not diverge from the now well-known general type. The average temperature 
gradients shown for successive kilometres above sea-level are : 0'97, 0*41, 0*41, 0*47, 
0*54, 0*58, 0*69, 0*70, 0*63, 0-68, 0*21, -0*11, -0*12, -0*11, -0*08, -0*03, -0 02, 
—0*01, —0*02, —0*06 degrees Centigrade per 100 metres. 

Isothermal lines over the time of the ascent are plotted at intervals of 6^ G. 
Whereas at the ground level the temperature was remarkably constant through- 
out the course of the experiments, showing a variation of less than 2^ from 
the mean, the isothermals at the higher levels show a well-marked rise through- 
out the first fifteen hours, — e.p., a temperature of —40° C. was at first encountered 
at a height of six kilometres, and at the end of twelve hours was not met wit^ 
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until eight kilometres was reached. In fact the isothermals at the higher levels 
follow the general trend of the ground barometer, but the results are scarcely 
sufficient definitely to regard this as more than a coincidence. 

The effect of solar radiation during the daylight hours on the temperature 
of the upper layers was almost inappreciable in this series and also in the series 
June 2 and 3, 1909. 

The curves show that there was no very considerable absorption in any one 
layer, and it may be calculated numerically that the maximum effect of the 
sun’s rays during a March day would only be sufficient to raise the temperature 
of the whole thickness of the atmosphere by a few degrees Centigrade. 


5. Temperature Inversions in the Rocky Mountains, 


By R. F. Stupart. 


6. The Effect of Radiation on the Height and Temperature of the 
Advective Region. By E. Gold, M,A. 

If He denote the height and Te the temperature of the layer at which the advective 
region begins, then observations show (1) that He is greater and Tc less over anti- 
cyclones thax. over cyclones ; (2) that He increases and Tc probably decreases with 
approach towards the equator. While the conditions (1) are temporary in character 
and may bo not due to but in spite of radiation effects ; (2) represents an approxi- 
mately steady and permanent state in which radiation must play a predominant part. 
The following conclusions have been reached by the use of the methods developed in 
‘ The Isothermal Layer of the Atmosphere and Atmospheric Radiation.’ 

If the atmosphere be divided into two regions, in the upper of which the tem- 
perature is constant, then for a given temperature distribution from the earth’s surface 
upwards, the excess of the radiation from the upper layer over the absorption by it of 
terrestrial radiation, t.e., radiation from earth and lower atmosphere, increases if the 
absorbing power, h, increases (a) in the upper region alone, (iS) in the convective region 
alone, (7) throughout the atmosphere. This means that so far as radiation from 
terrestrial sources is concerned an increase in the absorbing power qf the atmosphere 
will bring about a decrease in the temperature Tc and an increase in the height He of 
the advective region, provided the temperature in the convective region remains 
unchanged. 

If the value of h remains invariable while the tcm]5crature in the convective region 
increases, the values both of He and of Tc increase also. 

It appears therefore that we have here the basis of the explanation of the variation 
with latitude. The increase in humidity towards tj;;Lc equator means an increase in & at 
least in the lower part of the atmosphere, and therefore an increase in H^, a decrease 
in Tc. The increase in temperature, however, means an increase both in He and in Tc* 
Thus the two effects reinforce each other so far as Hq is concerned, while for Tc they 
are opposed. The results of observation are on the whole in accordance with this. 
The change in He is very marked, that in Tc is slight. 

There is, howevcT, another condition to be satisfied. The total radiation out to 
space from the earth and atmosphere musu balance the total absorption of solar 
radiation by earth and atmosphere so long as the temperature of the earth remains 
nearly constant. The exact distribution in latitude of the absorption not known, 
but it is certainly greatest at the equator and diminishes towards the poles. The 
radiation must then also be greatest near the equator atid must diminish pole- wards, 
but the rate of variation with latitude will be smaller than for the absorption owing 
to the transference of energy by oceanic and atmospheric currents. 

Now if the atmosphere is what is termed a ‘ gray * body, i.c., if each layer of it 
radiates throughout the spectrum with an intensity proportional to that of a black 
body at the same temperature, any increase in b diminishes the value of the outward 
radiation, and if the diminution is great enough to counterbalance the effect of an 
increased surface temperature on Tc, it will also counterbalance the effect of the in- 
creased temperature on the outward radiation. There could not therefore under 
these circumstances be a balance in the transference of energy since the outward 
radiation would be at least as small near the equator as in higher latitudes. Thus 
the atmosphere cannot be regarded as a * gray body ’ in strict calculations on the 
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connection between tadiation and the advectivo region. Of course it is known 
experimentally that the absorption of the atmosphere for different wave-lengths does 
vary very much» but it seemed possible that an average value would be sufficiently 
accurate for practical applications. This proves now not to be the ease, and calcula- 
tions based on the assumption that it is permissible may bo subject, to largo corrections. 

There must bo a considerable portion of the spectrum for which the atmosphere 
is nearly transparent, and it is this fact which makes possible a lower temperature 
in the advective region near the equator. If this wore not the case, the toinperaturo 
at the earth’s surface and in the convective region would rise until the balance with 
the absorbed solar radiation was established, which could only be after the tempera- 
ture of the advective region had risen above its value for temperate latitudes. 

It has boon suggested that the cause of the variation of Tc with latitude is a greater 
proportion of ozone in temperate than in equatorial regions in the upper atmosphere. 
This is in itself insufficient, because Tc depends not on the absorbing power of the 
advective region but upon the ‘effective’ temperature of tJie incident radiation. 
If the latter is unchanged, an increase in absorption in the advectivo region is accom- 
panied by an increase in radiation from it and there is no increase in I The dis- 
tribution of ozone may modify the conditions in proportion to its relative inqmrtance 
as an absorbing constituent, compared with water vapour. It could affect Tc in the 
manner observed only (1) if water vapour were transparent to ozone radiation ; 

(2) if the intermediate atmospheric layers were nearly transparent to ozone radiation ; 

(3) if ozone predominated in the advective region in temperate latitudes and water 
vapour in the same region near the equator. 

If, as is generally accepted, the vertical motion near the equator is upwards only, 
then for all heights above the condensation level, 2 km. say, the air must be saturated 
with water vapour. Thus if the vertical temperature gradient is the same as for a 
place in the temperature zone in latitude the amount of water vax)Our between the 
isothermal surfaces at tcmpcratui-es to, to must be greater near the equator than 
in latitude being the surface temperature and to that of the advective region in 
latitude But the outward radiation across the surface, to, is greater at the equator 
than in latitude owing to the higher temperature of the air beneath the surface. 
There must then be more of this radiation absorbed unle.ss the value, of To at the 
equator is to exceed to ; and this greater absorption is in accordance with the deduction 
regarding the water vapour made above. We may say therefore that the variation 
in the distribution of water vapour, combined with the presence of spectral regions 
for which the atmosphere is nearly transparent, is alone sufficient to explain tha 
variation of Tc and Hq with lajitude. 


7. A Seiisitive Bifilar Seismografli with some Records. 
By Profossor F. G. Bailv, MuL 


WKDNKSDAY, SEPT EM DEE 7. 

The following Papers and Reports were read : — 

1. Stars as Furnaces. By Sir Norman Lockyer, K.C.B., F.R.S. 


2. On the Evolutions of a Vortex. By Profossor W. M. Hicks, F.R.S. 


3. Report of the Seismological Committee , — See Reports, p. 44. 


4. On the Rate of Propagation of Magnetic Disturbances. 

By C. Chree, D.Sc.f F.R.S. 

This paper was mainly devoted to a recent view of Dr. L. A. Bauer, head 
of the Department of Terrestrial Magnetism in the Carnegie Institution of 
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Washington^ and editor of * Terrestrial Magnetism^* who ^believes he has esta> 
blished the fact that the so-called * sudden commencements ’ of magnetic 
storms are propagated at such a rate as to take on the average about 3} min. 
to go round the earth. Dr. Bauer believes the cause of these disturbances to be 
a peculiar form of overhead electric current in the plane of the earth’s equator, 
due to charged ions whose height is on the average about fifty miles. Dr. Bauer 
advances a theory to account for the motion of the charged ions, which the author 
criticised. The conclusion reached is that the theory is unsatisfactory in several 
respects. The paper also dealt with a recent paper by Mr. R. L. Faris which 
treats of the records of fifteen magnetic disturbances as recorded at the five 
stations of the U.S. Coast and Geodetic Survey, viz., Porto Rico, Cheltenham 
(Maryland), Baldwin, Sitka, and Honolulu. Mr. Paris deduces fromi the 
observe times of commencement of the disturbances finite rates of propagation 
who.se average seeins to nemrd well with Dr. Bauer’s theoretical conclusions. 
The data given by Mr. Faris was regarded critically from several points of 
view, and a variety of apparent inconsistencies pointed out. 

The fin.al conclusion reached is that the evidence advanced by Mr. Faris is 
inconclusive. 


5. Nivth Jieport on ike Investigation of the Upper Atmoaphere, 
Sgo Reports, p. 72. 


6. Report on Magnetic Observations at Falmouth Observatory, 
See Reports, p. 74. 


7. Report of the Committee to aid in Establishing a Solar Observatory 
in Australia , — See Reports, p. 42 . 


8. Report on the Geodetic Arc in Africa , — See Reports, p. 76. 


9. Report on the Protnsion for the Study of Astronomy^ Meteorology, and 
Geophysics in the Universities of the British Empire . — Sec R(ports, p. 77. 



Section B.~CHEMISTBY. 

' President op the Section. — J. E. Stead, F.R.S., F.I.C., F.C.S. 


THURSDAY, SKPTEMIiER 1. 

The President delivered the following Address : — 

IPla'hes viii.-xi.] 

• 

It was with considerable dilTidence that I accepted tlie position of President of 
this Section. The long list of illustrious and eminent chemists who have occupied 
the chair in the past, scientists of the highest attainments, and usually professors 
of our educational institutions, is indicative of the very high standard to bo 
followed. As, however, it was urged th.at a President with experience in the 
metallurgy of iron and steel was desired, 1 bowed t-o the decision of the Council, 
concluding that even as a mere layman I might, in this address, discuss one or 
more subjects to which prominent metallurgists have for the past thirty years 
directed their earnest attention, both in Europe and America. I refer to some 
of the underlying phenomena connected with the effect of sulphur and silicon 
on the carbon condition of commercial cast iron. 

The effect of sulphur and silicon on cast iron has received the attention of 
Karsten, Percy, \Veston, Howe, Keep, West, Dillner, Bachman, Summershach, 
Wiist, Johnson, Stoughton, Hailstone, Longmuir, Adamson, Turner and Schuler, 
Levy, and many others. They all agree in concluding that sulphur tends to make 
iron white by retaining the cafbon in the combined state, and that silicon tends 
in the opposite direction. Professor Howe and Dr. Wiist have endeavoured to 
arrive at the exact quantitative effect of sulphur and silicon in preventing or 
facilitating the decomposition of j|ho carbides. 

Howe recognised th.at the d«ata available are insuflicient on which to make any 
final conclusion. 

Wiist found, by a series of trials,, that in pigs containing .3*15 per cent, carbon 
and about 1 per cent, silicon, on an average 0*01 per rent. snl))hur prevented 
the separation of 0*02 per cent, graphite, but that with 2 per cent, silicon ifs effect 
was much less. 

It is the general experience, that the effect of sulphur depends on the propor- 
tion, not only of silicon, but of the total carbon and manganese, and of the 
temperature at which the iron is cast, and the size and tt^mperature of the mould 
into which the metal is rim. Under some critical condilions 01 per cent, 
sulphur may prevent the separation of 3 per cent, graphite. 

Howe’s discovery — that the tendency of silicon, in increa.sing the decomposition 
of the carbides, is rapid at first, especially as the silicon rises from zero to 0*75 
per cent., and then slower and slower with each further increase — i» very im* 
portant ; so also is the generalisation of Messrs. Charpy and Grenet — that the 
separation of graphite on annealing iron which is initially white, containing the 
whole of the carbon in the combined condition, begins at a temperature which 
is the lower the greater the percentage of the associated silicon, and that the 
separation of graphite, once begun, continues at even lower temperatures than 
that at which it started. 

The evidence advanced by Phillips, Frost, Campredon, Schulte, and others — 
that, on dissolving sulphurous irons in hydrochloric acid, all the sulphur is 
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not given off as H^S, and that a part either passes off as S(CH,)a or remains 
behind with the solution as some organic product— was tentatively believed as 
indicative that the sulphur is chemically associated with the carbon and the iron. 

Levy/ who has done much good work in the endeavour to determine the ^da- 
tions which exist between iron, carbon, and sulphur, in the alloys of these 
elements, states, as the result of his research, that there is no conclusive evidence 
ot any cAiemical nwion. 

In his tabulated reftulia vd\ovi\ng the amowvxt ot sulphur evolved presUTnably 
tis S(ClI^)g on dissolving iron, carbon and sulphur alloys, VW mvvKlnuun la 
U’06 per cent., but the average is very much less. 

Schulte, on the other hand, had found that from 1 per cent, to 12 per cent, of 
the total sulphur is evolved as an organic sulphur compound; and Bischoff found 
an even greater quantity. 

The results are apparently conflicting, and it is evidently obvious that more 
research is required in this direction. 

It has beon shown by Arnold and McWilliam, and confirmed by others, that 
carbide of iron does not decompose into graphite and iron during the annealing 
of steel until it segregates into relatively large masses. Taking this as a basis 
Mr. Levy has advanced an explanatory hypothesis as to how it is that sulphide of 
iron prevents the decomposition of carbides in white irons. Ho had found that 
during the solidification of irons free from silicon and manganese, but rich in 
sulphur, * the sulphide separates at a temperature in the neighbourhood of 
1130° C., together with, and as a component of, the Jiustenite-cementite eutectic, 
forming a triple austenite-cementite-sulphide eutectic, the cementite component 
of which is interstratified with a jointed pearlite (by decomposition of austenite) 
sulphide one.* He staled that ‘ The presence of iron sulphide in the eutectic intro- 
duces intervening layers, which may partly ball up on annealing, but even then 
leave sulphide films between the cementite crystals ; these act almost as emulsifiers, 
preventing the coalescence of the cementite portion, which is apparently a neces- 
sary preliminary to its decomposition into free carbon and iron. These layers and 
films are so persistent, even on slow cooling, as to retain their position between 
the cementite crystals, until the metal has cooled well below the temperature of 
decomposition, so that an iron which might otherwise become grey is retained, 
even on very protracted cooling, in the white form, by sulphur as sulphide; 
0*25 per cent, sulphur being sufficient for this purpose under the moderately 
protracted cooling conditions of the research. It is not improbable that the 
mechanical force exerted by sulphide, on separation and cooling, may also 
prevent the physical conditions necessary for carbide decomposition, which, as 
is well known, is accompanied by considerable expansion.* 

It is* to be noted that Mr. Levy’s argument is based on the effect of the 
sulphide films in the eutectic, preventing the«scgregation of the cementite into 
relatively large masses, which, as he expresses it, ‘is apparently a necessary 
preliminary to its decomposition.* 

His conclusions were based on the examination of hypo-cutectic alloys contain- 
ing not more than 2*75 i)cr rent, carbon and free from massive plates of cementite. 

Whilst admitting that his conclusions may Ije correct, as applied to the 
eutectic, some other explanation would be necessary if decomposition did not 
occur when a considerable quantity of massive cementite initially were to form 
in the alloy. 

That stable mcassive cementite can be so obtained in iron sulphide alloys I 
shall presently show. 

If it could bo shown that sulphur in some form of combination with the iron 
and carbon does crystallise with the carbides, and that such mixture or solid 
solution is stable and not readily decomposed, it would be reasonable to conclude 
that the siilphur is responsible for the stability. 

It has been suggested that silicon in iron decomposes the carbides according 
to the following chemical reaction: .3Si-®Fe,C = *Fe^Si -2C. The only objec- 
tion to this explanation is that the silicon is not free in cast iron, as was proved 
by Turner, and, moreover, as will be shown presently, it is combined with iron 
in solid solution before the carbide is decomposed. 

‘ Journal of the Iron and Steel Institute, No. 2, 1008. 
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aontermann* found that on adding pure silicon to molten iron, the iron imd 
silicon combined with considerable rise in temperature, and I have noticed the 
same ihing even when adding it to carburised iron. 

The same authority, who has made a most carefuJ study o{ tll6 Sllova 

of the iron-carbon-sUicon series, has shown that the eutectic freeziW n«,W ...vll 
with the silicon from 1130 when silicon is absent to about TJW h 
reaches 10 per cent., and to 1176° when it is about 17 per cent 

laWs tW aWlCOH rises by about 0*3 por cent, tor oacl\ wnit oi RiVveow. 

I iio Baiuo a\it\ior pvovetl tYui pearlilo ixtvcvsi<»n-j>oiiit, in tlxeHo uA\t>y« 

rises with the silicon on an average of about 30° C. for cacli unit of silicon in 
the alloys containing between 0° and 6 per cent, silicon. He concluded, but 
did not actually prove, that in the region of the curve of unvarying cquililiriuiu 
two cementites crystallise; one a solid solution of tho carbide and silicide of 
iron; and a second, a mixture of this with another ternary iron-silicon-carbon 
solid solution. 

If the composition of tho alloy lies between the curve of saturated silico- 
austenite and the curve of non-varying equilibrium, saturated silico-austonite 
primarily forms; and following this a secondary crystallisation of a binary 
eutectic consisting of this saturated austenite and silico-ccmcntite. 

In tho year 1901 I described certain unique idiornorphic crystals which had 
bexjn found in the hearth of a disused blast-furnaco at Jllaina. The crystals 
were more or less oxidised on tlieir exterior surfaces. 

The analysis was as follows — 

After deduftiug the 
Oxygni, &c. 

Per fciit. 

Manganese 54*56 

Iron 3771 

Carbon 3*91 

Silicon . 3*82 


100*00 


A micro-examination proved the crystals to be quite homogeneous mixtures, or 
solid solutions. It was difRcult to assign to them any definite chemical consti- 
tution. They may be considered as silico-carbides of manganese and iron, and, 
as will be shown presently, bear a close relation to similar crystals which 
primarily form during the freezing of iron-carbon-silicon alloys. 

Having briefly referred to the ^ork of a number of authorities, I now propose 
to describe my attempts to supplement our knowledge in this direction by a 
purely micro-chemical research. 

In order to understand tho remarks which follow, it is necessary briefly to 
describe the changes which occur when pure iron-iron carbide alloys pass from 
tho litpiid to the solid state as are indicated by the researches of Osmond, 
Roberts-Austen, Stansfield, and of Carpenter and Kneeling 

In the iron alloys containing less than the eutectic proportion of 4*3 per cent, 
carbon, described as hypo-eutectic alloys, austenite ociahcdral crystallites of 
the fir-tree t^pe first fall out of solution, and these continue to grow till the 
liquid is so impoverished of iron and enriched in carbon that when the eutectic 
proportion of 4‘3 per cent, carbon is reached, the liquid solidifies and breaks 
up into carbide of iron and austenite. 

The hypereutectic alloys, containing more than the eutectic proportion of 
carbon, on cooling, first yield carbide of iron crystals, and these continue to 
grow till, by removal of the excess carbon, the eutectic proportions of iron and 
carbon are reached. The eutectic in its turn then freezes. 

For the purpose of my research it was necessary to select pig metals, grey 
and high in silicon and white with high sulphur. These were kindly supplied 


Anorgamache Chemte, Bd. 59, 1908. 
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by MefiBTfi. Wilson, Pease and Co. and MessTS. Cochrane and Co., Middles- 
brough. Thoy were made irom Cleveland ironstone and contained : — 


Combinod carbon 
Graphite 
Manganese . 
Silicon 
Sulphur 
Phosphorus . 



White 

' GrcyGI^od Iron I 

" No. 1 

No. 2 


Per cent. 

Per cent. 

Per cent. 


2*98 

nil 

Trace 


traces 

2-65 

3*300 


0-29 

0-72 

0*676 


1-89 

5-21 

4*321 


0*27 

003 

0*026 

• 

1-62 

1*56 

1*660 


It may be accepted that the sulphur in the white iron undoubtedly is the cause 
of the whiteness of the iron, whilst the excessively high silicon and low sulphur 
are equally responsible for the graphitic condition of the carbon in the grey irons. 

The micro-structure of the high silicon metal was characteristic of all 
phosphoretic, high-silicon, carbon alloys. Curved plates of graphite cut the 
mass in many directions, whilst the binary eutectic of phosphorus and iron 
remained in irregular patches, generally midway between the graphite plates. 
The ground mass occupying the space between the eutectic and graphite plates 
consisted of silico- ferrite. 

The interesting feature about the structure of the white iron is that there 
was no iron-iron-carbide eutectic. This had been replaced by the ternary 
eutectic of iron-phosphorus and carbon, which, according to Dr. Wiist, contains 
about : — 


Iron 





Per cent. 
. 91 

Phosphoru.s . 

. 


. 

. 

7 

Carbon 


. 

. 

. 

2 






100 


There was evidence that the primary crystals of austenite of the octohedral 
skeleton type had been the first to fall out of solution, that the second crystal to 
form consisted of short plates of carbide of iron (cementite) ; whilst the ternary 
eutectic ‘of phosphorus, carbon, and iron was the last to freeze and occupied 
spaces between the cementite plates find the p^mary crysifils. 

Dr. Carpenter and his assistant, Mr. Edwards, of Victoria University, 
Manchester, kindly obtained, for the puqioso of this address, the cooling 
curves of these two typical metals. These were as follows : — 

Grey Iron, 

The long arrest at 1118° indicates a change of state, but is also coincident 
with important chemical changes. The second long arreet fit 945^ is due to 
fKsezing of the iron plKisphorus carbon eutectic. The arrest at 850“ indicates 
the formation of ))carlite, and corixssponds closely with the arrest in a similar 
alloy examined by Gontermann. I’lio arrest at 690“ is probably due to the forma- 
tion of {^arlite in the eutectic of iron and phosphorus, and is of great interest, 
for it points to the conclusion that silicon is not a constituent of tho austenite of 
the ternary eutectic. 


White Iron, 

The micro-structure and analysis help more fully to explain the arrests on 
cooling this alloy. 

The first arrest at 1149° C. is where the primary austenite crystallises wifh 
the silicon, as will be shown presently. 

The second arrest is where the primary cementite plates freeze. 
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The third arrest at 945° is the freeaing-point of the ternary eutectic, and 
\a identical Yfith that oi the coxToaponding long aixeat oi the gxey iron. 

The fourth arrest at 770° is coincident with the forinatioxi of pearlito. 

Bearing in mind that the manganese in the white iron was insufficient to 
combine with the whole of the sulphur present to form manganese sulphide, it is 



obvious that some other comjxjund or compounds of sulphur existed. The 
micro.scoj)C clearly revealed the presence of manganese sulphide .and traces of free 
iron sulphide. 

'Ilio carbide plates were quite free from striations of sulphide, su^^h as hatl 
bfeeii noticed by Mr. Levy in the eutectic of high sulphur irons. 

But for the sulphur present, the silicon would have been siifhcicnt to effect a 
decomposition of the carbides, •and the metal in absence of the sulphur would 
have given a grey instead of a white fracture. In view of this conclusion 
it appeared to be probable that if manganese were to be melted with the metal, 
it would combine with the sulphi]^ associated with iron, &c., and irystalliso 
as MnS, previous to the solidification of the carbide, or independently, and that 
the metal would then become grey on cooling. 

In order to test this, a jiortion of the metal was melted in a clay pot with a 
little pure manganese, free from carbon — sufficient to give one per cent, of manga- 
nese, which was more than sufficient to combine with the whole of the sulphur. 
As soon as the mass was melted it was at once poured into a sand mould and 
allowed to set. When cold, it broke with a grey fracture corresponding to 
what is known as hard forge, and the combined carbon instead of being about 
three per cent, was reduced to 0*6 per cent., a result proving the correctness of 
the hyfKjthcsis. 

It is well known that when manganese or chromium and some other metals 
are present in large quantities in pig irons, those metals, as carbides, crystallise 
with the carbide of iron forming double carbides, .and these are much inoro 
stable than the massive pure iron carbide. It appeared reasonable to believe 
that if sulphide of iron, or some iron-sulpho-carbon compound, were to crystallise 
with the carbides it would have a similar effect. 

Bemembering that the conclusions on this question, as to whether sulphur does 
or does not crystallise with the carbides, arc conflicting, it is evident that the 
only possible way to find out whether sulphur does so crystallise is to separate 
the carbide from the iron and test it for sulphur. With this object, a consider- 
able quantity of the original Cleveland white metal was crushed to the very finest 
powder. It was then treated with a 10 per cent, solution of hydrochloric acid in 
water in large excess, and the action of the acid was allowed to continue until 
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evolution of gas ceased. The insoluble matters, consisting mainly of carbides 
and phosphides, were filtered off, washed and dried, and were ground down 
in an agate mortar to a still finer powder, so as to liberate any mechanically 
entangled sulphides. The powder so dealt with was again treated with acid as 
before, after which the residue was filtered off, thoroughly washed with water, 
was transferred to a separate vessel, and was boiled with strong caustic-potash to 
dissolve any decomposition products. 

The residue was again filtered off, was washed and dried, and submitted to 
analysis. The residue when dried weighed about 45 per cent, of the original 
metal, and contained as follows : — 

Per cent. 

Iron 92'43 

Carbon 606 

Silicon 0T2 

Sulphur 0T2 

Phosphorus .... 0*97 (6*2 per cojit. phosphide of iron) 

Water, &c 0*30 

100*00 


A second trial was made with the same metal ; but, in this case, repounding and 
acid treatment were repeated three times, so as to eliminate the possibility of 
mechanical inclusion of sulphide or iron. The sulphur found in the remaining 
carbides was 0*1 per cent. 

As the mangane^ in this metal was not sufficient to form manganese sulphide 
with the sulphur, it seemed desirable to determine whether or not when the 
manganese is in sufliciciit quantity sulphur would crystallise with the carbide. 
For this purpose the white chilled part of a crushing roll was cx^xirimented upon. 
The centre part was open grey iron, and contained 3*1 per cent, of the carbon as 
graphite. 

The w'hite chilled portion contained : — 

Combined carbon *^*3^k?* 

Graphitic carbon • . Trace 

Manganese oes 

Silicon 0*70 

Sulphur • . . . . 0*10 

Phosphorus 0*23 

It was (^rushed to powder and treated exactly in the same way as previously 
described for tho separation of carbide. The Msidue contained by analysis : — 


Silicon 

Sulphur 


Per cent. 
. 0*028 
. 0*016 


a result showing that only a minute quantity of sulphiu* was crystallised with the 
carbide. Whether a different result would follow if both sulphur and manganese 
w'ere greatly increased has yet to be detei mined. 

Having proved that sulphur in some undetermined state of chemical combina- 
tion does crystallise with carbide of iron, an attempt was made to jetlermine the 
maximum amount of that element the carbide will retain under the most favour- 
able conditions. With this object in view a considerable quantity of very pure 
white iron, containing only traces of silicon, sulphur, and phosphorus, and 3*5 per 
cent, of carbon was melted in a plumbago crucible; and when in a molten con- 
dition sticks of roll sulphur were forced under the surface of the metal and 
afterwards the mixture was briskly shaken up with tho sulphur which had 
liquefied on the surface. 


Pr^ieely the same result was obtained as described by Karsten, who had made 
a similar axpanment. A metal was produced having a white fracture and laree 
ricavago faces, fhe micro-structure was similar to that of hypereuteclic iron 
rarbon alloys. Tiarge plates of carbide cut the metal in many directions, whilst 
between the carbide pla^ was located the triple carbide-snlphide-pearlite eutectic 
so accurately described by Mr. Donald Levy. 

The carbide plates themselves were peculiar in haring circular prismatic in- 



PRESIDENTIAL ADDRESS. 


655 


elusions of sulphide of iron symmetrically arranged at right angles to the sides of 
the plates. In horizontal sections of these plates they appeared as circular 
dots, sometimes arranged in continuous lines, suggesting that the sulphide had 
been actually in solution 'with the carbide when the metal was liquid, that they 
fell out of solution together, the sulphide separating and segregating along the 
cleavages of the carbide. 

A portion of this sulphurous material was remelted and treated with a second 
quantity of sulphur. This time in addition to sulphide of iron a considerable 
quantity of the soot-like substance described by Karsien floated to the surface, 
and free graphite separated and stuck to the sides of the crucible. 

The analyses of these metals are as follows : — 


Carbon 

Sulphur 

Silicon 


After the first addition 
of Sulphur. 

Per cent. 

. 4-37 
. about I'OO 
. 003 


Aftc'i* the second trciitiucnt 
with Sulphur. 
l*cr cent. 

4-39 

1-00 

005 


From which we may conclude that the maximum degree to which the carbon can 
l^e concentrated by this method is about 4’4 per cent. In these trials 4ihe carbide 
certainly had sufficient opportunity to become saturated with sulphur in each case. 
Both of the metals were crushed to exceedingly fine powder, and were treated 
with acid to decompose the free sulphides. The residues were repounded and 
treated with acid a second time, and afterwards with strong potash solution. 
After this treatment, analyses of the insoluble residues indicated, in one case 
0 09 per cent, sulphur, and in the other 0 08 per cent. From this it would a'ppsar 
that rarhides will not crystallise with 'nore than about O’l 'per cent, of sulphur. 

The metal containing 4*37 per cent, carbon and 1 per cent, sjilphur, even on 
prolonged annealing, did not become graphite, a proof tliat the massive carbides 
present were quite stable. 

The microscope reveals the fact that in almost all commercial white irons 
containing much sylphur the greater pai’t of the sulphur is combined with either 
manganese or iron, and that the sulphides mainly exist as independent inclusions. 
It appears reasonable to assume that the manganese sulphide is without influ- 
ence on the carbon condition, and that, although iron sulphide may have some 
influence, in the way suggested by Mr. Levy on the eutectic, it is the sulphur that 
crystallises with the carbide which is mainly responsible in preventing the 
separation of graphite by making the carbide more stable. ^ 

If it is assumed that the stabili^ of the carbide depends on the quantity of 
sulphur which crystallises with it, and not on the total amount present in the 
metal carrying the carbides, it is clear that a great field of research is now 
open, tho borders of which 1 have barely touched to co-reUite their stability 
and sulphur contents. 

Tho microscope does not show in what constituent the silicon crystallises. 
It is known that in grey irons it is associated with tho ferrite and pearlite, 
but grey iron is the final result of the decomposition of carbide of iron and 
possibly silico-carbides, which primarily form during solidification, and jilthoiigh 
the silicon in ^ the decomposed product may be entirely asso(;iated with the 
iron it is no proof that initially some of it may not have crystallised with the 
carbides. 

In the white f3cveland iron, pi'eviously referred to, it is probable that the 
several constituents are present in the following proportions : — 

Per cent. 

Silico-pearlite, the residue of tho original austenite octa- 


hedral crystallites 42*50 

Iron carbide in plates 33*fiG 

Iron, phospho-carbide eutectic 23*10 

Manganese sulphide 0*38 

Iron sulphide 0*36 


100*00 ' 
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When fractionally dissolving the powdered metal in acid, it was the iron 
and associated silicon of the pearlite which passed into solution, and the carbide 
and phosphide which remained insoluble, and as these contained only 0* 12 per 
cent. Bilicon, or about 0*06 per cent, on 100 parts of the original metol, it is 
evident that the pearlite must have contained 1*89— 0'06=1*8^ pet cent. 01 tne 

silicon, or on 100 parts of it 4*3 per cent., and that about 97 per cent. 

of the total silicon had crystallised with the austenite. 

A little reflection will lead to the conclusion that if the carbon in the Cleve- 
land white iron were to be gradually increased, the proportion of primary 
austenite crystallites would decrease, there would be less and less of them 
to carry the silicon, and this element would bo concentrated in the diminishing 
solid austenite. It also follows that if the carbon were to be so increai^d that 
no primary austenite would form, the silicon would have to crystallise in some 
other constituent. 

In the example, referred to above, of the chilled casting, the carbides con- 
tained only 0’028 per cent, silicon, or 0*016 per cent, on the original metal. In this 
case, therefore, about 98 per cent, had crystallised with the primary austenite. 

The question as to what amount of silicon will crystallise with the austenite 
so as to sr.turate it is probably variable with other variables. To determine 
this by chemical analysis would involve an exceedingly tedious research. 

It is probable that as it increases, and as the austenite approaches more and 
more nearly to the saturation point, a gradually increasing proportion of the 
silicon will crystallise with the carbides. 

It is well known that molten low silicon grey irons, in the absence of any 
appreciable quantity of sulphur, gives a white fracture when slightly chilled. 
Irons with above five per cent silicon, when similarly treated, axe supposed not 
to behave in the same manner ; and this is quite true when an;j^ ordinary method 
of chilling is adopted. For instance, when the liquid silicious glazed metal 
No. 1 was run into water, the chilled iron contained graphite; but when a 
largo drop was suddenly pressed into a sheet as thin as paper between cold 
plates of iron, the chilled metal was quite white and no graphite could be 
detected on dissolving it in nitric acid. The metal so chilled was difficult to 
dissolve in acid, and the silica produced, instead of forming a gelatinous bulky 
residue, remained in a close dense condition — indeed the thin chilled sheet, 
after all soluble matter had been removed, remained a rigid sheet of dense 
coherent silica, wheroas the same metal allowed to cool slowly from the liquid 
state in a sand mould yielded to acid gelatinous silica. 

The different behaviour to acid treatment of the chilled as contrasted with 
that of the slowly- cooled metal indicates that the condition of the silicon in 
rapidly chilled metal is different from its condition in the same metal slowly- 
cooled. 

In 1895 Mr. T. W. Hogg, of Newburn Steel Works, published an account 
of a very interesting observation, in which he showed the difference in the 
silicon solubility in different parts of the same pig iron— a portion of which 
was white and a portion grey. The iron referred to contained : — 

"WTiite part. Grey part. 

P€^p cent. Per cant. 

Combined carbon . . . 3*88) 0*98 1 

Graphitic carbon . . . 0*46 j ^ « oo 

Silicon 0‘65 0'86 

Manganese .... 1*63 1*60 

He determined the solubility in dilute acid of the silicon in each portion, and 
found that the silicon soluble in hydrochloric acid was, in the grey part= about 
81 per cent, and in the white parts about 48 per cent. 

He found also that the silica left on treating the two varieties of metal in 
acid differed in character— that from the white portion was dense, whilst that 
from the grey metal was much more voluminous. The white metal contained 
the eutectic proportion of carbon, and therefore it could not contain any 
austenite crystallites ; indeed with the silicon 0*60 per cent, also present it must 
be regarded as a hypei-eutectic alloy, and on that account we are forced tp con- 
clude that the silicon must have crystallised with the carbide. 



I Plate VI If. 


British .Usociation, 8(V7i Report, S/ie/jield, 1910.] 

Xo. 1. 

Cleveland White* Iroi>, 



White — massive* plate's uf Ke'^C. 

Dark -pe'arlite*, the eIe*c(»in]i()stMl anstcnile*. 
Wliiic aiiel half-lone* fe*riiar\' I'V (.' I* e uteelie. 


*\e). 2. 


Cicvelanet Claxe'el Iron. 



(jJroniid inass--8ilicei-fe*rrite. 

While, complex -iron — iron plieis])hide eeitectic. 
vStraij^ht dark lines ^jiiaphite. 

lllustratinfj the Presidential Address to Section B, 



British Association, Report, Sheffield, 1910.] |Platk XI. 

No. 7. 

An Iron-( 'arbon-Silicon Alloy, free from Phosphorus, iiiado moro stable by Sulphur 



Hiokt ii uji strucluiv in tlu‘ et‘ntrt*--ilu‘ eutcciic of two cKuiu-iitiU-s, silico-oai bide 

and carbide. 

Hall-lone — the carbide cement it e. 

Dark area-- decomposed eutectic. 

Light portion at right lower corner = crystallite of silico-pearlite 

No. S. 

Pure Iron-Iron Carbide Eutectic, the c<»oling of an Inch was arrested before the 
complete decomposition of the Carbide.^ into^ Austenite and Graphite. 



White =carbide of iron. 


Black lines = graphite. 


Ualf-tonc = peurlite. 



PRESIDENTIAL ADDRESS. 


667 


It has long been known that on dissolving grey ferro-silicon containing even 
six per cent, silicon the silica gelatinises, whereas when the silicon approaches 
10 per cent, much of. the silica remains in a dense form. It is almost certain 
that during the solid!i|^tion of the grey part of Mr. Hogg’s pig iron a rich 
silicon cementite mfjvt have {primarily formed, for the high carbon would not 
allow the f omu^^ of any primi^ silico-austenite; when Uiis cementite decom- 
posed the sili4#^ mula become diluted with the iron of the decom- 

posed carbide was, no dolibt, this dUuted solid solution in tibe cold grey 
metal which yielded the gelatinous silica. 

That silicon does difnise into iron, even at relatively low temperature, was 
proved by Lebeau. He found that free silicon and iron, when heated together 
in vacuo at 960° O., chemically combine, a fact I have fully confirmed, althoiugh 
it is impossible to get silicon to combine with iron on heating them together 
in a cementation furnace where oxidising gases have access to the silicon. f 

To determine whether silicide of iron would diffuse into and precipitate the 
graphite in white iron, a sample of crushed white iron free from impurities, 
containing 3*5 per cent, of carbon, was mixed with 10 per cent, by weight of a 
silicon alloy containing 20 per cent, of silicon (sFe^Si) also in powder. The 
mixture after compression in a short piece of iron tube was heated for two hours 
at 1000^ C., in an atmosphere of hydrogen gas, and was then removed and cooled 
in air. 

For comparison a portion of the crashed white iron was tieated-' in the same 
way. 

The combined carbon in the metals before and after heating were as follows : — 


Before. After. 

Per ccut. Per cent. 

In white metal alone 3*5 3*44 

„ „ and silicide .... 3*20 0*60 


Not only does this trial prove that silicide does diffuse into carbide of iron and 
precipitate graphite, it has also an important bearing on the question as to why 
silicon in pig-irorf, even in small quantities, causes the carbide to be decomposed. 
In the experiments with the chilled part of a casting containing only 0*7 per cent, 
silicon and 3*75^ t^t Cent, carbon it was shown that the carbide contained only 
0*028 per cent, silicon, and that 98 per cent, of the total silicon was concentrated 
in the pearlite; yet tUs white iron on heating to 10^ C. became quite grey. ^Ire 
we not justified in concludinp that %t was the diffusion of silicide of ironjrom the 
silico-austenite into the carbides which caused the sejiaration of graphiter 

As I had proved, first that sfilphur. crystallises with and makes the carbide 
of iron more stable, and second that in the presence of a fusible mother liquor 
rich in phosphorus, after the austenite crystallisation is complete, the carbide 
crystallises out in plates and not as iron carbide eutectic, it appeared 
probable that if, as Gontermann premised, two kinds of cementite actually form 
during the solidification of iron-carbide>silioon alloys, it might be possible to obtain 
them in a separate state by melting the rich silicon alloys with a little sulphur. 

In order to test this a portion of the No. 1 grey glazed metal was melted, 
and when fluid a little sulphide of iron was mixed with it. The mixture was then 
cast in sand." Owing to the rapidity of the melting some of the graphite escaped 
and floated on the surface of the metal. 

When cold it was found that the lower part of the small casting gave a white 
fractured surface, whilst the upper part was close grey. 

The analyses were as follows : — 


Combined carbon .... 

Wliite part. 
Per cent. 

. 2*06 

Grey part. 
Per cent. 
0*60 

Graphite 

. Trace 

1*46 

Manganeso 

. 0*03 

0*03 

Silicon 

. 6*41 

6*40 

Sulphur ...... 

. 0*88 

0*91 

Phosphorus . . . 

. 1*60 

1*60 

1910, 


0 O 
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The grey part, although slowly attacked by cold acid, did dissolve, yielding 
much voluminous silica. The white part was almost inert and only dissolved in 
strong hydrochloric acid with difficulty, and when the iron was dissolved out the 
remaining silica was of tfie dense variety, from which it would appear that the 
effect of the sulphide is akin to that of sudden quenching. 

It was the micro-structure of the white portion, however, which was of unique 
interest. On ‘ heat-tinting * two kinds of hard crystals appeared, one more readily 
coloured by heating than the other. The more resistant crystals were idiomorphic, 
and were iuTnisho.d with their terminal angles, hnt as they were etnhedded in the 
surrounding metal it was impossible to form any exact idea ol the crystalline 
aysteni to which thc.y belong. 

The second order of crystals hud evidently solidified at a later period, as their 
forms were interfered with by those of the idiomorphic type ; they were much like 
ordinary plates of carbide of iron. The ground mass contained indications of 
octahedral on fir-tree crystallites and a well-developed phosphorus iron eutectic of 
the honeycomb type. This eutectic was the last to freeze, as it filled the spaces 
between the plates of the hard crystals. There was no pearlite excepting in the 
eutectic of phosphorus and iron. We can only tentatively conclude that of the 
two cementites the idiomorphic crystals contained the greater part of the silicon 
because of their greater resistance to oxidation and probably consisted of carbo- 
silicide of iron, with sufficient sulphur in them to make them stable; also that 
the second wystals were carbide of iron, possibly containing a lesser quantity or 
no silicide in solid solution. 

A further series of experiments was made on a portion of the same metal. In 
this case the molten iron was mixed and agitated with free sulphur instead of 
sulphide of iron, and the metal was at once poured into a sand niould in a thin 
layer. When cold it was quite white in fracture and had large brilliant cleavage 
faces. ’ 

It had the following composition : — 


Per cent. 

Combined carbon 2*60 

Manganese Trace 

Silicon 6*65 

Sulphur 0*93 

Phasphorus 2*08 


The sulphur had evidently effected concentration of the silicon phosphorus and 
carbon by removing some of the iron, as sulphide 6f iron was actually formed and 
floated on the surface of the iron. It was fractionally dissolved as described in 
previou.*- cases, and the residue (72 per cent, of the weight of the original metal) 
was tested and found to contain : — 


Per cent. 

Carbon 2*92 

Manganese Trace 

Silicon 6*70 

Sulphur . 0*062 

Phosphorus 1*410 


This insoluble fraction evidently consisted of both classes of crystals, together 
with some phosphide of iron. Efforts were made to separate the crystals by 
chemical means, but without success. 

On the long and continued action of strong hydrochloric acid a residue was 
obtained containing a little less carbon and more silicon than were present in the 
mixture, an indication that the lees soluble i^ortion is different from that more 
soluble. 

The micro-structure was similar to that of the metals of the previous trial, 
but as the carbon and silicon were higher the carbo-silicide was in greater 
quantity. It crystallised in long fiat plates and not in relatively short idiomorphic 
crystals. 

It is probable exception may be taken, with some justification, that the 
sulphur does not simply arrest the decomposition of the cementites, which I have 
piemised primarily form, but may act in some other unknown way. An attempt 
was therefore made to find out whether they could be obtained by some other 
method without the aid of sulphur. As it is known that the ternary eutectic 
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of iron, phosphorus, and carbon mells at about 945^ C., it appeared probable 
that if silicon in small quantity were to be melted with an iron-carbon-phosphorus 
alloy very rich in phosphorus the two kinds of cementites would fall out of 
solution at a lower temperature, and would probably not decompose into graphite 
and silico-aiistenite in cooling down after their formation. To ascertain whether 
or not this would bo the case, a fusible iron-phosphorus-carbon alloy containing 
more than the eutectic proportion of carbon was made. It had the following 
composition : — 


\toti 

Phoaphortie 
Carbon 
Silicon, &c. 
Sulphur 


Pec eeut. 
. 91-sa 
. B-37 

. 2*62 
. 0-10 
. 0*02 


100*00 

Four hundred grams were melted with sufTicient silicon alloy to yield in the 
mixture : — 

1 * 1 * r cent. 

Carbon 2*4 

Phosphorus 5-0 

Silicon ^2*90 

Sulphur 0*02 

When melted a portion of it was cast in a sand mould, the remainder was 
allowed to cool in the crucible. 

When cold, that cooled in the crucible was quite grey, whilst the portion cooled 
in sand was white at the lower part and grey on tho top part of the casting, 
result.^ which proved that the alloy was very unstable and that decomposition of 
the lower part of the casting was arrested by the slight chilling effect of the 
cold sand. 

On microscopic examination of the white portion the ground mass was found 
to consist of the binary phosphorus iron eutectic, whilst two different cementites 
were embedded in»it, one much more rapidly coloured on ‘ heat-tinting * than the 
other. The colours of tho constituents of the properly heated and polished metal 


were as follows : — 

Cementite (a) . . White 

„ (6) . Rod 

Phosphide of iron Purple 

Iron pearlite crystallites Grey 


The part which broke with a gtey fracture consisted of octahedral crystallites 
of silico-pearlite, the binary phosphorus iron eutectic, and undecomposed (red) 
cementite crystals, but there was a complete absence of the (white) cementite 
crystals. Graphite was also present in exceedingly fine plates, resembling what 
is known as temper graphite. 

The evidence here is conclusive that even in tho absence of sulphur : — 

(1) Two cementites had formed. 

(2) That one cementite is much more unstable than the other variety, 
and decomposes in advance into silico-austenito and graphite. 

Having proved that two different kinds of cementite do actually form and 
crystallise in the phosphorus eutectic it remained to ascertain in what way these 
crystallise in the absence of the phosphorus eutectic. 

For this purpose two hypo-eutectic alloys were prepared without any phos- 
phorus, but with sufficient sulphide of iron to check the decomposition of the 
carbides. 

They contained : — 


( 1 ) ( 2 ) 
Per cent. Per cent. 

Carbon 2*40 2*10 

Silicon 3*17 7*10 

Sulphur 1*21 0*82 

Phosphorus 0*02 0*02 


These when cold after casting in sand broke with white fractures. 


O O 2 
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The carbides separated in the manner previously described contained 

( 1 ) „ ( 2 ) ^ 

Ter cent. 1 er cent. 


Carbon 6*16 3*^^ 

Sulphur 0*09 0*08 

SWicon 0*^1 

Percentage of carbides insoluble in acid . 27*5 60*00 


The repeated acid treatment in this, as in all previous cases, no doubt dissolved 
a portion of the carbides, and what was actually weighed represented only a part 
of those actually present in the alloys. 

In No. 2 alloy, after polishing and ‘heat-tinting,* the microscope proved the 
presence of a few fir-tree crystallites embedded in a ground mass of cementite and 
a eutectic containing the two kinds of cementite, the No. 1 specimen containing a 
much smaller proportion of the cementite rich in silicon than No. 2. 

As the metals had been somewhat rapidly cooled the alloy No. 2 was rcmelted, 
and was then allowed to cool in the crucible, so as to obtain^ a more coarsely 
crystallis<id eutectic. When cold, on polishing and ‘ heat-tinting,* the eutectic 
was clearly seen. There were the remains of largo ])riiuavy silico-aiistenite 
crystallites, plates of the red-coloui*od cementite, and a well-developed eutectic 
consisting of tho (red) coloured land (white) cementites. 

The cooling having been slow, this compound constituent had suffered partial 
decompo.sitioii in isolat<id patches into graphite and silico-forrite, whilst the 
cementite coloured red remained intact. 

There can be little doubt that the residue left insoluble in acid consisted of tho 
two cementites, but in what proportion it is impossible to tell, as a method for 
isolating them has yet to be found. 

Had the alloy contained a greater proportion of carbon the amount of cementite 
rich in silicon would have been in much greater proportion. 

The trials, incomplete and necessarily imperfect as they are, go far to prove, 
just os Gontermann premised, that during the solidification of high silicon pig- 
irons two cementites fall out of solution together as a eutectic mixture. 

They also have proved that the carbo-silicidcs are exceedingly unstable, 
breaking up into silico-austenite .almost as soon as formed. It is the. instability 
of these, silico-carhides which is mainly responsible for the (jraphitic character 
of grey irons rich in silicon and low in sulphur. 

9 

Summary and Conclusions, 

1. TI.3 experimental results advanced show proof that carbide of iron in 
presence of iron sulphide crystallises with a« minute quantity of sulphur not 
exceeding about one-thousandth part of the weight of the carbide, but tho 
nature of the iron-carbon-sulphur compound has not yet been determined. 

2. It seems almost, if not absolutely, certain that it is the sulphur crystallised 
with the carbide which makes the latter stable. 

3. The evidence appears to support the view, long held by some and more 
recently accepted by others, that during the freezing of iroii-carbon-hypo-eutectic 
alloys after the crystallisation of the primary austenite, and in the eutectic 
and hypereutectic alloys, it is 'the carbide and not graphite which primarily 
forms and that the carliidc afterwards decomposes into graphite and austenite. 

4. It has been proved by chemical methods that when the hypo-eutectic alloys, 
low in silicon, freeze, ne.arly all the silicon crystallises out with tho primary 
austenite ; and it follows that on gradually increasing the carbon so as to reduce 
the quantity of primary austenite, the silicon remaining constant, the austenite 
which does form must be as gi’adually enriched in silicon up to saturation-point; 
and, when that point is reached, the excess silicon crystallises out with a portion 
of the carbide of iron to form carbo-silicide of iron. Other elements remaining 
constant, the same result must follow on gradually increasing the silicon. 

6. In the alloys of eutectic proportion and in tho hypereutectic alloys, as no 
primary austenite can form, the silicon crystallises primarily with the carbide. 

6. In Cleveland pig-iron containing about 1*6 per cent, phosphorus, a ternary 
eutectic of iron-carbon-phosphorus takes the place of the iron-iron-carbide eutectic. 
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In white irons containing 3 per cent, carbon and under 2 per cent, silicon, after 
the primary austenite has fallen out of solution carrying practically all the 
silicon, it is not iron-iron-carbide entectic which forms, but independent plates 
of cementiie, or carbide of iroiv, and after Ibeee bave crj&taXVised and \be 
reaiduai mother liquor has arrived at the con»poR\t\ot\ of the ternary iron-corbon- 
phosphorufi eutectic, the latter solidifiee at 945° G. 

7. In Cleveland irons which become grey on cooling, and in which there is no 
primary austenite, the same iron-carbon-phosphorus eutectic is the only eutectic 
to form during cooling, and, instead of a ternary iron-carbon -silicon eutectic, 
two independent cementites crystallise- one a silico-carbide, and the other 
carbide of iron possibly containing a little silicide in solid solution. The micro- 
examination of the cold alloys, to v/hi(‘h a little sulphur had previously been 
added when the metals were melted, led to the conclusion that it is the carbo- 
silico-cementite which primarily crystallises. 

8. There is evidence that the primary carbo-silicides are exceedingly unstable 
and are the first to decompose into graphite and silico-austenite. 

9. In the absence of any sensible quantity of phosphorus, two cementites form 
— one the silico-carbide cementite, the other the carbide cementite — and these 
crystallise together as a eutectic mixture. 

10. The exact composition of the two cementites has not yet been determined, 

as no chemical method has been found for their isolation. * 

11. It is evident that it is the exceedingly unstable character of the silico- 
carbides which is responsible for the greynoss of commercial metals rich in 
silicon and low in sulphur. 

12. filicide of iron when heated at 1000° C. with pure white iron free from 
silicon effects the decomposition of the carbide of the white iron. Based on this 
observation the hypothesis seems justifiable, in cases where all the silicon present 
in hypo-eutectic alloys crystallises out with the primary austenite, that after the 
carbide has solidified, diffusion of the silicide follows, and this leads to the 
decomposition of the carbide of iron into graphite and iron. 

13. Many of the results arrived at by chemical analysis support the hypo- 
thetical conclusions of Gontermann, who depended mainly on data obtained by 
thermal methods df treatment. 

In conclusion, it will be clear from whiit I have slated that there are many 
gaps yet to be filled. I hope that the knowledge of this fact will lead others 
to follow up the research, which, in its present stage, is far from complete. 

Note. — The terms airbido cementite and silico cementite are used tentatively. 
Strictly, there is only one cementite and that is FjC. 


FlilDAY, SEPTFMnFn 2. 

John Meeting with Section J, 
Disemsion on Cowhustion , — See Reports, p. 501. 


MONDAY, SEPT KM BE n 5. 

Joint Discussion with Sections I and K on the Biochemistry of 
Bes'piration , — See p. 762. 

The following Paper was then read ; — 

On the Influence of the Pressure, Humidity, and Tem'peraiure of the Atmo- 
sphere on the rate of Metabolism in Animals, By Wm. Thomson. 

Briefly stated, a rise in the barometric pressure or a rise in the humidity of 
the atmosphere produces a lowering in the percentage of CO, in the exhaled air, 
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whilst a fall in the pressure or a fall in the degree of humidity produces an 
increase in the percentage of the CO 2 in the exhaled air. 

Different’ individuals exhale air having different ranges as regards the per- 
centage of COj. Thus one man, W. W. (38), breathing Manchester air under 
normal conditions gave between 3*7 and 4*3 per cent. CO^ ; N. T. F. (21) from 
3*6 to 4*3 ; I. W. (22) 5*4 to 6*2; and B. S. (a boy of 14), from 4*2 to 6-3. 

Experiments were also made with guinea pigs and with mice. These were put 
under a bell-jar, fresh air being led in at the top and withdrawn from the 
bottom, the air being passed finally through a delicate gas-meter by means of a 
water vacuum pump. The air passed throucb a litre bottle before and after 

Itviving the boll -jar. The were detm-inincd in ejwh by baryta water ^standard 

solution). Generally apanking the* .same risoa and falls in the grammes of CO 3 
per kilo, weight of animal were obtained from them as from ourselves when they 
were under similar atmospheric conditions. The higher the temperature of the 
air the lower the percentage of CO^ in the exhaled air, and vice versd. 

Joint Discussion with Section L on the Neglect of Science hy Industry 
and Co^nmerce} — Opened hy R. Blair. 

TUKflDAY, FiKPTEMnER 6. 

First Division. 

The following Papers and Report were read : — 

1. On a Fourth Becalescence in Steel, By Professor J. 0. Arnold. 

2. Allotropy or Transmutation ? By Professor Henry M. Howe, LL.B, 

If after defining * elements’ as substances hitherto indivisible, and different 
elements as those which differ in any one property, and after asserting 
that the elements cannot be transmuted into each other, we art; confronted with 
the change from diamond into lampblack, and with the facts, first, that each is 
clearly indivisible hitherto and hence an element, and, second, that they differ in 
every property, we try to escape in a circle by saying that they are not different 
elements because they do change into each other.* In short, we limit the name 

* element ’ to indivisible substances which cannot be transmuted into each other, 
and we define those which do transmute as ipso facto one element, and then we 
say that the elements cannot be transmuted, /s not this very like saying that, 
if you call a calf’s fail a leg, then a calf has five legs? And if it is just to reply 
that calling a tail a leg does not make it a leg, is it not equally just to reply 
that calling two transmutable elements one element docs not make them so ? 

Is the fact that two such transmutable elements yield but a single line of 
derivatives really proof that they are one element? Is not this rather proof of 
the readiness, indeed irresistibleness, of their transmutation? Does not this 
simply mean that the dcrivativelcss element, whenever it enters into combination, 
solution, or the gaseous state, inevitably transmutes into the one whicli has 
derivatives? Does not the theory that a given change is allotropy, rather than 
transmutation need further and more conclusive evidence before it can he taken as 
proved ? 

We have become so accustomed to the present point of view that it seems to 
us second nature; but, if we look frankly at it, is it a tenable or philosophical 
point of view ? ‘ 

This question is not without a practical application. If, instead of saying 

* The elements cannot be transmuted into each other,* we were to say * Hitherto 
no elements have been transmuted into each other except those which transmute 
60 readily that the derivatives of only one of them have been recognised,’ we 
should take a point of view from which the transmutation of, say, copper into 
lithium ceases to be so improbable antecedently as to call for extraordinarily 
conclusive evidence. 


> See Tht School World, October 1910. 
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3. The Closing and Welding of Blowholes in Steel Ingots. 

By Professor Henby M. Howe, LL.D. 

In the solidification of molten or liquid substances, especially thoeo of high 
melting-point, two classes of cavities are likely to form : gas bubbles called 
‘blowholes,* and a central contraction cavity called a ‘pipe.* 

The blowholes represent (a) the progressive concentration in the molten or 
liquid mother mass of the gases initially present, a concentration carried on to 
supersaturation, and to the liberation of part of this gas from the supersaturated 
layers; and perhaps {b) in some cases, such as that of the solidification of steel 
ingots, iKo iormatiem ol a gas from cV\etnicvv\ reaction Wongivt aViont by iaW of 
temperature or by passage from the licpiid to tiie solid state. In tbo case of steoA 
ingots there are indications that carbonic oxide is thus fovniod during solidification 
by the union of carbon and oxygen present side by side in the molten metal. 

The formation of the central ‘pipe* is due to the cooling, and hence 
contraction of the different layers of the mass moliotachically, i.e., at different 
rates inter se. In the first stages of solidification the very outside of the mass, 
especially if it is cast in a cold iron mould, cools much faster than the still 
deeper seated layers. The early excess of contraction of the skin, caused by this 
excess of cooling, is resisted by the lagging interior, with the result that the 
skin is virtually stretched beyond its normal dimensions, so that when 
solidification is complete the interior, which in the latter pai’t o{ the cooling 
has to cool through a greater range of temperature and hence has to contract more 
than the*skin, no longer siifiices to fill that skin completely, and this deficit 
of volume of the interior is represented by a central cavity overlying the region 
in which the last of the solidification occurs. This same excess of contraction of 
the earth’s crust in its early stages should later throw that crust into great 
compression, which may be an important element in volcanic and earthquake 
phenomena. 

Blowholes themselves tend in effect to expand the volume of the interior as 
a whole without changing the volume enclosed by the skin — /.c., the outer 
dimensions and thus to lessen the deficit or pipe. 

In case of steel ingots this pipe may reach very deep into iho axis, and, 
because it is hard to work up, may compel us to disregard as much as one- third 
of the ingot in order to get sound unpiped met{il. To avoid this some makers 
of steel of a composition favourable to welding have purposely allowed blowholes 
to form rather abundantly, so |us to prevent the formation of a pipe, and, relying 
on the ease with which such steel welds, have tried to get flawless metal by 
welding these blowholes up in the process of rolling the ingot out into its final 
form, such as that of a boiler plate. 

This procedure is of great ecctiomic importance, in that it enables the steel- 
maker to avoid the serious discarding which would be necessary in case his 
ingots were free from blowholes and hence deeply piped. But many intelligent 
metallurgists have condemned this practice on the ground that the closing of 
blowholes is impossible, because the gas which they contain must remain ever 
present during the rolling, though of course somewhat cornf)ress<^*d. 

In some late investigations I have carried out two lines of inquiry as to 
whether the gas of the blowholes is qualitatively absorbable and whether the 
sides of the blowholes themselves are qualitatively weldable under the conditions 
of actual masiufacture. Both lines proceed by comparing the metal in slabs cut 
from the original ingot without rolling, with metal cut from a boiler plate into 
which that same ingot was rolled, and cut in such a way as to separate and 
distinguish those parts of the metal in the plate which had originally been porous 
when in the ingot from those which had originally been compact. 

The first line showed that the enormous differences in density which existed 
between the porous and the compact parts of the ingot were practically completely 
obliterated in rolling the metal down into a boiler plate. In one case the initial 
difference of 16 per cent, in density was completely removed; in the other the 
initial difference of 10 per cent, in density was reduced to one-fiftieth its original 
quantity. 

This tended strongly to confirm the strong antecedent probability that the 
blowhole gases could be reabsorbed during the rolling process, thanks to its 
high temperature and pressure. 
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The second line of inquiry disclosed what traces of blowholes remained in 
the boiler plate by cutting very thin slices lengthwise and crosswise from that 
plate, mirror>polishing them, and then bending them double in such a way that 
any blowhole traces present ought to gape open like the cards of a bent pack. 
Had there been no welding of blowholes this bending should have disclosed 
unwelded eeams about 3.5 inches long and 1.3 inch wide. In point of fact 
the traces detected were so short as to indicate strongly that a very great degree 
of welding had occurred. It had seemed to me extremely probable, antecedently, 
that such welding ought to occur; but here some very competent writers had 
differed from me. The longest single trace was 0’7 inch long. Only one 
important * string * of such traces was found and this was only 0-3 inch long. 
Further the scantiness of these relics of blowholes tends to show that the blowhole 
gases have been reabsorbed by the metal to a very great degree. I suggest that 
such relics of V>\o'who\es as have persisted represent in most cases spots where 
tho reabsatpiiijn of the gas has become complete aEtur the tcmpcTature has faWon 
too loiy to permit welding. 1 therefore suggest prolonging the exposure to a 
temperature abov^e the welding-point, so as to complete the reabsorption of gas 
while the metal is still weldable. 

The reabsorption of the blowhole gases and the welding of the blowholes 
ought to be pi-omoted rather by the practice of * reheating * than by that of 
‘ direct rolling.* In the former the ingot is rolled part way towards its final shape, 
and the resultant ‘bloom’ is then reheated before further rolling; in the latter 
the ingot is rolled to its final shape, such as a rail or a boiler plate, at a single 
heat. During the ciirly part of the rolling the metal surrounding each "blowhole 
should become strongly charged with gas reabsorbed from that blowhole because 
of the enormous pressure caased by rolling. To reheat the bloom exposes it for 
a long time lo a high temperature in the heating furnace, during which time the 
gas dissolved in the metal immediately' around the blowhole has an opportunity 
to diffuse away, leaving that metal free to absorb a new lot of gas from the 
blowhole. And further, ihe high teniperatupe of the rolling immediately after this 
reheating facilitates both the f urther absorption and outward diffusion of whatever 
gas remains in the blowholes and the welding up of their sides. 


4. The Provident Use of Coal. By Professor H. E. Armstrong, F.R.S. 

5. The Influence of Chemical Composition and Thermal TrcaimeM on 
Properties of SteeL By Professor A. McWilliam, A.ILS.M., M.Mct. 

Sheffield is pre-eminently the home of tlis manufacture of special steels, 
and she attains her ends by strict attention to ultimate chemical composition, 
by insuring tho presence of the most desirable amounts of beneficial substances, 
and the practicable minimum of deleterious contents, be they the well-understood, 
such as sulphur and phosphorus, or tlic more or less mysterious, .such as oxygen ; 
and also to those thermal changes called heat treatment, that are produced, 
sometimes slowly, as in annealing, sonieiime.s suddenly, as in quenching, and 
that vary the chemical composition or the physical nature of the several con- 
stituents, and the mechanical and other properties of their aggregate, the finislied 
steel. Carbon is the chief of the elements that are varied to obtain the different 
properties required in steels, and typical examples were given of the change in 
properties produced by the gradual increiisc in the content of carbon, which, 
at least in normal steels, is present as carbide of iron (Fe,G). Other elements 
are added to vjiry the properties of the steel, probably mainly by their influence 
on the nature, the cx)m position, or the distribution of the carbide in the steel. 
Tho properties of a series of steels with varying carbon contents, but containing 
in addition about one per cent, manganese, were shown, and a similar series con- 
taining two per cent, chromium, all from results quite recently obtained by the 
author and Mr. £. J. Barnes. Examples of steels of similar carbon contents 
containing (1) no s]3c<!ial element, (2) one per cent, manganese, (3) two per cent, 
chromium, (4) vanadium and chromium, (5) nickel and chromium, were tabulated 
lo show the c'omparative influence of these various additions. 

Tho effects of such heat treatments as long annealing and quenching, followed 
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by tempering at different temperatures, on selected examples of tbe above special 
steelfi were explained, and finally comparative tables with carbon contents and 
heat treatments as nearly alike as could be selected, and varying only in the 
special element added, to show the very considerable and abiding influence of 
the fundamental chemical composition. Photo-micrographs of the more interest- 
ing types were also exhibited and described. 


6. Ferro-Silicon ; vrith special reference to Possible Danger arising from its 
Transport and, Storage, By Dr. S. M. Copeman, F,K,S. 

The possibility of danger to life from the transport of fcrro-silicon (an alloy 
OT eutectic mixture ot ireii and siUcou employed \u the mauuiacture oi steely 
had already received oWlclal atteutlou Irv this country through a * 'Notice to 
iShipowneTB, iShipmasterB, and Shippers ’ issued by the Board of Trade in Sep- 
tember 1907, but the magnitude of the risks involved in the treatment of this 
material, and the need for more stringent regulations, was strikingly demonstrated 
by the death of five Russian immigrants on board the s.s. * Ashton ’ in December 
1908, during this ship’s voyage from Antwerp to Grimsby. Inquiries made on 
behalf of the Local Government Board into this occurrence brought to light a 
number of previous accidents in connection with the transport of ferro-silicon, 
and after conference with the Home Office and the Board of Trade the full 
investigation of the subject was entrusted to Dr. Copeman, with whom sub- 
sequenuy Mr. S. R. Bennett, one of H.M. Inspectors of Factories, and Dr. 
Wilson Hake, Lecturer on Chemistry at Westminster Hospital, collaborated. 

Among tho accidents known to have occurred from the handling or transport 
of forro-silicon may be mentioned the explosion of consignments enclosed in iron 
drums, the I'erro-silicjon in which contained about 54 or 55 per cent, of silicon. 
But more important and much more frequent than these are the well-authenti- 
cated cases of sudden illness and death caused by the gases evolved from certain 
cargoes of ferro-silicon, full details of which are set out in an official report 
recently presented to both Houses of Parliament. 

Low-grade ferrt)-silicon — i.e., an alloy containing not more than 16 per cent, 
of silicon — ^is made in blast furnaces to a considerable extent in this country; 
but the high-grade variety, containing from 25 to 95 per cent, of silicon, can 
only be produced at the high .temperatures attainable in the electric furnace. 
The latter variety is irnyMirted from certain districts in France, and, to a less 
extent, from Austria, Scandinavia, &c., where ample electrical energy ^ deriv- 
able at a low cost from water power. About 4,001) tons of Ibis matorial are said, 
to be imported annually into EnJ^land, and, as serious inconvenience to ste(‘l 
manufacturers is being caused by the jx>fu.sal of shipping films to carry it, there 
is great need for regulations permitting its transport under defined conditions 
which will obviate accident. 

The electrically produced or high-grade ferro-silicon has in recent years 
displaced in large nieaisure the blast-furnace variety in the manufacture of the 
better qualities of steel, and as an outcome of this change the dangers of noxious 
fumes from the high-grade variety have gradually been realised. Manufacturers 
and chemists, in tho light of their special experience, have come to the con- 
clusion that it is solely or chiefly the 50 per cent, variety of the high-grade 
material which is thus dangerous. But that the matter is in reality considerably 
more complicated is indicated by the results of Dr. Hake’s chemical researches. 
It should, however, be added that some of the firms concerned have recognised 
the importance of porosity and liability to disintegrate as factors in the ready 
evolution of poisonous fumes, and the French Commission draw attention, in 
their report, to the safety of compact alloys. It is evident, however, that at 
present, unless and until sharp lines can be drawn between the different amounts 
of gas evolved from different samples of ferro-silicon under similar circum- 
stances, it Is impracticable with certainty to distinguish, among any of the 
higher percentage varieties of ferro-silicon, between safety and danger. Never- 
theless the recommendations suggested by t^e writer, and now officially adopted 
by the Board of Trade, will probably prevent the occurrence of future accidents 
in the transport of ferro-silicon. They comprise the need for ascertaining that 
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the ferro-silicon has been broken into pieces of the size in 'which it is usually 
sold some time before being taken on board ship; the marking in bold letters 
of the. certified percentage grade of each consignment on the barrel or other 
receptacle, and the date of manufacture; the prohibition of conveyance of ferro- 
silicon on passenger vessels; and the adoption of certain precautions during 
transport in cargo boats. 

7. The Corrosion of Iron and Steel, By J, Newton Friend. 

During the last few years the consumption of iron for structural purposes has 
largely increased. New steel bridges are being (jonstantly erected, and reinforced 
concrete is now meeting with an ever-increasing demand. Unfortunately, how- 
ever, iron is very liable to decay through corrosion, and the loss entailed thereby 
is enormous; for not only must our new structures be built more solidly than 
would otherwise be necessary, but many of our old structures have to be rebuilt 
with fresh metal, which is both costly and wasteful. 

The importance of understanding the underlying causes of corrosion can 
therefore be scarcely exaggerated. Two rival theories have been suggested. 
The one, known as the electrolytic theory, assumes that pure oxygen (or air) 
and pure liquid water atone are necessary to effect the rusting of pure iron. 
According to the acid theory, however, such is not the case, the presence of at 
least traces of an acid, either free or combined with a base, being essential to 
corrosion. 

Hitherto no investigator has succeeded in devising an apparatus, absolutely 
free from objection, by means of which a decision could be arrived at between 
these two rival theories. The author, however, described a simple form of 
apparatus by means of whi(;h the correctness of the acid theory is established. 



A small steel cylinder is closed at one end, the open end being plugged with 
an indiarubber bung, through which two glass tubes pass in such a manner that 
cold water can be circulated through them, and thus keep the steel cylinder cool. 
The whole is now susi)ended in a flask and securely fixed in position by an 
indiarubber bung, which closes the mouth of the fla.sk. This latter contains 
about 100 c.c. (t.P., 3 oz.) of strong caustic potash solution, and the pressure of 
Iho air inside is reduced to about half an atmosphere. On placing the flask in a 
water-bath at 100“ C. some pure water distils from the potash solution in a 
con8t<ant stream on the steel cylinder, and drips off, thus washing it entirely free 
from alkali. After a few hours we thus have pure air, pure water, and steel 
in contact, but no rusting occurs. ^ 

If the alkali is replaced by water, however, ru.sting occurs with great vigour 
in a very short time, owing to the presence of traces of carbon dioxide and other 
acid vapours normally occurring in distilled water and the atmo.sphere of a, 
laboratory. 

8. The Influence of Heat Treatment on the Corrosion, Solubility, and Solu- 
tion Pressures of Steel. By Cyril C.uappell arid Frank Hodson. 

The authors decided to conduct a research on the above lines, at no previous 
work has dealt with the inilucnce of heat trcatnicnt on the corrodibility of steel 
in a solution like .sea-water. They also wished to obtain some definite data as to 
whether the solubility of steel in dilute sulphuric acid is a correct measure of 
its liability to corrosion in sea- water. 

The steels used were commercial Bessemer steels of ascending carbon per- 
centage (supplied by Professor McWilliam), and standard pieces were subjected 
to the following typical heat treatments : hardening, normalising, rolling, and 
annealing. 

Two types of test were carried out : — 

(а) Simple Corrosion. — The loss in weight was determined after immersion 
in sea-water, out of contact with any other metal, for 28, 66, and 112 days 
respectively. 

(б) Galvanic Corrosion. — ^This was tested in sea- water in galvanic connection 
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■witVi R^ediah bar iron. The E.M.P. between the two metals was accurately 
determined by a galvanometer. This test is really, therefore, a modified solution 
pressure-test, and was employed by Andrews in his standard reseimhes on 
corrosion. 

The simple corrosion results show that an annealed steel is least liable to 
corrosion and hardened steels most liable. A general increase in corrodibility is 
noticed with an increase of carbon percentage in steel. 

The galvanic corrosion results show that when a steel is in contact with pure 
iron the corrodibility (as indicated by strength and direction of current) ie in 
the following increasing order : Hardened, rolled, normalised, annealed. 

Solubility tests were determined in one and two p'^.r cent, sulphuric acid for 
72 hours, each strength of acid giving similar types of curve. 

Those results show to a marked degree the influence of both heat treatment 
and composition. The relative position of the curves are, however, in exactly 
the reverse order from that found in the case of simple corrosion which would 
not be the case if solubility in acid were merely an accelerated corrosion test. 
The special feature of the solubility curves is the point at 45 per cent, carbon 
(which is also slightly marked in the corrodibility curves), and which has been 
previously noted by Messrs. Heyn and Bauer. 

The solution pressure of each steel was separately determined in each of the 
three following solutions : Sea- water, one per cent, sulphuric acid, and slightly 
acidulated N/10 ferrous sulphate solution. The influence of heat tr&atment is in 
each case very marked, the effect produced being practically the same in every 
case, the annealed and rolled stools having the highest solution pressures, the 
normalised intermediate, and the hardened steels the lowest values. 

A comparison of the corrodibility and solubility curves indicates, in the first 
place, that the solubility results cannot bo accepted as indicative of the relative 
corrodibilities of the steels in such solutions as sca-watcr, whereas, for example, 
an annealed steel is much more soluble in dilute sulphuric acid than the same 
steel in the hardened condition; yet, when subjected to a simple corrosion test 
in sea-water the hardened steel is found, on the contrary, to corrode much more 
than the annealed steel. So that although a dilute acid test is of value for 
certain purposes, ^yet these results show it to be unreliable as a guide to the 
corrodibility of steel in such solutions as soa-water. 

The goneriil influence of heat treatment on the various properties examined 
is found to be the same in the case of solubility, solution pressure (in all three 
solutions), and the galvanic ot^rrosion results. In the simple corrosion results, 
however, treatment exerts practically the opposite eft'ect to that found in above- 
mentioned tests. 0 

The results obtained suggest t^e probability that the solution pressure is the 
governing factor in the solubility of steel in dilute sulphuric acid, its influence 
being modified by auto-electrolytic actions due to constituents and stresses (set 
up by treatment) in the steel. Consideration of simple corrosion results suggests 
‘that the solution pressure only plays a secondary part in corrosion, the principal 
factor being the auto-electrolytic action in the steel itself. 

Marked breaks in the continuity of the curves appear in every case at about 
0’3 per cent, and 0*75 per cent, carbon; the latter break suggests the likelihoed 
of another peak having its maximum at the saturation point of the steel. We 
cannot at present account for the break at 0’3 per cent, carbon, but further 
work is intended on the influence of carbon and other elements on corrosion, 
which wo anticipate will elucidate this matter. 

Although heat treatment exerts considerable influence on corrosion, it 
cannot be expected to make up for the defects duo to segregation or inferior 
material. 


9 . The Crystalline Structure of Iron at High Temperatures. 

By Walter Eosenhain, B.A., I).Sc. 

The immediate object of the experiments was to study the mode of deforma- 
tion of iron and steel under stresses applied to the metal at high temperatures. 
The principal questions to be decided were, whether at high temperatures the 
mode of deformation wae still of a strictly crystalline character, such as that 
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which has been observed at ordinary temperatures, and whether the allotropic 
transformations of iron affect its behaviour under strain. The method of Ewing 
and Eosenhain for observing the effects of strain on metals consists in preparing 
a properly polished surface on a specimen of suitable shape, and subsequently 
exposing the specimen to plastic deformation, the changes in the microscopic 
features of the surface being studied during, and more especially after, the 
application of the strain. In order to apply this method to hot metal it was 
necessary to devise means for heating the specimens in such a manner that even 
at teiniwratures well alxivo 1000° C. the original iwlished Buriac.e would remain 
free from oxidation. The method adopted was tiiat of heating the specimen elec- 
trically in a very high vacuum, and in this way specimens could be heated up to 
1100^ C. without injury to the surfaces. For the purpose of applying the desired 
strain to the specimen while heated in vacuo, an apparatus was devised whereby 
a compressed spring could be released at any desired moment by electrically fusing 
a wire which had kept the spring compressed; by means of a suitably arranged 
lever the release of this spring was caused to strain the specimen to any desired 
extent, while the operation could take place when the specimen had attained any 
desired temperature. The actual temperature of the specimen was determined 
by attaching to the rear or unpolished side minute particles of various salts of 
known fusion points and observing which of them had melted. The specimens 
used in this apparatus were thin, short strips of sheet metal, and as these were 
heated by a direct electric current passing through them, the ends of the speci- 
men remained a good deal colder than the middle, owing to the conduction of 
heat from these ends into the comparatively massive frame of the apparatus. In 
this way strain was applied to a strip of metal varying continuously in tempera- 
ture from the middle towards each end. 

The material used for the earlier experiments was a pure variety of very mild 
steel such as that employed for transformer-sheets, but this had been annealed in 
hydrogen in order to remove all traces of oxide. Subsequently other materials — 
all of them approximating in composition to pure iron — were employed, notably 
some specially prepared electrolytic iron of a very high degree of purity. The 
photo-micrographs accompanying the paper showed that the behaviour of these 
different materials was closely similar. 

Before describing the effects of strain, the effects of simple heating in vacuo 
must be considered, since this alone produces changes in the surface appear- 
ance. Those portions heated up to the Ac, point (770^ C. in one of the materials 
used) show no changes ; those portions which had attained a temperature between 
Ac, and Ac^ (d41° C. in one of the materials) show a double system of boundaries 
due to tiie volume-change which iron undergoes on passing through the change 
from the a to the state. Those parts of the specimen which had been heated 
above Ac, showed, particularly in cases where the vacuum had not been as high 
as possible, a slight amount of tinting duo to oxidation, and this revealed a third 
structure superposed on the jB structure just mentioned and (in the case of etched 
specimens) on the original a .strnc,ture. This last, which is the structure of y iron, 
shows the characteristic twinned structure of this material. 

The effects of strain indicated the three regions of temperature corresponding 
to the three allotropic forms of iron in a veiy definite manner. In the region of 
a iron observation shows that on passing along the specimen in the direction of 
increasing temperature the amount of deformation, as evidenced by the number 
and depth of the slip-bands formed, increases steadily, but the slip-bands retain 
the curved and forked appearance characteristic of a iron. The amount of 
deformation increases rapidly with increasing temperature until at a point of the 
specimen coinciding with the a /3 transformation, the signs of deformation cease 
quite abruptly. For a short length of the specimen there are no slip-bands, and 
the material appears to have undergone no plastic deformation. On passing to 
still hotter portions of the specimen, slip-bands again appear, and when the 
region of 7 iron is reached the bands again become numerous, but now show the 
regular, rectilinear character and the characteristic features of twinned crystals, 
thus differing very strikingly from the slip-bands seen in a iron. 

The conclusions drawn from the observations here indicated are 

1. That iron at temperatures up to 1100^ C. behaves as a crystalline aggregate 
and undergoes plastic deformation by a process of slip on the cleavage or gliding 
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planes of its constituent crystal; this may or may not be accompanied by 
mechanical twinning. 

2 . That iion between the ordinary temperature and 1,000° C. exists in three 
distincif modifications possessing widely different mec'hanical properties, and that 
the temperature-ranges in which these modifications exist are consistent with 
the identification of these three modifications with the a, 3 , and 7 forms of iron, 
according to the allotropic theory of Osmond and Roberts- Austen. 

3. That 3 iron, although existing at a higher temperature, is markedly 
stronger and harder than a irgn, and that the a |3 transformation involves a 
volume-change . 

4. That 7 iron as found in approximately pure iron at high temperatures 
possesses the characteristic structure and some of the properties of * 7 iron ’ as 
found ill certain alloy steels. 

Incidentally, the demonstration of the real existence of a hard 3 modification 
of iron at high temperatures serves to prove the correctness of the contention that 
the failure to harden pure iron by (jiienching is duo to the difliciilty of inhibiting 
the 3 = a transformation by ra[iid cooling, except in the presence of carbon. 
The observed power of 3 iron to resist deformation at 8 (K)° C. under a stress 
which is sufficient to fracture the same section of a iron at a leniperafurc of 
750° C., taken together with the powerful stifleiiiiig efTect of a rise oF lcmj)era(uro 
of 750°, serves to indicate that if 3 iron ronbf be preserved in existence at the 
ordinary Uunj^craturc, it woubl possess a very high degree of Imrdness and 
strength, probably quite comparable with that of hardened steel. 


10. Rej>ort on Electroanalysis , — Fee Reports, p. 71). 

Second Division. 

The following Papers and Reports were read : — 

1. An Instance illustrating the Relative Inslahilities of the Trimcthjlene 
Ring as compared with the Tetrainethylene Ring, By Dr. J. F. Thorpe, 

F.R.S, 

2. The Elimination of a Carboxelhyl Group during the Closing of the Five- 
Membered Ring, By A. D. Mitchell and Dr. J. F. Thorpe, F,^t,S, 

3. The Molecular Complexity of Nitrosoamines, By W. E. S. Turnej? 

and E. W. Merry. 

The alipheatic nitix) compounds are known to exist in the liquid condition in 
a complex molecular condition, and it was an interesting question whether this 
property of giving rise to molecular complexes was shared by the nitroso com- 
pounds. The high dielectric constant of dimethyl nitiosoainiiie suggests the 
probability that this substance was a molecularly complex one. 

Measurements were made of the surface energy of three nitrosoamines, the 
results showing that the aliphatic nitrosoamines are associated liquids, whilst 
the aromatic compounds, like the aromatic nitrites and nitro compounds, are non- 
associated. 

The a-ssociation in dimethyliiitrosoaminc is very much less than that in 
acetamide, a substance whose dielectric constant is very little higher ihati that 
of the nitrosoaminc. 

4. Molecular Association in Water ^ illustrated by Substances containing 
the Hydroxyl Group. By W. E. S. Turner and C. J. Peddle. 

Until the recent work of Meldrum and Turner on the molecular weights of 
amides in water, the fact that molecular association may occur in aqueous 
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solution had not been generally recognised. Indeed, such afisociation is \iaxd\y 
lo be expected on account of the high dielectric constant of wate". 

The authors have found molecular association in water to be guile Mtensive 
among aromatic substances. Benzoic acid, for example, is associated in water 
even to a greater extent than in benzene. 

The view suggested by Meldrum and Turner, that the association in water may 
be accounted for by supposing the molecular complexes to undergo dissociation, 
is borne out by the results now obtained in water and by others in ethyl alcohol 
as solvent, in which normal substances, such asL benzyl and diphenylamine, are 
apparently associated. * 

5. The Problem of Molecular Association : L The Affinities of the 
Halogen Elements, By W. E. S. Turner. 

The author undertook a criticism of Abegg's and other recent theories of 
valency, in so far as these theories attempt to account for molecular association 
and for the existence of and formation of molecular compounds. The paper 
embodied the results of the determination, in solution, of the molecular weights 
of fifty to sixty halogen-containing substances of different types, the examination 
of mixtures of such halogen compounds, and of iodine and these compounds, and 
included a review of the molecular weights of all types of halogen- containing 
bodies. 

It was shown that molecmlar association occurs only when the halogen com- 
pound is an electrolyte, that there is no special virtue in the halogen elements — 
such as the existence of a large number of contra or residual valencies — neither 
is there any virtue in the halogen ion differentiating it from other ions. Thus it 
was shown that, in neutral solvents, nitrates are strongly associated. 

Throughout it was demonstrated that molecular association in neutral solvents 
is the reciprocal of the supposed electrolytic dissociation in the dissociating 
solvents. The question of the origin of the electrical forces which appear on 
* ionisation ’ was also raised. 

Formation of molecular compounds was shown, except possibly in the case 
of the periodidcs, not to be duo to the same forces which bring almut molecular 
association in an individual substance. 

Lastly, the parallel which exists between the extent of association and the 
conducting power in a solvent was shown to be a close one in the case of tho 

halogen-containing substances. , 

— .. ^ 

,, C. Formation of Tolane Derivatives from Benzotrichhrides. 

By Dr. J. Kenner and^E, Witham. 

7. The Nitro Chloro and the Dwhlorotoluene SuVphonic Acids. 

By Dr. J. Kenner and Professor W, P. Wynne, F.R.S, 

8. The Action of Metals upon Alcohols, By Dr. P. M. Perkin. 

9. Report on Dynamic Isomerism. — ^Scc Keports, p. 80. 


10. Report on Aromatic Nitroamines , — See Reports, p. 82. 


11. Report on the Study of Isomorphous Stdphomc Derivatives of 
Benzene . — See Reports, p. 100. 

12. Report on the Study of Ilydroaromatic Substances . — See Reports, p. 82. 
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SUB-SECTION OE AGBICULTUBE. 
Chairman. A. D. Hall, M.A., F.E.S. 


THURSDAY, SEPTEMBER 1. 

The Chairman delivered the following Address : — 

I BELIEVE it is customary for anyone who has the honour of presiding over a 
section of the Britisl^ Association to provide in his presidential address either a 
review of the current progress of his subject or an account of some large piece 
of investigation by which he himself has illuminated it. 1 wish I had 
anything of the latter kind which I could consider worthy to occupy your atten- 
tion for the time at my disposal; and as to a review of the subject, I am not 
without hopes that the sectional meetings themselves will provide all that is 
necessary in the way of a general review of what is going forward in our de'part- 
ment of science. 1 have, therefore, chosen instead to deal from an historic point 
of view with the opinions which have prevailed about one central fact, and I pro- 
pose to set before you this morning an account of the ebb and flow of'^ideas as to 
the causes of the fertility of the soil, a question which has naturally occupied the 
attention of everyone who has exercised his reason upon matters connected with 
agriculture. The fertility of the soil is perhaps a vague title, but by it I intend to 
signify the greater or less power which a piece of land possesses of producing 
crops under cultivation, or, again, the causes which make one piece of land yield 
large crops when another piece alongside only yields small ones, differences which 
are so real that a farmer will pay three or even four pounds an acre rent for some 
land, whereas he will regard other as dear at ten shillings an acre. 

If we go back to the seventeenth century, which we may take .os the beginning 
of organised science, we shall find that men were concerned with two asf)ects of 
the question — how the plant itself gains its increase in size, and, secondly, what 
the soil does towards supplying the material constituting the plant. The first 
* experiment we have recorded is that of Van Helmont, who placed 200 lb. of dried 
earth in a tub, and planted therein a willow tree weighing 5 lb. After five years 
the willow tree weighed 169 lb. D oz., whereas the soil when redried had lost but ' 
2 oz., though the surface had been carefully protected meantime with a cover of 
tin. Van Helmont concluded that he had demonstrated a transformation o^ water 
into the material of the tree. Boyle repeated these experiments, growing 
pumpkins and cucumbers in weighca earth and obtaining similar results, except 
when his gardener lost the figures, an experience that has been repeated. Boyle 
also distilled his pumpkins, &c., and obtained therefrom various tars and oils, 
charcoal and ash, from which he concluded that a real transmutation had been 
effected, ‘ that salt, spirit, earth, and even oil (though that be thought of all bodies 
the most opposite to water) may be produced out of water.* 

There were not, however, wanting among Boyle*s contemporaries men who 
pointed out that spring water used for the growing plants in these experiments 
contained abuiidance of dissolved matcriiU, but in the then state of chemistry the 
discussion as to the origin of the carbonaceous material in the plant could only be 
verbal. Boyle himself does not appear to have given any consideration to the 
part played by the soil in the nutrition of plants, but finiong his contemporaries 
experiment was not lacking. Some instinct seems to have led them to regard 
nitre as one of the sources of fertility, and we find that Sir Kenelm Digby, at 
Gresham College in 1660, at a meeting of the Society for Promoting Philo- 
sophical Knowledge by Experiment, in a lecture on the vegetation of plants, 
describes an experiment in which he watered young barley plants with a weak 
solution of nitre and found that their growth was promoted thereby; and John 
Mayow, that brilliant Oxford man whose early death cost so much to the young 
science of chemistry, went even further, for, after discussing the growth of nitre 
in soils, he pointed out that it must be this salt which feeds the plant, because 
none is to be extracted from soils in which plants are growing. So general 



672 


'fRANSAOTIONS OF SUB-SEOTION B. 


has this association of nitre with the fertility of soils become that in 1675 
John Evelyn writes : ‘ I firmly believe that where saltpetre can be ob- 
tained in plenty we should not need to find other composts to apieliorate 
our ground * ; and Henshaw. of University College, one of the first members 
of the Royal Society, also writes about saltpetre : * I am convinced indeed that 
the salt which is found in vegetables and animals is but the nitre which is 
so universally diffused through all the elements (and must therefore make the 
chief ingredient in their nutriment, and by consequence all their generation,) 
a little altered from its first complexion.* 

Rut these promising beginnings of the theory of plant nutrition came to no 
fruition; the Oxford movement in the seventeenth century was but the false 
dawn of science. At its close the human mind, which had looked out of doors 
for some relief from the fierce religious controversy with which it had been so 
long engrossed, turned indoors again and went to sleep for another century. 
Mayow*s work was forgotten, and it was not until Priestley and Lavoisier, De 
Saussure, j.nd others, about, the l)eginning of the nineteenth century, arrivc<l at 
a sound idea of what the air is and docs that it liecamc possible to build afresh 
a sound theory of the nutrition of tho plant. At this time the atten- 
tion ‘ of those who thought about the soil was chiefly fixed upon tho 
hiiiniis. Tt was obvious that any rich soils, such as old gardens and 
the valuable alluvial lands, contained large quantities of organic mafter, 
and it betaine somewhat natural to associate the excellence of these fat, 
unctuous soils with the organic matter they contained. It was recognised that 
the main part of a plant consisted of carbon, so that the deduction seemed obvious 
that the soils rich in carbon yielded those fatty, oily substances which we now 
call humus to the plant, and that their richness depended upon how much of 
such material they had at their disposal. But by about 1840 it had been definitely 
settled what the plant is composed of and whence it derives its nutriment — tho 
carbon compounds which constitute nine-tenths of the dry weight from the air, 
the nitrogen, and the ash from the soil. Little as ho had contributed to the 
discovery, Liebig’s brilliant expositions and the weight of his authority had 
driven this broad theory of plant nutrition home to men’s minds; a science of 
agricultural chemistry had been founded, and such questions as the function of 
(ho soil with regard to the plant could be studied with some prospect of success. 
By this time also methods of analysis had been so far improved that some 
quantitative idea could be obtained as to what is present in soil and plant, and, 
naturally enough, tho first theory to be framed was that the soil’s fertility was 
determined by its content of those materials which are taken from it by the crop. 
As the supply of air from which the plant derives its carbonaceous substance is 
unlimited, the extent of growth would seem ^ depend upon the supply available 
of the other constituents which have to bo provided by the soil. It was 
Daubeny, Professor of Botany and Rural Economy at Oxford, and the real 
founder of a science of agriculture in this country, who first pointed out the 
enormous difference between the amount of plant food in the soil and that taken 
out by tho crop. In a paper published in the ‘Philosophical Transactions* in 
1845, being the Bakerian Lecture fur that year, Uaubeny described a long series 
of experiments that he had carried out in the Botanic Garden at Oxford, wherein 
he cultivated various plants, some grown continuously on tho same plot and others 
in a rotation. Aftci-wanls he compared the amount of plant food removed by the 
crops with that remaining in the soil. IXanbeny obtained the results with 
which wo are now familiar, that any normal soil contains the material for 

ffoni fifty to a hundred field crops. If, then, the growth of the plant depends 
upon the amount of this material it can get from the soil, why is that growth so 
limited, and why should it be increased by tbe Bn|»piy of mannro, wbicb only 

adds a trifle to the vast stores of plant food already in the soil? For example, 
a turnip crop will only take away about 30 lb. per acre of phosphoric acid from a 
soil which may contain about 3,(XK) lb. an aero; yet, unless to the soil about 60 lb. 
of phosphoric acid in the shape of manure is added, hardly any turnips at all will 
bo grown. Uaubeny then arrived at tho idea of a distinction between the active 
and dormant plant food in the soil. The chief stock of these materials, he con- 
cluded, was combined in tho soil in some form that kept it from the plant, and 
only a small proportion from time to time became eoluble and available for food. 
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He took a further step, and attempted to determine the proportion of the plant 
food which can be regarded as active. He argued tluit since plants only take in 
niateriajs in a dissolved form, and aa the great natural solvent is water percolaling 
through the soil more or less charged with carbon dioxide, therefore in water 
charged with carbon dioxide he would find a solvent which would extract out of a 
soil just that material which can be ivgardcd as active and available for the plant. 
Jn this way he attacked his Jlotanic Garden soils and compared the malerials 
so dissolved with the amount taken away by his crops. • The results, however, 
were inconclusive and did not hold out much hope that the ferlility of the soil 
could be nie.‘isured by the amount of available plant food so determined. Daubeny’s 
paper was forgotten, but exactly the same line of argument was revived again 
about twenty years ago, and all over the world investigators lK\gan to try to 
measure the fertility of the soil by determining as ‘available’ plant food the 
phosphoric acid and potash that con id be extracted by some weak acid. A largo 
number of different acids were tried, and although a dilute solutimi of citric 
acid is at present the most generally accepted solvent I am still of opinion that 
wo shall come biick to the water charged with carbon dioxide as the only solvent 
of its kind for which any justification can bo found. Whatever solvent, how- 
ever, is employed to extract from the soil its available plant food, ihe results fail 
to determine the fertility of the soil, because we are measuring but- one of the 
factors in plant production, and that often a comparatively minor one. In fact, 
some investigators— Whitney and his colleagues in the American department of 
Agriculture -have gone so far as to suppose that the actual amount of plant food 
in the soil is a matter of indifference. They argue that as a plant feeds upon the 
soil water, and as that soil water must be equally saturated with, say, phosphoric 
acid, whether the soil contains 1,000 lb. or 3,000 lb. 2ior acre of the comparatively 
insoluble calcium and iron salts of phosphoric, acid which occur in the soil, the 
plant must be under equal conditions as regards phosphoric acid whatever the 
soil in which it may be grown. This argument is. however, a Tittle more suited 
to controversy than to real life; it is too fiercxdy logical for the things them- 
selves and depends upon \arious assunifdioiis holding rigorously, whereas wc 
have more reason to believe thnt they are only imperfect approximations to the 
truth, ytill this view does merit our careful attention, because it insists that 
the chief factor in plant production mn.st be the supply of water to the plant, 
and th.at soils differ from one another far more in their ability to maintain a good 
supply of water than in the amount of plant food they contain. Even in a 
climate like our own, which the textbooks describe as ‘humid’ and we are apt 
to call ’ wet,’ the magnitude of our crops is more often limited by want' of water 
than by any other single factor, 'fhe same American investigators have more 
recently engrafted on to their theory another supposilion, that the fertility of 
soil is often determined by excretions from the plants themselves, which thereby 
poison the land for a renewed growl h of the same crop, though the toxin may be 
harmless to a different plant whicli ffdlows it in the rotation. This theory had 
also been examined by Daiibeny, and the arguments ho advanced against it in 
lft45 are valid to this day. Schreiner has indcc'd isolated a number of organic 
substances from soils — di-hydroxystearic acid and picolino-carboxylic acid were 
the first examples- which ho claims to bo Iho products of y)lant growth and 
toxic to the further growth of the same plants. The evidence of toxicity as 
determined by water-cultures inquires, however, the greatest care in interpreta- 
tion, and it* is very doubtful how far it can be apjdied to soils with their great 
power of precipitating or otherwise, putting out of aclion soluble substances 
with which they may be supplied. Moroovor, there arc as yet no data to show 
whether these so-called toxic substances are not normal jjroductB of bacterial 
action upon organic residues in the soil, and as such just as abundant in fertile 
soils rich ill organic matter as in iho supposed sterile soils fvon^ wluch thoy 

were extracted. 

As then we have failed to base a theory of fertility on ihe plant food that we 
can trace in the soil by analysis let us c*ome back to Mayow^ and Digby and con- 
sider again the nitre in the soil, how it is formed and how renewed. Their views 
of the value of nitrates to the plant were justified when the systematic study of 
plant-nutrition began, and demonstrated that plants can only obtain their supply 
of the indispensable element nitrogen when it is presented in the form of a nitratej 

1910. P P 
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but it was not until within the last thirty years that we obtained an idea as to how 
the nitre came to be found. The oxidation of ammonia and other organic com- 
pounds of nitrogen to the state of nitrate was one of the first actions in the toiI 
which was proved to be brought about by bacteria, and by the .work of Sch^esing 
and Muntz, Wariiigton, and Winogradsky we learnt that in- all cultivated soils 
two groups of bacteria exist which successively oxidise ammonia to nitrites and 
nitrates, in which latter state the nitrogen is available for the plant. These same 
investigators showed that the rate at which nitrification takes place is largely 
dependent upon operations under the control of the farmer : the more thorough 
the cultivation, the better the drainage and aeration, and the higher the tempera- 
ture of the soil the more rapidly will the nitrjitcs be produced. As it was then 
considered that the plant could only assimilate nitrogen in t^ form of nitrates, 
and as nitrogen is the prime oloment neexsssary to nutrition, it was then an easy 
step to regard the fertility of the soil as determined by the rate at which it would 
give rise to nitrates. Thus the bacteria of nitrification became regarded as a 
factor, and a very large factor, in fertility. This new view of the importance of 
the living organisms contained in the soil further explained the value of the 
surface soil, and demolished the fallacy which leads people instinctively to regard 
the good soil as lying deep and requiring to be brought to the surface by the labour 
of the cultivator. This confusion between mining and agriculture pfobably 
originated in the quasi-moral idea that the more work you do the better the result 
will 1)0 ; but jts application to practice with the aid of a steam plough in the days 
before bacteria wore thought of ruined some of the clay soils of the Midlands 
for the next half-century. Not only is the subsoil deficient in humus, which is 
the accumulated debris of previous applications of manure and vegetation, but 
the humus is the home of the bacteria whi(*h have so much to do with fertility. 

The discovery of nitrification was only tho first step in the elucidation of many 
actions in the soil depending upon bacteria — for example, the fixation gf nitrogen 
itself. A supply of combined nitrogen in some form or other is absolutely indispens- 
able to plants and, in their turn, to animals ; yet, though wo live in contact with a 
vast reservoir of free nitrogen gas in the shape of the atmosphere, until compara- 
tively recently we knew of no natural process except the lightning flash which 
would bring such nitrogen into combination. Plants take combined nitrogen from 
the soil, and either give it back again or pass it on to animals. The process, how- 
ever, is only a cyclic one, and neither plants nor animals are able to bring in fresh 
material into the account. As the world must have started with all its nitrogen 
in the form of gas it was difficult to see how Jhe initial stock of combined 
nitrogen could have arisen; for that reason many of the earlier investigators 
laboured to demonstrate that plants themselves were capable of fixing and bring- 
ing into ^.ombination the free gas in the atmosphere. In this demonstration they 
failed, though they brought to light a numlier Cf facts which were impossible to 
explain and only became cleared up when, in 1886, Ilellrcigel and Wilfarth 
showed that certain bac;teria, which exist upon the roots of leguminous plants, 
like clover and beans, are capable of drawing nitrogen from the atmosphere. 
Thus they not only feed tho plant on which they live, but they actually enrich 
the soil for future crops by the nitrogen they leave behind in the roots and 
stubble of the leguminous crop. Long before this discovery experience had taught 
farmers the very special value of these leguminous crops ; the Roman farmer was 
well aware of their enriching action, which is enshrined in the well-known words 
in the Georgies beginning, ‘ Aut ibi flava seres/ whore Virgil says that the wheat 
grows best where before the bean, the slender vetch, or the bitter lupin had been 
most luxuriant. Since the discovery of the nitrogen-fixing organisms associated 
with leguminous plants other species have been found resident in the soil which 
are capable of gathering combined nitrogen without the assistance of any host 
plant, provided only they are supplied with carbonaceous material as a source of 
energy whereby to effect the combination of the nitrogen. To one of these 
organisms we may with some confidence attribute the accumulation of the vast 
stores of combined nitrogen contained in the black virgin soils of places like 
Manitoba and the Russian steppes. At Rothamsted we have found that the plot 
on the permanent wheat field which never receives any manure has been losing 
nitrogen at a rate which almost exactly represents the differences between the 
annual removal of the crop and the receipts of combined nitrogen in the rain. We 
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can further postulate only a very small fixation of nitrogen to balance the other 
comparatively small losses in the drainage water or in the weeds that are removed ; 
but on a neighbouring plot which has been left waste for the last quarter of a 
century, so that the annual vegetation of grass and other herbage falls back to the 
soil, there has been an accumulation of nitrogen representing the annual fixation 
of nearly a hundred pounds per acre. The fixation by the azotoharter has been 
possible on this plot, because there alone does the soil receive a supply of carbo- 
hydrate, by the combustion in which the azotohnvter obtained the energy necessary 
to bring the nitrogen into combination. On the uninanured plot the crop is so 
largely removed that the little root and stubble remaining does not provide 
material for much fixation. 

Though numerous attempts have been made to correlate the fertility of the 
soil with the numbers of this or that bacterium existing therein, no general 
succees has been attained, because probably we measure a factor which is only 
on occasion the determining factor in the production of the crop. Meantime onr 
sen&e of the complexity of the actions going on in the soil has been sharpened by 
the discovery of another factor, affecting in the first ])Iiicc the bacterial flora in 
the soil and, as a consequence, its fertility. Kver eince the existence of bacteria 
has been recognised attempts have been made lo obtain soils in a sterile condition, 
and observations have been from time to time recorded to the effect that soil 
which has been heated to the temperature of boiling water, in order to destroy any 
bacteria it may contain, had thereby gained greatly in fertility, a:> though sonic 
large addition of fertiliser had been made to it. Though these observations have 
been repeated in various times and places they were gcncrjilly ignored, because 
of the difficulty of forming any explanation : a fact is not a fact until it fits into 
a theory. Not only is sterilisation by heating thus effective, but other anti- 
septics, like chloroform and carbon bisulphide vapour, give rise to a similar result. 
For example, you wdll remember how the vineyards of Fiirope were devastated 
some thirty years ago by the attacks of phylloxera, and though in a general way 
the disease has been conquered by the introduction of a hardy Aincri(vin vino 
stock which resists the attack of the insect, in manj^ of the finest vineyards the 
owners have feared to risk any possible cliangc in the (juality of the grape through 
the introduction of the new stock, and have resorted instead to a system of 
killing the parasite by injecting carbon bisulphide into the soil. An Alsatian vine- 
grower who had treated his vineyards by this method observed that an increase 
of crop followed the treatment even in cases where no attack of phylloxera was 
in question. Other observati&ns of a similar chara<ter w<*rc al.so reported, and 
within the last five years the subject has recciv6.d some considerable attention until 
the facts bec'aine establi.shed beyond question. Apfnoximately the crop becomes 
doubled if the soil has first l)ccn heated to a temperature of 70° to 1(XJ° for 
two hours, while treatment for Torty-eight hours with the vapour of toluene, 
tihlorofonn, &c., followed bj^ a rcmplete volatilisation of the anti.soptie, brings 
about an increase of 30 per cent, or so. Moreover, when the material so grown 
is analysed, the plants are found to have taken very njuch larger quantities of 
nitrogen and other plant foods from the treated soil; hence the increase of 
growth must bo due to larger nutriment and not to more stimulus. The explana- 
tion, however, remained in doubt until it has been recently cleared up by 
Drs. Russell and Hutchinson, working in the Rothamsted laboratory. In the 
first place, they found that the soil which had been put through the treatment 
was chemically characterised by an exceptional accuin illation of ammonia, to 
an extent that would account for the increased fertility. At the same time 
it was also found that the treatment did not affect complete sterilisation of the 
soil, though it caused at the outset a gR>at reduction in the numbers of bacteria 
present. This reduction was only temporary, for as .soon as the soil was watered 
and left to itself the bacteria increased to a degree that is never attained 
under normal conditions. For example, one of the Rothamsted soils em- 
ployed contains normally about .seven million bacteria per gram — a number which 
remains comparatively constant under ordinary conditions. Ifcating reduced the 
luimWs to 400 per gram, but four days later they had risen to six million, after 
which fhey increased to over forty million per gram. When the soil was treated 
with toluene a similar variation in the number of bacteria was observed. The 
accumulation of ammonia in the treated soils was accounted for by this increa.se 
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in tho nuiiil)cr of bacteria, because the two processes went on at about the same 
rate. Some rearrangements were effected also in the nature of the bacterial flora ; 
for example, the group causing nitrification was eliminated, though no substantial 
change was effected in the distribution of tho other types. The bacteria which 
remained were chiefly of the class which split up organic nitrogen compounds 
into ammonia, find as the nitrate-making organisms which normally transform 
ammonia in the soil as fast as it is produced had been killed off by the treatment, 
it was possible for the ammonia to accumulate. The question now remaining 
was, What had given this tremendous stimulus to the multiplication of the 
ammonia-making ba-cteria? and by various steps, which need not hero be enume- 
ratvil, tliG two iiive.stigalor.s reached the conclusion that the cause was not to bo 
sought in any stitnulus supplied by tho he.ating process, but that the normal soil 
contained some negative factor which limited the midtiplication of the bacteria 
therein. Examination along tliesc lines then showed that all soils contain unsus- 
pected groups of large organisms of the protozoa class, which feed upon living 
bacteria. These are killed off by heating or treatment by antiseptics, and on their 
removal tho bsu toria, which partially escape the treatment and are now relieved 
from attack, increase to the enormous degree tliat we have specified Accord- 
ing to this theory the fertility of a s<»il containing a given store of nitrogen 
compounds is limited by the rate at which these nitrogen compounds ran be 
converted int(j ammonia, which, in its turn, doy^ends upon the number of bacteria 
present effecting the change, and these nundiers arc kept down by the larger 
organisms preying upon the bacteria. 'J'hc larger organisms can be removed by 
suitable treatment, whereupon a new level of ammonia-production, and therefore 
of fertility, is rapidly attained. Curiously enough one of the nio.st striking of 
the larger organisms is an amoeba akin to the white corpuscles of the blood— the 
phagocytes, which, aci'ording to Metchnikoff’s theory, preserve us from fever 
and inflammation by devouring such intrusive bacteria as find entrance in the 
blood. Tho two cases are, however, reversed : in the blood the bacteria are 
deadly, and the amoeba therefore beneficial, whereas in the soil the bacteria are 
indispensable and the amoeba liecome noxious beasts of prey. 

vSince the publication of those views of the functions of protozoa in the soil 
confirmatory evidence has been derived from various sourcesi For example, 
men who grow cucumbers, tomatoes, and other plants under glass arc accustomed 
to make up extremely rich soils for the intensive c-ultiire they practise, but, 
despite the enormous amount of manure they employ, they find it impossible to 
use the same soil for more than two years, 'i’hen they arc compelled to intro- 
diiro soil newly taken from a field and enriched with fresh manure. Several of 
these groVers here have observed that a good baking of this used soil restores its 
value again; in fact, it becomes too rich and brgins to supply the plant with an 
excessive amount of nitrogen. It has also been pointed out that it was the custom 
of certain of the llombay tribes to burn vegetable rubbish mixed as far as possible 
with the surface soil before sowing their crop, and the value of this practice in 
European agriculture, though forgotten, is still on record in the books on Roman 
agriculturo. We can go back to the Georgies again, and there find an account of 
a method of healing the soil before sowing, which has only received its explana- 
tion within tho last year, but which in so.uc form or other has got to find its way 
back again into the routine of agriculture. Indeed, I am informed that one 
of the early mysteries, many of which we know to be bound up with the practices 
of agriculture, culminated in a process of firing the soil, preparatory to sowing 
the crop. 

My time has run out, and I fear that the longer I go on the less you will feel 
that I am presenting you with any solution of the problem with which we set 
oiitr-'What is the cause of the fertility of the soil?’ Evidently there is no 
simple solution; there is no single factor to which we can point as i/te cause; 
instead we have indicated a number of factors any one of which may at a given 
time l)ccome a limiting f.actor and determine the growth of the plant. All that 
science can do as yet is to aecei-tain the existence of these factors one by one 
and bring them successively under control; but, though we have been able to 
increase production in various directions, we are .still far from being able to 
disentangle all tho interacting forces whose resultant is represented by the crop. 
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One other point, I trust, my sketch may have suggested to you : when science, 
a child of barely a century’s growth, comes to deal with a fundamental art like 
agriculture, which goes back to the dawn of the race, it should begin humbly 
by accepting and trying to interpret the long chain of tradition. It is unsafe for 
science to be dogmatic; the principles upon which it relics for its conclusions 
are often no more than first approximations to the truth, and the want of 
parallelism, which can be neglected in the laboratory, gives rise to wide diver- 
gencies when introduced into the Vgions of practice. The method of science is, 
after all, only an extension of experience. What T have endeavoured to show in 
my address is the continuous thread which links the traditional practices of 
agriculture with the ipost modern developments of science. 


The following Papers were then read : — 

1. Im'purities in the Atmosphere of Towns and their Effects upon Vegetation, 
By Arthur G. Ruston, and Charles Crowthkr, M,A,, Ph.D, 

The atmospheric impurities in different parts of the city of Tjceds have been 
investigated by collecting samples of rfiin for a period of twelve nionthd (November 
11)07 to October 1908). ^Similar results arc given for the rainfall at the Manor 
Farm, Garforth, about seven and a half miles due east of the main industrial 
quarter of Leeds. The samples were collettod with funnels twelve inches in 
diameter, and were representative of the whole of the atmosplieric impurities, 
both soluble and insoluble, whether actually brought down by the rain or dc- 
posite<l at other times. The estimations made with the samples arc indicated 
in the following table : — 

Analgsis of liain Water, Leeds and Garforth, 

Total for Year, November Wityj to October 1908, expressed in Pounds per Acre, 
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Further investigations hiive been made as to the inliuence of the suspended 
impurities upon the amount and intensity of the light penetrating the atmosphere 
at the different stations. 

A three years’ experiment is recorded showing the influence of acid waters 
(including Leeds and Garforth rain) upon the growth of grass. The grasses 
have been grown in boxes, each one foot square, and subjected to precisely 
similar conditions with the exception of the acidity of the water supplied. 
Observations have been made of the effect upon the yield and composition of the 
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grasses and upon the micro -organic flora of tho soil. The results ilircct attention 
especially to the following points 

(a) 77ie high amounts of suspended mailers in town air, — This is not only 
directly injurious tq vegetation in blocking up a largo proportion of the stomata 
of leaves, but exercises also a considerable influence upon the amount and intensity 
of the solar radiation placed at the service of town vegetation. The injury due 
to the former cause is greatly aggravated by the sticky nature of much of the 
suspended matter (tar, &c.), and is most markedly seen in the case of evergreen 
plants, conifers being the mo.st susceptible. The characteristic sunk stomata of 
these latter plants, whilst serving admirably for the restriction of transpiration, 
net as traps for the solid matters suspended in the atmosphere. Some leaves 
have b(Mm found to have as many as 80 per cent, of their stomata so blocked. 
The well-known detrimental effect of the gaseous products of combustion of coal 
nf)on the growth of these plants is thereby intensified. Conifers cannot be grown 
with oven moderate success iu Leeds, except upon tlio northernmost verge where 
the atmospheric impurities reach their minimum. 

(b) The, relatively high acidity of town rain, esjicrially in the industrial 
districts. — ^The investigations show that the rain falling in practically every part 
of the city is distinctly acid. The injurious effect of this acid upon vegetation, 
as illustrated by the growth of grass, is brought out clearly by the experiments. 
The injury is probably partly direct, but it is shown to be due in part to the 
cft’cct of the acid upon the micro-organic flora of the soil. The reduced yield, 
lower protein- con tent, and increased fibre-content of the grass grown under acid 
(londitions is a matter of .serious import for the farmers in semi-urban districts. 


2 . Some Troublesome Diseases of the Potato Tuber. 

By A. S. Horne, JS.Sc., F.G.S. 

Some years ago a disease of the potato tuber, due neither to Phytoph thorn 
infestans nor Vusariuni soluni, was described by Frank under the name Buiit- 
werden or Eisenfleckigkeit, which possessed only internal symptoms, taking the 
form of brownish blotches or streaks in the flesh. Corresponding to Buntwerden 
are the types known in Britain as internal disease and sprain (streak-disease), 
the flesh being marked with blotches and streaks respectively. The markings 
in both cases are constant for largo samples of potatoes of a known variety and 
have received separate consideration, since it has not yet been shown that they 
are duo ^ the same cause. No hyphal organism is present in typically affected 
tubers — if pathogenic organisms are responsiljje for the disease, they are pro- 
bably bacteria. Diseased seed-tubers are liable to propagate the disease. 

Internal disease is often associated with Phytoph thora infestans (from the 
soil). The tubers in a given sample affected with blotches only show no external 
marks, but others of the same sample with the complication can be detected 
at a glance. When the tuber is cut open there is generally a peripheral zone of 
the fungus, whilst the central portion is blotched. 

In spite of Frank’s description of two types of an attack of Phytophthora, 
that type which consists of an attack upon the tuber from the soil, which, in 
the north of Enghand and in Scotland often takea the form of a joint incursion 
of Ptiytophthora and bacteria, is considerably neglected in some parts of the 
country, although responsible for extensive damage to crops. Spraying, although 
perhaps beneficial to the plant, is not a proper remedy, since the disease is as bad 
under healthy as under unhealthy tops. Affected tubers when examined imme- 
diately after removal from tho soil show a peripheral zone of disease, but the 
stalk end is frequently quite clean. In microscope sections the fungus and motile 
bacteria can be seen in the intercellular spaces and the points of entry of the 
organisms concerned can be traced. 

Another form of disease which appears towards the middle of the storage 
period is locally known as bruise. No pathogenic organisms have yet been recog- 
nised, but, in any case, the disease leans strongly towards the physiological side, 
since it seems to be eliminated by a suitable change of soil and climate. 
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3 . A Preliminary Note on the Fatty Substances in Oat Kernel. 

By Professor B. A. Berry, Ph.D. 

It has been shown by Maxwell, Schulze, Hoppe-Seyler^ and others that the 
ether extract of plants may contain, in addition to the oil, other bodies such as 
waxes, hydrocarbons, colouring bodies, lecithin, cholesterins, &c., in varying 
amounts, and that prolonged digestion with the solvent is necessary for the 
extraction of the oil from seeds. Dry oat kernel was subjected to repeated 
five-hour extractions with different solvents, 5 grs. in duplicate or quadruplicate 
being taken in each case, with the result that ether, chloroform, light B.P. 
petroleum ether, and carbon tetrachloride extracted over 95 per cent., absolute 
alcohol 92*5 per cent., benzene 89*24 per cent., and acetone 88*9 per cent, of the 
total extract in the first of three five-hour extractions. The ether extractions 
were repeated six times, and the last extraction still gave an increase of 1*7 per 
cent. The oil from the chloroform and alcohol extract was turbid ; in the rest 
it was clear. Invariably the second and third extractions were partly solid. 
In the case of chloroform it was a clear crystalline solid. The residual meal after 
the thirty-hour ether extraction was extracted for a further five hours with 
absolute alcohol, and yielded 0*083 gr. extract; and the residual meal from the 
fifteen-hour alcohol extract yielded, with a further five hours* extractions with 
ether, 0*004 gr. extract. The former was composed mostly of lecithin. Taking 
the total ether extract of three five-hour extractions .as 100, tho ratio for the 
other solvents obtained in the same way are : Petroleum ether 97*07, carbon 
tetrachloride 104*24, chloroform 109*78, acetone 112*71, benzene 1 13*15, absolute 
alcohol 127*93. 

Pure dry ether, compared with ordinary ether, with a fifloeii-hour extraction 
yielded the following results calculated as percentiiges of tho dry meal : — 

Dry Kthor Ordinary I'^tlior 

Dry meal 0*25 9*43 

Air-dry meal 9*40 9*72 

Dry ether and dry me.al yield tho purer oil. 

Oat oil from the dry ether extract gives a saponification equivalent of 266, 
potash absorption 21*2 per cent., iodine absorption 99*9 per cent. ; and it contains 
4 per cent, of free fatty acids calculated as oleic acid. With nitrous acid a solid 
claiden was formed. 

The greater part of the lead salts of tho fatty acids wero soluble in ether, 
and yielded fatty acids liquid at the ordinary temper.ature, with a mean combining 
weight of 254 and iodine absorption of 106. The fatty acids from the insoluble 
lead s.alts were solid. Small amounts of unsaponifiable matter were found in all 
the extracts. 


FRIDAY, HEPTEMUFU 2. 

The following Papers were read : — 

1 . Sugar-beet Growing and BcM-sugar Manufacture in England, 

By SiOMUND Stein. 

Sugar-beet growing in tho United Kingdom dates back to 1835, when sugar- 
beet was grown experimentally in Surrey. In 1853 a small beet-sugar factory 
was erected at Mount Mellick, Queen’s County, Ireland. Later, experiments were 
carried out in different parts of the country, and in 1867 Mr. Ciinipbell, of 
Buscot, near Faringdon, grew sugar beetroots on a more extensive scale. About 
1870 a beetjsugar factory was started at l>avenham, but it failed. Since then 
many experiments have lieen carried out by various agriculturists and scientists. 

During the last twenty years the author has carried out about four thousand 
sugar-beet growing experiments in practic.ally every county in England, Scotland, 
and Ireland. Thirty-six different seeds were used, including German, French, 
Austrian, Bussian, Dutch, and English. The average results show a yield of 
sugar-beet with leaves of 39 tons 5 cwt. per acre. The average yield of roots 
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without leaves was 17 tons 16 cwt. per acre, but in many cases 28, 30, and 36 tons 
of roots per acre were obtained. The author’s experiments on the Liverpool 
Corporation Sewage Farms in 1900 produced a yield of 43 tons of sugar-beet per 
acre. The average of tho sugar contenU was 37*65 per cent, in the roots and 
19*15 per cent, in the juice, but several samples contained 21 per cent, of sugar. 

Our climate is most suitable for root-growing, specially for sugar-beet. The 
ridiculous ‘sun fable’ was disputed many times by the author and others. In 
yoiira \yhon tlioro wjis a failuro o£ iVio beet t*,vop on the Continent he grew excellent 
rw6s 111 Kii^lund. His balance- sheet published sumo years ago shows that it 
costs 91. 16s. to grow an aero of sugar-beet. If tho farmer receives ll. per ton 
for his sugar-beet he will have a profit of 61. 10s. per acre. 

Tho demand for mangolds is limited, and the price varies. Sugar-beet, how- 
ever, is contracted for at a fixed price for five to ten years. Fanners will have a 
sure profit for years to conic. 

Sugar bounties were abolished by the Brussels Convention until 1933, and if 
the present sjgar policy be preserved by England the Convention will become a 
pennanent institulion. 

The consumption of sugar is increasing from year to year, and is caused 
(a) by the natural increase of the world’s population; (b) by the increased con- 
sumption of sugar owing to the abolition of the bounties ; (c) by the increase 
of education and intelligence. The consumption of sugar in England is 88 lb. 
per head per annum. Confectionery, marmalade, preserve, and mineral-water 
industries arc intercsled in it. Jf England does not begin to produce sugar, there 
will soon be a sugar famine. We require 500 factories, each costing 80,000/. ; 
so that 40,000,(X)0/. will be safely invested at home. We shall keep the 
2(),0tX),000/. at home which wo have .sent out year by year abroad. In the factories 
3 60, (XX) hands will be employed and hundreds of thousands indirectly. 

Jleet pulp is very valuable feeding material; 25,(XJ0,(X)0 tons of it are used 
annually on the Continent for rattle- feeding. Saturation lime is a valuable 
mamiro, supplied free or cheaply to the fanners. 

We have now experimented for seventy-five years; it is high time to utilise 
our experience and erect factories in every county. The author has indicated 
suitable sites in different localities, and preparations are alseady being made 
for the erection of btict-sugar f.actcries. U’he beet-sugar industry will lie a 
great and profitable industry, and will prove of immense benefit not only to British 
agriculture I)ut to the wliole population and the entire country. 


2! The Financial Aspect of the proposed Sugar-Beet Industry. 

By Gr. L. CoUKTHOPE, M.F. 

This paper dealt with the question from the three aspects of the nation, the 
farmer, and tho sugar manufacturer. Attention was directed to the fact that the 
imports of beet sugar liavo increased during the last thirty-five years from a 
negligible quantity to some 30,(XX),0(X) cwt. annually. There is no reason why 
this vast production should not' have been built up at home. Successive Goverii- 
montiS liave failed to foster the industry and have done nothing in connection 
with bounty-fed competition from abroad. With the acceptance of the Brussels 
Convention the situation has completely changed. The doubt still remains as 
to whether any Excise duty will be placed upon the product of home factories, 
but various considerations render it unlikely that any such duty will bo imposed 
for some years to (!ome. The opinion was expressed that there would be little or 
no loss of revenue to the Treasury, since with existing taxation the contribution 
to tho Exchequer would be fully equal to the present import duty of Is. li)d. 
per cwt: so lon^ as tho wholesale price of sugar did not fall below 14s. Sd. 
per cwt., as agaanst current quotations varying from 20s. lO^d. to 22s. 

The author is of opinion that on any land which will grow a good crop of 
mangold, and is situated within reasonable distance from a factory, the farmer 
should be able to make an average annual profit of about 61. to 6/. 10s. per airre, 
in addition to receiving the ‘saturation lime' free, having an additional local 
supply of cheap cattle-food, and also the expectation of a bonus from the factory- 
in years of success. He would gain the two eminently desirable advantages of a 
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certain market and prompt payment for his crop. The * saturation lime* given 
gratis to the farmer contains all the chief manurial ingredients and is of distinct 
manurial value. The dried slices or piilp (the so-caJIed ‘ Protos ’) are said to 
possess a greater feeding-value than either hay, bran, barley, or the commonly 
used meals and cakes. 

From an examination of Continental experiences it is considered that a 
factory dealing with the produce of about 2,5C)0 acres is the most profitable. 
Such a factory would deal with, say, 36,000 to 50,01X) tons of roots during a 
campaign of not more than a hundred working days. Huildings and plant wonld 
cost 70,000Z. to 90,000i., according to the methods and machinery employed. In 
addition, the site has to be purchased, sidings constr acted, and roads made. The 
cost of the first depends upon local circumstances j the second, assuming the site 
to be close to a railway, would probably cost from 3,000Z. to 4,000/., and the 
third from 3/. to 4/. per yard run. The total cost of erecting, equipping, and 
starting such a factory is computed, at 120,000/. Assuming that the farmer is 
paid 185. per ton for his beet, and that the factory elTects a sale of 0,000 tons of 
granulated sugar at 14/. per ton, 5,000 tons of dried slices at 5/. per ton, and 
375 tons of molasses at 3/. 155. per ton, an estimated profit is arrived at of 
roughly 31,000/., or 25 per cent, upon the capital invested. 

3. The Fixation of Nitrogen hy Free Living Soil Bacteria. 

By Professor W. B. Bottomlky, M.A. 

Since the discovery of the Azotobacter group of nitrogen-fixing organisms by 
Bcijerinck in 1901 numerous attempts have been made, but with little success, 
to utilise these organisms for increasing the store of soil nitrogen. Gerlach and 
Vogel (1902) and Frcudenreich (1903) obtained negative results in soil experi- 
ments. Lipman (1904), experimenting with Az, liai jerinrki and Az. Vinefundii, 
found that out of ten experiments there was a loss of nitrogen in every case but 
one, and this showed a gain of only 4 mgs. 

Certain re^sults from inoculation experiments on clover with oats in 1907, and 
the discovery that species of Azotobacter and Pseudomonas are always found in 
association in the algal zone of the root-tubcrcIes of Cycas, suggested that a 
mixed culture of these organisms might be effective in fixing nitrogen in the soil. 

Pure cultures of the organisms obtained from Cycas rool-tuberclcs incubated 
for fifteen days at 24° C. gave tlie following : — 


J\Igs. N. ])cr unit 
Carl)oliy<l"Htc 
]>cr l(M)c.c. 

(.'ontrol 0*48 

Azotobacter 0*66 

Pseudomonas 0*91 

Azotobacter -j- Fseudomona.s ....... 1*24 


Hence Azotobacter and Pseudomonas fix more nitrogen f)er unit of carbo- 
hydrate when grown together than when grown separately. Further investigation 
showed that this increased fixation applied also to Azotobacter and Pseudomonas 
from ordinary soil and leguminous nodules respectively. Pure cultures grown in a 
solution consisting of mannite, 0*5 grm. ; maltose, 0*5 grm. ; potassium phosphate, 
0.1 grm. ; magnesium sulphate, 0.02 grm. per 1(K) c.c. of water, at 24° C. for ten 


days, gave the following averages : — 

Mgs. N. i)er 
KX) c.c. 

Control 0*53 

Azotobacter 2*19 • 

Pseudomonas 2*30 

Azotobacter 4- Pseudomonas 4*61 


Owing to the different cultural conditions prevailing in soil and culture solu- 
tions an attempt was made to acclimatise the pure cultures to ordinary soil 
conditions. About fourteen pounds of autoclaved garden soil was well moistened 
with the mixed culture and incubated for twenty-one days at 24° C. A culture 
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solution was th«n obtained by mixing 5 grm. of this inoculated soil in 100 c,c. of 
water with 1 grm. of sugar and incubating for twenty-four hours only; 50 c.c. 
of this solution were then applied to pets containing. 5 ounces of soil each, and 
incubated at 24° C. for ten days. The nitrogen determinations yielded : — 

Mgs. N. i)er 
JOO grm. 

Soil-f 50 c.c. distilled water , . ... . . . 324 

Soil-j-SO c.c. autoclaved culture 330 

Soil-f-50 c.c. living culture 359 

An increase of 35 mgs. nitrogen per 100 grm. of soil, which represents an increase 
of about 350 lb. of nitrogen per acre, taking an acre of soil 4 inches deep as 
weighing 1,000,000 lb. 

To further test the effect of the mixed culture (both pure culture and soil 
culture) under ordinary conditions on different soils a number of shallow plant- 
dishes, each containing 3 lb. of soil and inoculated with 300 c.c. of the culture, 
were kept in one of the greenhouses at the Chelsea Physic Gardens for fourteen 
days. Analyses of these gave the following averages ; — 


Soil A SoilB SoilC Soil!) 
Mgs. N. per 100 grm. Soil 


Control 

. 371 

375 

312 

402 

Pure culture 

. 403 

396 

336 

421 

Soil culture 

. 406 

395 

333 

424 

Increase, 

Pure culture 

. . 32 

21 

24 

19 

Soil culture 

. 35 

20 

21 

22 


Experiments in progress indicate that this fixed nitrogen is readily assimilated 
by plants, and crops are benefited by an application of the mixed culture. 

4 . Notes on the Nature of Nitrogen Fucation in the Rhol Nodules of 
Leguminous Plants. By John Golding, F.I.C. 

Nearly a quarter of a century has elapsed since Hellricgel and Wilfarth 
showed that leguminous plants are able to assimilate the free nitrogen of the 
atmosphere when nodules are developed on their roots ; but the problem of what 
takes place in the root nodule is still unsolved. 

Numerous researches have led to the follSwing conclusions : — ' 

(1) That the plant is able to get all its nitrogen from the air of the soil, and 
that the quantity fixed is very largo. 

(2) That the nodule is the sejit of the process. 

(3) That fixation is accompanied with a change in the form of the organism, 
which invades the root hair as an infection thread, passes through a rod^shaped 
stage, and finally assumes the (Y) bacteroid form. 

(4) That practically each plant has its own nodule organism, and though the 
differences seldom amount to a difference of species, it takes a considerable time 
for the nodule organism of one plant to become adapted to another plant, and 
when so adapted it is not capable of infecting the plant from which it was first 
taken. 

(5) That this adaptation to a particular kind of plant is retained by the 
organism in the soil for a considerable period, during which assimilation, if it 
takes place at all, is much less than when the organism is in the nodule. 

The conditions which obtain in the nodule are as follows : — 

The acidity of the cell sap must be contended with. Nitrogenous products 
of growth must be removed at an early stage of development of the plant. The 
organism^ must be fed with some carbohydrate, to give it the necessary energy to 
fix the nitrogen. Some limiting factor must restrict the number and size of the 
nodules. Chemical differences must exist between the roots of nearly related 
plants to which the organisms must be very sensitive. The atmospheric conditions 
obtaining in the nodule may also differ from those in artificial cultures. 
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The study of the behaviour of. these organisms under controlled conditions 
of artificial culture, approximating as far as possible to the natural conditions, 
indicates a solution of the problem in the near future. 

In some work on the subject. quantitative determinations of the nitrogen fixed 
have been the measure of advance) while in others the formation of bactcroids, 
or of slime, or even the power of infecting plants, has been taken to indicate an’ 
approach to natural conditions. 

A new method described and demonstrated for the first time indicates that 
it is the reaction of the medium which plays an important role in nitrogen- 
fixation. The cultures also disclose previously unobserved properties of the 
nodule organism. 

Previous work is summarised, indicating that it is not only the acidity of the 
root sap, but also the removal of the products of growth, the supply of carbo- 
hydrate, and the slime production wTiich must be regulated before artificial 
cultures of the organism can be expected to fix nitrogen to an extent comparable 
with that which takes place in the nodule. The ready adaptation of the organism 
to its environment must also bo borne in mind. 


MONDAY, SDPTDMBDJi 5. 

Joint Meeting with Section D, 

The following Paper was rciid : — 

The Part flayed by Micro-orga7iisms other 4han Bacteria in deUninining 
Soil Fertility. By E. J. IIussell, D.Sc., aiul H. B. Hutchinson, Ph.D. 

Partial sterilisation of soil by heat or treatment with volatile antiseptics such 
as toluene leads to a notable increase in productiveness. The authors find that 
shortly after the treatment has ceased there is a great increase in the rate at 
which plant food is formed byjbacteria and in the rate of nuiltiplication of tho 
bacteria. This increased activity is not brought about by any heightened vigour 
in the bacterial stock; on the contrary, it is shown that these organisms are 
actually weakened by tho treatment. It follows, then, that the environiiTent has 
been improved. « 

When some of the original untreated soil or an aqueous extract of tho soil is 
added to the partially sterilised soil there is at first a still greater increase in the 
bacterial activity. This has been traced to the addition of tho more vigorous 
organisms of the untreated soil. Later on there is evidence that a detrimental 
effect is produced where soil was added, but not from tho extract. It appears, 
then, that the untreated soil contained some injurious factor not washed out by 
water, which only slowly makes itself fell when introduced into a clean soil. This 
factor is put out of action by any poisonous organic vapour by healing to 52^ and 
similar means# 

It is difficult to account for the experimental results in any other way except 
by supposing that soil contains organisms capable of checking bacterial develop- 
ment. Such organisms must be larger than bacteria and not readily detached from 
the soil since they do not appear, or not to any extent, in an aqueous extract. 
Search for large organisms has revealed the presence in every soil so far exaTuined 
of amoebae or amoeboid organisms, of colopoda and other protozoa. It is shown 
that the mixed culture growing in hay infusion is capable of destroying bacteria. 
It has not yet, however, been possible to ascertain definitely whether these protozoa 
are active in the soil, although the conditions obtaining - an atmosphere saturated 
with water vapour and a film of water round the particles of soil — would seem to 
us favourable to their development. 
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The following Paper was read in Sub-Section B (Agriculture) : 

‘ Point-s ’ in Farm Livestock and their Value to the Scientific Breeder, 

By K. J. J. Mackenzie, M.A., A,S,I. 

Since Bake well (1725-95), a Leicestershire yeoman living at Dishley, improved 
the * Longhorn ’ breed of cattle and the ‘ Leicester ’ breed of sheep ^ through 
selection and * in and in breeding,* the advance in the value of British farm 
stock has been phenomenal. Almost simultaneously with Bakewcll’s improve- 
ments in breeding, the work of Jethro Tull and of Lord Charles Towiishend led 
to a new husbandry whereby it was possible to feed cattle and sheep liberally 
all through the year. It is possible that this latter fact had a great part in the 
improvement of livcstot k, and that some of the credit so often given solely to 
the breeder may be roaliy due to changed environment or conditions of nutrition. 

CUeiit economic results have accrued from the improvement in British breeds 
of fit nil livestock begun by Bakcwell, but carried on by others and applied by 
them' to oti.cr varicth's of cuttle, sheep, horses, and swine. In fact, during 
the last hundred years practically all the new countries of the world, as well as 
many of the older ones nearer us, have drawn on these islands for their pedigree 
livestock. This fact has played no small part in helping the British agricul- 
turist to tide over the great depression of the last quarter of the nineteenth 
century. It is remarkable that, notwithstanding a vast outlay in purchasing 
foundation stock and in getting men to manage it, a foreign demand for animals of 
the best type for breeding purposes still exists. 

Great as have been the results obtained in the past by British breeders of 
livestock, results which are possibly, as we have seen, partly due to improvements 
in general agriculture, there is hope of still further advance owing to the work 
of. those investigators who have followed up the discoveries of Mendel and others 
who have brought the mysteries of breeding within the scope of pure science. 
It seems likely that a closer study of those indications, spoken of as * points,* 
which Bakewell and his immediate, as well as his present-day, followers have 
used in their practical work, may be of value to the purely academic worker 
w^ho would bring the result of scientific research to bear upon the question of 
economic stock-breeding. ^ 

The investigation of such ‘ points * demands much research, for at present 
they are very vaguely defined, and breeders would seem, to a certain extent, to 
work by intuition rather than by definite knowledge. It would seem necessary, 
before the practical breeder can bo in a positioA to get help from men of science, 
to examine these ‘points* with care, so that : — 

(a) All the factors which are necessary for the development of any ono 
‘ point ^ may be ascertained. * 

(0) We may know whether the ‘points,* necessary for the development of 
any one particular form of usefulness, may be correlated with ‘ points * denoting 
utility of another sort. 

(r) We can ascertain whether ‘points* which empirical methods have fixed 
Upon as indications of certain useful faculties are, in fact, necessary to the 
development of those faculties, or whether they are simply due to fictitious 
considerations sometimes called * fancy.* 

The value of certain ‘ |)oints * supposed to indicate deep-milking properties 
was investigated by a study of Lord Rayleigh *8 herds, to whidi he kindly allowed 
the writer access. Forty of the best and forty of the worst milkers were 
measured, and the results woiked out by correlation methods. Although the 
investigation is not complete, it docs not appear so far that the ‘ points ’ are 
closely correlated with milk production. 

If it bo found possible by counting or weighing, or in any other accurate 
manner, to bring the ‘ points * sought for within the range of ascertained fact, 
it will greatly as.sist the men of science in suggesting improved systems of 
breeding to the stock-rearer. 

There are many other characteristics, such as ‘touch,* ‘constitution,* and 

‘kindliness/ upon which practical men rely, but which cannot be said to be 

well defined. Such characteristics are, however, held to be of the utmost 
importance, and it would seem well to investigate them. In fact, to ignore 
them may be to deprive of very useful help those who wish to emulate in the 
future the great improvement in the past. 
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Joint Meeting with Section C. 

The following Papers were read : — 

1. Soil Surveys for Agricultural Purposes. 

By A. D. Hall, F.B.S., and E. J. Russell, D.Sc, 

The object of a soil survey is to give an account of the soils of an area in their 
relation to the local agriculture. The methods adopted must be such that it^ is 
possible (1) to classify together soils of the same formation vrhich have similar 
agricultural properties, and differentiate between others with dissimilar pro- 
perties ; (2) to bring out clearly and unmistakably any connection that may 
exist between tyi>e of soil and special crops or special agricultural methods ; (3) to 
afford guidance as to crops that may succeed, or are not likely to do so; (4) to 
throw light on tho manurial requirements of the soils. 

The geological formation affords the best basis on which to carry out a soil 
survey. Whore fairly constant idiyssical and other conditions have obtained a 
fairly constant tyj^e of soil may be expected. Thus, in their survey of Kent, 
Sussex, and Surrey, the authors found that soils arising from the Bag.shot and 
Folkestone beds, althoiigli both light sands, possessed definite characteristics 
whereby it WiTS generally possible to distinguish them. In other cases gradual 
(diangcs can bo traced in passing along tho formation : thus, the Ifythe beds in 
the east contain a distinctly large projmrtion of the finest particles of soil, which 
becomes less and less in moving westwards. 

Considerable difficulty comes in, however, where tho fornivition is obscured by 
drift. 

Of tho various determinations made in the course of tho analysis, tho most 
important is the mechanical analysis whereby the j)articlcs are graded according 
to their sizes. For agricultural purposes the size of tlie soil particles is m<)ro 
significant than their actual composition. The finer particles of soil regulate the 
water-supply available for the plant, and profoundly influence tho tillage opera- 
tions; unless a sufficrient proportion is present the soil cannot be cultivated, but 
is left as waste, agriculturally speaking, though it may be valuable for building 
purposes. On the other hand, too great a proportion is detrimental, because it 
increases the difficulty of tillage. The coarser particles determine the openness 
and ‘lightness* of tho soil. A number of crops have very special soil require- 
ments, and aro only found in auy quantity on a yiarticiilar type of soil. It is 
possible to define these types over a given area by means of mechanical analysis. 

Account must always be taken of the other faitors determining the Avater- 
siipply, such as rainfall, topographical position, nature of the subsoil, &c. Tem- 
perature is equally important, and the altitude and exposure has also to be 
considered. 

Of the chemical determinations the total carbonafe is, perhaps, the most im- 
portant. Calcium carbonate is the commonest of these (compounds, and it acts 
in two ways ; it modifies the properties of the finer particles, making them more 
like coarser particles, and it prevents the soil from becoming acid. It is impos- 
sible to lay down any limits within which the carbonates must fall, an amount 
sufficient on a light sandy soil being wholly insufficient on a clay. Tho amount 
should increase pari passu with the amount of fine parti(;les. 

The amount and nature of the organic matter is important, and it is necessary 
to know whether free acid is present or not. Like calcium carbonate, humus 
modifies the properties of the finest particles. 

TJie inter-relationships between size of particles, water-supply, and amounts of 
calcium carbonate and organic matter cannot at present be reduced to any mathe- 
matical expression, and, owing to their complexity, certain field observations arc 
necessary. But it is usually y)OFsibIe to interpret the results with sufficient pre- 
cision for ordinary purposes. 

Of the bases, the amounts of alumina and of potash vary with the clay, but iron 
oxides do not necessarily. The proportion of ferrous to ferric iron is important 

as an indication of the amount of aeration in the soil 
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2. The Drift Soils of Norfolk. By L. F. Newman. 

The central and eastern parts pf Nerfolk are almost completely covered with 
drift, classified for mapping into three divisions by the Geological Survey 
Department : — 

1. Boulder clay. 

2. Sands and gravel. 

3. Loam and brick-earth. 

The soils of each, espc(;ially the boulder clay, vary very much in character 
and are extremely complicated, and small local differences occur even in soils 
resulting from the same tyfw of drift. The sand and gravel soils are very apt 
to be cemented together by iron, forming a solid sheet of rock out of reach of 
the plough. This holds the water up, and peaty patches may occur completely 
altering the agricultural character of the land. In soil derived from the solid 
chalk the lime is often completely dissolved, leaving the soil actually deficient 
in lime. 

Woodward, in his memoir of the north Norfolk districts, says : ‘Much of the 
soil of the central and western parts is of a changeable and mixed character, from 
the fact that the gravel and sand which originally extended over a very con- 
siderable part of it have left indication of their former presence in the soil.* 

And again: ‘The glacial drift of this Jirea comprises almost every kind of 
sedimentary and detrital fonnation, from chalk, mud, marl, clay, and loam, to 
sand, gravel, and boulder gravel. The map distinguishes as far as possible 
the marly and loamy beds from the sand and gravel; but at best this is a 
lithological division, and it is difficult to be consistently accurate even in this 
respect, for the beds give evidence of great disturbance and contortion, and also 
of abrupt change in lithological character. ... It is not possible to separate 
the gravel from the sand on the may), and even the boundary between tho brick- 
c^irtli and the marl or boulder clay is only approximate.* 

*J*he chalk outcroj)s along tho north co.'lsI, and tho resulting soils, which on 
the hilly parts are only about four inches deep, grow Die best barley in England. 
In the valleys, however, the soil is deeper, probably duo to a natural warping. 
A correlation of Ihose soils has yet to bo made out. 

Nearly all the surface drift is deficient in lime, and wherever the marl or 
chalky boulder clay is near the surfai'e it has been dug into for the purpose of 
carting it on to ihe land. Practically the whole country has for many years been 
under the Norfolk or four-course system of fiyming, a.nd this rather obscures 
the natural (‘apabilities of the land, hence tho crop returns are less valuable as 
an indication of soil character and fertility than is ii.sualiy tho case. 

In Making a soil survey the first stcyi is to make a preliminary tour, selecting 
samples from various parts, and afterwards #^)ing again over the land and taking 
a further scries to fill in details and complete the chain of results. 

Such a preliminary survey of the drift showed that tho loams and brick-earths 
had a strong likeness one to another. The percentages of tho finer particles 
decreased in each sample from east to west, which decrease was reflected in the 
gradual lowering of the rentals of the farms lying along the lines of sampling. 

The sand and gravel also fell into lines of : — 

1. High and low stone percentages. 

2. High and low per(x*ntages of coarse sand, the great quantity of which 

nuakes all the soils very open and indined to ‘burn.* • 

Much of tho gravel was under conifers or was common or waste land. 

Tho boulder clays showed very great variations, small areas showing similarity 
of composition but differing markedly from other areas a mile or so away. Tt 
would apt)6tir that a complete soil-map of the boulder clays would emphasise and 
explain some of the differences alluded to in the Memoirs of the Geological 
Survey. 


»3. The Scouring or ‘ Teart ’ Lands of Somerset. 

By C. T. Gimingham, F.J.C. 

In certain districts of mid-Somerset the herbage of much of the pasture land 
has the property of causing cattle feeding there to scour very seriously indeed 
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at certain times of the year. Such pastures are known locally as ^teart* or 
‘tart* land, and their presence considerably lowers the value of farms in the 
district. The area of land involved may be very roughly put down as fifteen 
thousand acres, and since the whblo of this part of Somerset is devoted to dairy 
farming and is nearly all pasture land-, it is a problem worthy of attention, to 
investigate the cause, and, if possible, to find some remedy for this condition. 

The extent to which the scouring properties of the herbage are developed varies 
greatly in different places. Scouring and sound pastures are often intermixed in 
a very intricate manner. It is therefore not possible to make any reliable estimate 
of the actual financial loss which may be put down to this difficulty. 

All kinds of cattle are affected, cow\s in milk being the worst sufferers. Lambs 
also scour badly. Sheep and horses, however, are exempt. 

Scouring is usually most prevalent in the autumn — when cattle are fed on the 
aftermath — and as a rule the more abundant the growth the more serious the 
trouble becomes, varying with the season. Also individual animals vary in the 
degree to which they may be affected. 

* Teart ’ land in Somerset is entirely confined to one geological formation, the 
Lower Lias. The typical surface soil on the Lower Lias here is an extremely 
stiff unyielding clay, with the blue or yellow lias clay subsoil not far below. 
Where this formation is obscured by deposits of alluvium or drift, giving rise to 
a soil of an entirely different type, the pa.siiireS are all quite sound. Tlie physical 
natures of the soils of adjoining sound and ‘teart* fields have been compared, and 
the results tend to show that this is a factor of much importance. 

So far it has not been found that the chemical composition of ihe herbage 
is peculiar in any way. 

Scouring on ‘teart’ land has been attributed to a variety of causes, among 
them the presence of some particular plant in the herbage, or a bad water-supply. 
Neither of these explanations, however, can bo substantiated. 

The usual result of the application of manures to ‘ teart. ’ pasture.s is to make 
matters worse with increased growth, and where large numbers of sheep arc fed 
in these fields the same result is noticed. On the other hand, the first two or 
three sharp frosts remove all tondent'y to cause scouring from the autumn herbage. 

It is possible to ascribe the peculiarities of ‘teart’ land cither (1) to the pro- 
duction of abnormal compounds in the herbage affecting the animal, directly or 
indirectly, by causing unusual fermentations to be sot up in the intestines; or (2) to 
a specific organism picked up from the grass or soil. Those two hypotheses were 
compared and discussed. 


TVESDA r, SEPTEMBER 6. 

The following Papers were read : — 

1. The Cost of a Day's Horse Labour, By A. D. Hall, M,A,, F,R,S, 

2. Costs in the Danish Systetn of Farming. 

By Christopher Turnor. 


Joint Disemsion with Section F on the Magnitude of Error in 
Agriculture Experiments, 

(i) Scientific Method in Experiment, 

By Professor H. E. Armstrong, F,It,S, 

(ii) The Interpretation of Experimental Results, 

By Professor T. B. Wood, M,A,^ and F. J. M. Stratton, M,A. 
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(iii) The Accuracy of Feeding Experiments, 

By Professor T. B. Wood, M,A., and A. B. Bruce. 

Tn the published results of feeding experiments on the comparative merits of 
different diets for cattle and sheep there is a tendency to base conclusions on the 
average result of a single experiment with a small number of animals without 
regard to the degree of variability between different individuals. 

If no regard be paid to individual variability it is desirable either to experi- 
ment with a larger numl)er of animals in each lot than has hitherto been customary, 
or to repeat the experiment several times. 

In the case of cattle a very usual number is six, and eight is praetically the 
maximum. A con.sideration of the published figures for individual animals 
justifies the assertion that these numbers arc so small that the average has very 
little weight. In fact, the individual variations are generally so large that it is 
doubtful whether trustworthy resulU can be obtained with fewer than twenty 
animals. 

A measure of the reliability of the mean result of iin experiment c^n bo 
obtained by cahnilating the probable error from the individual results. This is a 
iiicjLsurc of the variability, inasmuch as the figure gives the limits within which 
it is an even chance that the mean will lie. From a consideration of the figures 
obtaine<l in a feeding experiment carried out under the supervision of the 
Cambridge School it is shown how fallaciou.s any conclusivJiis based on the mean 
of a small uumher of animals may be. 

From a general review of feeding experiments it is suggested that an investiga- 
tion of the causes (and perhaps the heredity) of individual variations in the 
capjicity for fatti'iiing might be likely to lead to practical and useful results. 

In arranging feeding cxfKsrimcnts the common practice is to endeavour to select 
animals of equal weight and ago and lo make preliminary tests so as to pick out 
those of uniform fattening rapacity. It is suggcsled that in order to ensure that 
the rt\sults of different experijnenler.s should be comparable, either a uniform 
conventional method of selection should be adopted or selection should be avoided. 

(iv) The Sampling of Agricultural Products for Analysis, 

By Professor T. B. Wooj), M,A., and A. B. Bruce. 

The discrepancy between the analyses of agricultural products published by 
different chemists may be due to divergent methods of taking samples. It is 
accordingly desirable to give some consideration to the law of error in this 
connection. 

To illustrate and explain the application of this law to sampling, certain 
figures obtained in an investigation into the composition of mangels are given. 
The most important formula in this connection is that which states that the 
accuracy of the analysis of a sample taken from a number of individuals is 
proportional to the square root of the number of individuals comprised in the 
sample. Thus, if a certain sample gives a probable error of r, and it is desired to 
obtain a figure for the moan with a probable error of the sample should consist 
of four times as many individuals. Tiie mangel results referred to above are 
used to prove the accuracy of this statement. 


(v) The Error of Experiment in Agricultural Field Trials, 

. By A. D. Hall, F,B,S,, and E. J. Russell, D,Sc, 

Analysis of the causes of error show that they fall under several heads : — 

(a) JjGck of uniformity in iho. Even on a level field whore no obvious 

variation occurs analysis shows that there are certain differences in different 
yiarts of the field. A sensitive and at the same time simple test is to ascertain 
the percentage of moisture in samples of soil collected to the same depth — six or 
nine inches — and ns nearly as can be at the same time. The differences commonly 
amount to five (or in dry fields to ten) per cent, of the moisture present. Another 
factor greatly influenced by variations in the soil is the amount of nitrate present. 
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This affords an oven more sensitive index of variation, since it depends on all 
the conditions favouring plant growth — ^moisture, temperature, air-supply, and 
foodstuffs, these Being necessary for the production of nitrate — and also on the 
amount of water washing through the soil, nitrates not being retained like 
ammonium salts. Here, also, differences are found of the order of 6 or 10 per 
cent, of the amount present on fields that appear to be uniform. These differences 
may be accentuated where there is a dip in the field. 

V'ariations in the field arise partly from natural and partly from artificial 
causes. So many agents come into play in soil formation that uniformity can 
hardly be expected. Further, the purely artificial operations, such as tilling, 
cropping, manuring, and folding, have a profound effect on the soil, persisting 
for some years. Frequently the treatment has not been uniform over the whole 
field. Drainage, whether artificial or natural, is rarely uniform : during a very 
wet wdnter it is not uncommon to see places in the field wlicre wheat has been 
affected by differeneos arising either from lines of good drainage or patches of 
bad drainage. In other seasons tho differences still exist, though not to so 
marked an extent. 

{b) Lank of uniformity in ike eonditiona of growth.— conditions of tho 
outside row of a plot differ from those obtaining inside tho plot, and those on 
the outside of the field are much modified by the competition of hedges and 
trees. These diffi(Miltics can, however, ho obviated. The unc(piaFinciflcnce of 
disease is sometimes very troublesome. 

(r) Effect of senaon. — In maiiurial trials it is possible* after a numh^r of years • 
to allow for the effect of season in a general way, especially as our knowledge of 
the properties of fertilisers increases. But in variety trials the problem is much 
moi-e difficult, and cannot yet bo said to be solved. 

Total magnitude of the error of experiment.— An cxamimition of the Rotham- 
sted records shows that the error is 10 per cent, on plots wlicre the past treat- 
ment has for many years been uniform, where all weighing, measuring, and other 
oficraiions are performed with the utmost care, and whore the general conditions 
are favourable for experimental work. Having regard to these considerations 
and the ditficnlties often encountered in field trials, the authors would nob be 
prepared, as a general rule, to lay stress on differences of less than 15 per cent. 

(vi) The Applimtion ol the Theory of Errors to Invesliijalions on Milk. 

By H. J'r. COLLINT. 

This paper was intended as a demonstration of the uses to which the theory of 
errors can be put. Tho theory of errors was ajii^licd to measurements of specific 
gravity, fat and total solids, with compound measures derived from them. 

Lactomet era wore compared with a large plummet on a good balance giving 
the probable variation from the plummet of a single reading on the lactometer with 
the following results : — 

1 small lactometer 1° — 1 mm., ± 2 degrees lactometer 
G special lactometers 1° = 3 mm., ± 0*55 ft »t 

8 „ „ 1° = 1 cm., db 0*18 „ 

1 Westi)hall balanoo ± 0*47 „ 

Total Solids. — There arc many sources of error in this determination. The 
rate of evaporation appears to be one of the large causes of error, but the rate 
of evaporation is itself dependent on many causes. Without attempting extreme 
variation of detail, but simply drying milk under such varying conditions as 
prevail in good laboratories, the probable variation of a single determination from 
the mean is found to be ± 0*068 per cent. Where work is carried out under 
rigidly uniform conditions the variation from the mean of one laboratory will be 
less, but for purposes of comparison between one laboratory and another the value 
given is not unreasonable. 

Fat. — The probable variation of one determination by Gerber from the mean is 

0*036 per cent, fat, 

1910, Q 9 
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Propagation of Krrora . — Tho error ol solids not fat is found from tlia abo've 
data, and tho formula B’ = r,* + r,’ . , . to be : — 

« 

By total solids . . . ± 0*077 per cent, solids not fat 

By lactometer 1® = 1 mm. ± 0*5 „ „ „ 

By „ 1® = 1 cm. ± 0*045 „ „ „ 

The method was next .applied to that part of the inangural dissertation of 
J. H. HinchclifF which attempts to measure the difFerence between calculated and 
found total eolids. The error of such a difference is about ± 0.13, whilst nearly 
one-half of the observations fall within those limits. There is therefore no 
evidence that the use of the formula for calculating the total solids of the milk 
of one cow or one milking will not give close results. When the average of several 
milkings is taken the error is reduced, and the conclusions based on such averages 
are justified. 
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Section C.— GEOLOGY 

President of the Section. — Professor A. P. Coleman, M.A., Pli.D., 
* F.R.S. 


THURSDAY, SEPT EM HER 1. 

The President delivered the following Address : — 

The History of the ‘ Canadian Shield.^ 

Can there be any greater contrast than Pleistocene bonldoi* clay resting on 
Archaean gneiss, the latest of rocks covering the earliest, with almost the whole 
known history of the world in the interval between? It is a fascinating occupa- 
tion for' a geological dreamer to sit on some hillside in Scotland or Finland or 
Northern Canada, where the schists and gneisses rise in rounded ridges or bosses 
through boulder clay, and ponder on ail the strange happenings that separate the 
clay from the rock beneath. 

The clay melting from its enclosed boulders under the frosts and rain seems 
the very emblem of the fleeting things of yesterday ; while the Archaean gneiss 
and greenstones are the type of the solid, imperishable framework of the earth, 
on which all the later rocks rest. 

The boulder clay recalls the while surface of a Continental ice-sheet with 
summer blizzards sweeping across it like those of the Antarctic tableland ; while 
the gneiss beneath tells of a molten magma cooling during millions of years 
beneath miles of overlying rock. 

It is the meeting-place of the- geological extremes, and their contact marks 
the greatest of all discordances. 

One thing tHb clay and the gneiss have in common — both were long neglected 

g^^ology; the Pleistocene beds because they were not rocks, but only * drifts,* 
confused and troublesome things, hiding the real rocks, the orderly stratified for- 
mations ; the * basal complex * l^cause its schists and gneisses were fossil-less, com- 
plex, and mysterious products of the dim beginnings of a world still ‘without 
form and void.* The molten sphere, with its slowly consolidating crust, belonged 
rather to the astronomer than the geologist. 

Geology h&s, of course, long lost that attitude, and now finds some of its most 
seductive problem^ in these once neglected extremes of the earth’s history. Those 
who distrust the ‘glacial nightmare* are now very few in number; but there 
are still revered veterans, like Professor Kosenbusch, who speak of the Archa?an 
gneisses as parts of the earth’s Erstarrungskrusie, and who frame theories of the 
earth’s cooling and wrinkling in its hot and furious youth. 

Over more than half of Canada the field geologist is forced to occupy himself 
with both the Pleistocene and the Archasan, since the two are almost everywhere 
together, while the fossil-bearing beds of the vast intervening time are absent. 
The seemingly unnatural conjunction is not entirely without advantages, for the 
Pleistocene has furnished the clue to certain very puzzling problems of the 
Archaean, as will be shown later. 

The geologists of the world have long known the broad outlines of the 
Canadian Archaean or Pro-Cambrian area through Buess’s masterly portrayal of 

qq2 
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the 'Canadian Shield/ and through Dana’s account of the ‘V Formation,* about 
which the N orth American Continent was built up. 

It must bo remembered, however, that, though most of the territory has been 
roughly traversed by Bell, Tyrrell, Low, and other explorers, only a few dis- 
tricts in tho south have had their geology worked out in detail, because of their 
valuable deposits of silver, nickel, and iron ores. It is only in these districts and 
comparatively recently that the succession of Pre-Cambrian formations has been 
determined with certainty. In the wide spaces of the north only the most general 
relationships are known. 

It is intended to bring together here our knowledge of the most ancient 
chapters in tho history of North America as disclosed by recent field-work. 

Physiographic Features. 

In its physiography the Canadian Shield shows the features that might be 
expected from one of the oldest and most stable land areas of tho world. It was 
reduced in very early times to a peneplain, but later was elevated, permitting the 
rivers to begin a process of dissection. This pro(;ess had a recent interruption 
by tho Pleistocene Ice Age, which blocked many of the valleys with moraines and 
gave rise to the most extensive tangle of lakes in the world. Physiographically as 
well as geologically, the region shows a dramatic mingling of extreme youth 
with extreme old age. 

The best account of this rejuvenated peneplain has been given by Dr. A. W. G. 
Wilson, ‘ who shows that the gradients are very gentle, and suggests that two or 
more facets can be distinguished as having slightly different inclinations and as 
having been carved at different times. Here it will be unnecessary to take the 
matter up except in a general way. 

The peneplain has been unequally elevated, parts standing 3,(K)0 or 4,000 feet 
above the sea, and other parts sinking beneath its surface. Only at two marginal 
points can the Archrean surface be said to rise as mountains - in the Adirondacks, 
projecting south-east into the State of New York; and in the Nachvak peninsula, 
just cast of Ungava Bay. 

To the south-west and eouth the shield sinks, almost iiiperceptibly in many 
places, beneath the older Palnpozoic rot-ks, and the same is true around the 
central depression of Hudson Bay. Towards the south-east the shield breaks off 
suddenly along the great fault of the Lower St. ‘ Lawrence, and apparently the 
precipitous north-east shore of Labrador indicates faulting on even a larger scale. 
It has hfxjn suggested that Greenland, the Highlands of Scotland, Scandinavia, 
and Finland may have been parts of a single gfcat shield, now separated through 
the settling down of the sea-bottoms. 

In detail the region is full of variety of hill and valley, wate^^all, river, and 
lake; but, on the whole, it is monotonous to the ordinary traveller from the con- 
stant Kjpetition of similar fonns, sinte there arc no re«nl mountain ranges and 
few outstanding ‘ monadnock ’ hills to break the sky-line. The sweep of horizon 
from every hilltop seems horizontal, the summits around seldom rising more 
than 200 or 300 feet above the valleys, and all reaching nearly the same elevation. 

The geologist finds, however, that this impression of general flatness is 
deceptive. In reality the rock structures are usually more nearly vertical than 
hoiizoiital, as in most Archtcan regions. The schistose rocks, which form so 
much of the surface, commonly show dips of more than 60°, so that it is clearly 
a mountain region planed down to its foundations. The arrangement of valleys, 
ridges, and hills generally follows more or less closely these ancient rock forms. 


Geological Structure. 

Until recently most of tlie geological work done in this northern territory has 
been track surveys following Indian canoe routes. Here and there moraines or 
old lake deposits hide the rocks for a space, but usually the geology is admirably 
displayed as one’s canoe threads tho intricate waterways of sprawling lakes 


1 'The Laurentjan peneplain’: Jmr, Oed., voL xl.y No. 7, pp. 615-^9. 
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spilling over from ooe irregular basin into another. On entering a new district 
there seems a hopeless confusion of pinkish gneiss and grey-green schist, but 
presently orderly forms take shape upon the map as the numl^rless bays and 
islands are explored, and the ground plan of vanished mountain ranges begins 
to show itself. Dr. Andrew C. Lawson, in his brilliant study of the Lake-of-the- 
Woods and Rainy Lake regions in 1884 to 1888, first brought out distinctly the 
relationships; and later work has added greatly to our knowledge of these 
ancient structures. 

The typical arrangement is that of rounded or oval batholiths of gneiss, or 
of granite merging at the edges into gneiss, with schists dipping stei^ply away 
from them on all sides. Where the batholiths approach one another the green 
schists occupy narrow troughs between. As shown b/ Lawson, they are evidently 
• the bottoms of synclines nipped in by the rising areas of granite and gneiss. 
Round these eruptive masses the schists have a strike parallel to the edge of 
the gneiss, so that they do not form ordinary synclines, but widen and narrow 
and swing in curves to adjust themselves to the varying relations of the 
batholiths. The meshes of green schist are often not complete, the curving ends 
feathering out to a point. In such places erosion has eaten the surface down 
below the bottom of the syncline. 

The batholiths in Western Ontario arc of all sizes, from a mile to 60 miles 
or more in diameter, and they are commonly somewhat elongated from west to 
east or from south-west to north-east. They do not always follow one another 
in orderly succession, but may lie scattered irregularly, almost like bubbles on 
foamy water. Yet on the largo scale one can recognise a general trend in the 
direction of the longest axes of the batholiths, and the average strike of the 
schist in the various regions lies between 50° and 80° east of north, conforming 
to the same direction. This general east-north-east trend of the basement struc- 
tures doubtless reveals the axial relations of the Archman mountiiin ranges. 

It is sometimes stated that the so-called V formation of North America 
was made up of two ranges converging toward the south, the easterly arm of 
the V parallel to the Appalachian mountains and the westerly one to the Rocky 
Mountains. The structural arrangement just outlined docs not confirm this 
view, but suggests irregularly parallel chains, cutting the direction of the 
Rockies at about right-angles and that of the Appalachians at an acute angle. 

Of what kind were the mountains erected on these bubble-like foundations of 
gneiss, set in meshes of schist? In many places they do not seem to have 
formed continuous ranges such as those of the Rockies, but rather groups of 
domes of various sizes. Some of them were comparatively low; others seem to 
have* been lofty, though broad. Of the low ones the best known is that of the 
Grande Presqu’ Isle in the Lake-of-the-Woods, an oval of gneiss 18 by 32 miles 
in dimensions. Here the up-swelling could not have been great, since the schists 
dip away from the gneiss at low angles all round, and patches of green schist, 
remnants of the roof, or perhaps of unusually large blocks stoped from above, 
are found here and there in the interior. 

On the other hand, the Rainy L<ake batholith, 30 by 50 miles in dimensions, 
must have risen as a lofty dome, since the surrounding schists dip away at high 
angles (60° to 90°). The arch of which they were the bases must have swung 
thousands of feet above the present surface of the batholith. Passing inwards 
from the Keewatin one finds at first immense slabs of the schist shifted a little 
and enclosed in gneiss, then bands of green material with softened edges, and 
finally darker cloudy streaks in the gneiss representing more perfectly digested 
bands. As Lawson has shown, the outer edge of the batholith is of greyish 
hornblende syenite gneiss or hornblende granite gneiss, while the interior is of 
ordinary mica granite gneiss. The outer part has absorl)ed a certain amount of 
basic Keewatin material. 

One cannot doubt that this zone of green schist fragments, followed by greyish 
hornblende rock, originally extended over the dome as well as round its edges. 
In the middle there is now a -width of 10 or 12 miles of the ordinary Lauren- 
tian gneiss. This implies, of course, that the upper part of the dome, afterwards 
removed, was several miles in thickness, and that the mountain mass rose 
correspondingly above the synclinal valleys. It must not be assumed that the 
dome had a regular surface, nor that it was unbroken. Such a batholith as that 
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of Rainy Lake was not made by a single sadden up-welling of granite, but by 
a long succession of slow inflows from various quarters. Meantime the ix^ks 
above must have been stretched and fractured during the long ages of elevation, 
and must have been exposed to the usual destructive forces, which may even 
have kept pace with the elevation during its late stages when differences of level 
became pronounced. 

The coarse- textured granitoid gneiss making up the batholith must have cooled 
at great depths and exceedingly slowly. 


The Raising of the Domes, 

Some curious dynamical problems arc involved in the raising of the domed 
mountains. It is conceivable that fluid lava could bo forced by the unequal 
pressure of shifting mountain blocks through a suitable system of pipes into 
cisterns, so to form laccolithic domes, but no such mechanism seems possible 
with batholiths. The granite of the batholiths was plastic rather than fluid, as 
shown by its having licen dragged into the gneissoid structure. The areas 
affected covered soinetimos 1,000 square miles. We know of no system of dykes 
to serve as pipes or passages, of no solid floor beneath, of no faulted blocks to 
provide the pressure. It is generally assumed that the protaxial granites and 
gneisses in great mountain ranges have risen because of the relief from pressure 
beneath anticlines due to lateral thrust. It is doubtful if these irregularly 
scattered ovals, sometimes 30 miles across, can be adjusted to any system of 
anticlines. 

Some years ago I ventured another explanation. Granite is specifically 
lighter than most of the greenstones and schists of the Kcewatin; and molten 
granite, even if not at a very high temperature, is lighter than the relatively 
cold rocks above it. If the rocks above were unequally thick, so that some 
areas were less burdened than others, it is conceivable that these differences in 
gravity might cause the granite to creep slowly up beneath the parts with the 
lightest loads, while the overlying rocks sagged into synclines in the heavily 
loaded parts. ^ 

Whatever their cause, those oval batholiths enclosed by mc’shes of schist are 
the most constant feature of the Canadian Archaean, though in many places 
•erosion has cut so deeply that the meshes have all but disapiie«ared, leaving only 
.straight or curving bands of hornblende schist enclosed in the Laurcnlian gneiss. 
Very similar batholithic relations of the Laurentian with the Grenville scries of 
Eastern pntario are described by Drs. Adams and Barlow, though the batholiths 
•are generally much smaller. Batholithic mountains were typical of the Archaean 
in North America, and, at least in some cases, also of Archaean regions in other 
parts of the world. 


Subdivisions of the Canadian Pre-Cambrian, 

Until recently the rocks of the Canadian Shield were usually divided into 
three parts — the Laurentian, the Huronian, and the Animikie and Keweenawan 
— ^the last two being only doubtfully included in the pre-Cfimbrian. These three 
divisions are still the only ones shown on the latest general map "prepared by 
the Geological Survey. Lawson’s separation of the Kcewatin as a lower group 
than the Huronian was generally recognised as valid, but in practice the sub- 
<livision of the two in mapping was difficult, and was only carried out in detailed 
surveys. II is proof that the Laurentian was eruptive and later than the Kcewatin 
was accepted. 

As the classification adopted by the American geologists in the Lake Superior 
region differed from that used in Canada, a Correlation Committee was api)ointed 
five or six years ago to draft a compromise, which runs as follows ; — 


* Bull, Qeot, Soc, Am,, vol. ix. pp. 223-238. 
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Keweenawan 

Unconformity 

( Upper (Animikie) 

Unconformity 

Middle 


I Unconformity 
* Lower 
Unconformity 
Keewatin 

Eruptive Contact 
Laurcntian 


This compromise system is now generally in use in Canada, though if Canadian 
relationships alone were considered the Animikie would be separated from the 
Huronian and placed closer to the Keweenawan, and the Laurentian would be 
treated as consisting of eruptive rocks frequently later in age than the Lower 
Huronian. 

The most natural classification for Canada would bo as follows 
Keweenawan 

Unconformity 

Animikie 

Great Unconformity 

Great Unconformity 
Keewatin 

Laurentian = Post-Keewatin or Post-Hiironian granite and gneiss. 

The lacoolithic domes described on previous pages were formed partly in the 
interval between the Keewatin and the Lower Huronian, but mostly later than 
the Lower Huronian. Over much of the shield, however, our knowledge of the 
relations is not sufficient to separate the mountain stni( ture.s of the two ages. 

Jjet us now consider the history of the region during the successive periods 
suggested abovei 


Conditions during the Keewatin, 

One naturally asks what the conditions were in Keewatin times before the 
earliest known laccolithic mountains were raised. The granitic texture of the 
eruptives implies very slow cooling under great pressure. The old iiuerpretation 
of these rocks, following the u^ual conception of the nebular hypothesis, made 
them parts of the earth’s original crust, which cooled under the tremendous 
weight of an atmosphere including everything volatile at red heat, an atmosphere 
'200 or more times heavier than at present. We know, however, that this cannot 
•apply to the Laurentian gneisses of Canada, since they push up eruptively through 
;great thicknesses of older rocks— the Keewatin in the north and west, and the 
•Grenville series in the east, including large amounts of water- formed deposits. 
Though these older rocks arc now found only on edge in synclines protected on 
each side by domes of gneiss, there can be no doubt that they once spread out 
wide and Hat on the surface of the earth. 

The eruptives of the Keewatin have received most attention, but sedimentary 
rocks occur in it at all levels and with thicknesses of hundreds or thousands of 
feet. They include Lawson’s Couchiching, with its great areas of mica schist 
and gneiss formed from what were originally muddy and sandy sediments. In 
other places quartzites and arkoses, slates and phyllites, represent less meta- 
morphosed clastic materials. The slate is often black with carbon. In the north- 
west there is little limestone or dolomite, but the Grenville and Hastings series 
of the east, which are probably in part of Keewatin age, contain thousands of 
feet of limestone. All the ordinary types of sedimentary rocks were being de- 
posited on the Keewatin sea bottoms, and one type unlike modem sediments — 
the banded silica and magnetite or hematite of the *iron formation.’ The rock 
last mentioned belongs to the top of the Keewatin, and is very widespread. Its 
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crumpled jaspers have attracted much attention because of their association with 
iron ore, but in reality the other varieties of sedimentary rocks are present in 
far greater amount both as to thickness and extent. • i. i 

In almost every part of the western region there are associated with the 
rudiments great sheets of basic lavas, agglomerates, and ash rocks, as well as 
smaller amounts of quartz porphyry, Ac., showing that the Keewatin was 
the pcTiods of great volcanic activity in tho world’s history. It is somewhat 
puzzling to find thefio pix)doriiiii{iiitly basic volcanics in the Keewatin, while all 
the underlying oruptives of the Laurentian are decidedly acid, chieily granite or 
syenite in composition. 

Tho extensive sedimentary and eruptive rocks of this earliest formation imply 
that the ordinary geological processes were at work at the very beginning of 
known geological time, before the Archaean mountains came into existence. There 
must have b^n broad land areas where rocks like granite or gneiss weathered to 
mud and sand, probably under a cool climate, for the greenish arkoses and slates 
charged with carbon suggest cold rather than heat. 

In the north-west volcanoes were active, but the east was comparatively free 
from eruptions. Both volcanic ash and ordinary clay and sand seem to have 
been spread out on the sea bottom in tho Lake Superior region, and probably sea- 
W'eeds throve in the mud. In tho Grenville region the waters seem to have been 
clearer, and limestones were deposited on a very large scale, sometimes pure, but 
often muddy and mixed with a good deal of carbon, so that fucoids probably 
nourished here also. 

If we reconstruct the conditions of the Keewatin wc must then assume conti- 
nents which have entirely vanished, on which weather, rain, and rivers worked, 
sweeping sediments down to the shallow or deeper seas to be spread out on a 
bottom which has also disappeared. The sediments and lavas and tuffs may be 
said to rest on nothing, for the once fluid or plastic Laurentian gneiss, cradling 
their synclines and pushing up from l>eneath them, could not have been the foun- 
dation on which they were laid down. Though the floor on which they once rested 
has nowhei'e been found, one may be certain that its materials included silica, 
alumina, and alkalies in the riglit proportions to fuse into a granitic magma, and 
this is practically all that is known of the prc-Kcewatiii world in Canada. 


Jiise and Fall of the Early Laurentian Mountains. 

After the work of tho volcanoes, of rain and frost and rivers, of winds and 
tides and currents, had piled up miles of rock in Keewatin times there came a 
gi'eat upheaval of mountains over thousands of square miles of the early Archaean 
surface. Possibly the earth was already shrinking through loss of volcanic 
material and of the steam and gases that exhale in eruptions. The Atlantic floor 
may have been settling down, thrusting inwards from the south-east, pushing up 
the weakened earth’s crust beneath the shield into mountain rows ; or it may be 
that some other cause must be sought for the somewhat haphazard domes which 
arose over such wide areas. 

It may be suggested that the many thousands of feet of lava and stratified 
materials h.*xd so blanketed the lower-lying rocks that the heat from beneath crept 
up into them, softening and semi- fusing tlicm, until in the slow lapse of time they 
began to flow sluggishly, ascending to form the wide-based domes of the Lauren- 
tian mountains. The source of the internal heat need not be discussed here. 
Uranium, with its various progeny, may have been as active then as now, or a 
more rapid axial rotation may have kneaded the discrete particles of a mass of 
planetesimals, and so warmed them up to the heat of fusion. 

Then follow^cd the deliberate and almost complete destruction of the great 
mountain system during a long period of time which has left no known Canadian 
record. The sediments derived from this destruction may have l)ecn piled on the 
bed of the Atlantic as it sank. It is possible that Sederholm’s Boitnian in Fin- 
land may partially fill the gap. 

Whatever disposal was made of the debris, several thousands of feet must 
have been carved from the mountains and swept out of view during the immense 
interval which separates the Keewatin and early Laurentian from the Lower 
Huronian, for the next series of rocks rests with a great discordance on the 
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uptunied edges of the synclinally disposed Keewatin schists and the truncated 
domes of Laurentian gneiss. 


The Iluronian. 

The Lower Huronian has very different relationships from the Keewatin. 
Where least distifrbed, as north of Lake Huron and in the Cobalt region, the 
floor beneath it is often well preserved. Dr. Miller has shown that at Cobalt the 
surface of Keewatin and Laurentian was hilly or hummocky before the basal 
conglomerate of the Lower Huronifin was deposited; and Professor Hrock, in 
describing the Larder Lake district to the north, refers to ‘ the cleiin-swept and 
often rounded surface of the older rocks on which it is fixjquently laid down.’ ^ 

The basal conglomerate of the Lower Huronian contains pebbles and boulders 
of all the Keewatin and Laurentian rocks that went before, and among them 
are found beautifully striated stones. It is the oldest known boulder cLay or 
tillite. The vast period of subaerial destruction that carved away the early 
Laurentian mountains ended in a glacial period, whose ice<shects covered many 
thousands of square miles of North America, just as the last great period of 
peneplanation ended with the Pleistocene ice-sheets. 

It is not a little impressive to sec modern till resting on the Huionian tillilo 
and including fragments of it as boulders. It is possible to break out from the 
modern glaciated surface stones whose underside received their polish and striae 
in the Lower Huronian, while their upper surface has been smoothed and 
scratched by Pleistocene ice movements. 

At Cobalt the tillite is accompanied by slate, which may be compared in all 
essential characters except hardness with the stratified clay of adjoining lake 
deposits of Pleistocene Age. The most recent and unconsolidated beds make 
clear the origin of some of the most ancient and, in appearance, most different 
rocks in the world. 

In the Lake Huron region the action of ice was probably followed by an 
invasion of the sea, for the lillite is succeeded by thojisands of feet of quartzite, 
arkosc, and conglomerate, and by a few hundred feet of limestone. Possibly much 
or all of the limestones of the (Irenville and Hastings scries, which Dr. Adtanis 
reckons among the great limestone formations of Ihe world, were formed at about 
the same time. 

The Middle Huronian (Logan’s Upper H uronian) is separated by a basal con- 
glomerate, possibly glacial, from the Lower Huronian; but the break does not 
seem very profound, and the rocks do not differ much from those just described. 

The le.ast changed parts of the Huronian extend as a wide band for 2(X) or 
.300 miles north-east of Lake Huron, and in this area the uneven surface of 
Laurentian and Keewatin beneath the .Lower Huronian boulder clay preserves for 
us a portion of tiie earliest dry land, the earliest peneplain known in America, and 
possibly in the world. This band has remained comparatively stable, while, so 
far as our information goes, all other parts of the Canadian Shield have undergone 
violent changes. 


JUse of the Late Laurentian Mountains. 

The Lower Huronian tillite has been found in many jjlaces throughout the 
Archiean region, over a stretch of 1,(XX) miles from cast to west, and 7(X) miles 
from north to south; so that in all probability deposits like the Pleistocene till 
covered most of the surface. ^ 

Everywhere, however, except in the band extending north-east from Lake 
Huron, it seems to have been involved in later mountain building, and has been 
so sharply folded in with the Keewatin as to destroy the appearance of uncon- 
formity. It is instructive to note that so long and momentous an interval was 
entirely overlooked by geologists or treated as of small importance until a few 
years ago. There is usually no angular discordance to be observed, and the 
secondary schistose structures of Keewatin and Huronian are similar and parallel. 
The Huronian boulder conglomerate has often been rolled out to a schist in which 
only the harder boulders can be recognised as lenses; and sometimes even they 
are lost entirely, so that no evidence of discordance remains. 

1 Bur. Mines, OrU., 1905, p. 31. 



598 


TRAVSAOnONS OF SEOTION 0. 


It is evident that the invasion of the later Laurentian granites and gneisses 
was ir^ooompanied by very important dynamic and metamorphic effects. Most of 
the baiholiihic domes of North-western Ontario are post-Lower Huronian, and 
dato perhaps from the Middle Huronian or the interval between it and the Upper 
Huronian (Aiiiwikie). 

The granites and gneisses of this second time of mountain liuilding have not 
been distinguished in mapping from those of the first in most places ; and as they 
are both of precisely the same habit it will probably never be possible to separate 
them completely. Thus far both have been included under the name Laurentian, 
which must bo considered as representing a lithological facies rather than a 
geological period. It may be, however, that the formation of batholithic moun- 
tains never really ceased from the end of the Keewatiii to the end of the Lower 
Huronian. As the rocks called Laurentian are entirel}^ eruptive, they should not 
be limited to a definite time, but only to a definite set of conditions as to com- 
position, rate of cooling, and amount of pressure. 

As in the earlier cycle, the period of mountain-building was followed by a 
period of destruction, ending in a peneplain of very wide extent. 

27ie Animikie or TJfper Huronian. 

The interval between the lower form 2 vtions and the Animikie is of great 
magnitude, perhaps even greater than that between the Koewatin and the Lower 
Huronian ;^and Lawson has suggested for it the name of the Eparchaean Interval. 
The Animikie has not been found resting on the Middle Huronian in Canada, so 
that this formation may partly bridge the chasm. Unless the Middle Huronian 
quartzites include part of the products of erosion we have no evidence as to the 
disposal of the many thousands of cubic miles of materials removed from the later 
Laurentian mountains. 

The Animikie begins in most places with a thin basal conglomerate lying 
almost horizontally on the upturned edges of the previous schists and gneisses. 
Above this come chert, black slate, and other sediments, sometimes to the extent 
of 8,000 or 10,000 feet. The slate often contiiins carbon enough to make an 
important coal region if collected in definite beds. 

The whole no doubt implies a transgressing sea, which ultimately must have 
covered a very large pai't of the Canadian Shield, since rocks of this age are 
found over wide surfiiccs north-west of Lake Superior, near Lake Mistassinni, 
in the heart of Labrador, on the cast side of Hudson Bay, and near Great Bear 
and Dubaunt lakes. These rocks are found in Labrador up to 1,575 feet above the 
sea. This level, if extended in all directions, would submerge three-fourths of 
the Arcluean peneplain. 

At present these areas, though large, afe widely separated; and it may be 
rash to assume that even soft, easily weathered rocks, like the Animikie slate, 
could have been completely removed from the intervening spaces. It is probable, 
however, that less than half of the Archa;an then remained as dry land. 

The Keweenawan, 

There is an interval marked by a sm dl discordance and a basal conglomerate 
between the Animikie and the Kewcenawan, but the break in time was apparently 
not great. The two groups of rocks often occur together, thougli^in many places 
the Kewocnawan sediments overlap on to the Archaean, as in the neighbourhood of 
Lake Nipigon. Most of Ihe Keweenawan sedimentary rocks are of shallow- water 
varieties, such as sandstone and conglomerate. At various places on the north- 
east shore of Lake Superior a coarse basal conglomerate is found as remnants 
pi-escrved in small valleys or ravines in the granite. The ancient surface is now 
in process of resurrection by erosion, and the boulders once rolled on a Keweena- 
Wiiii shore are toeing freed from their matrix and once more set in motion by the 
waves of Lake Superior. 

The Keweenawan, like the Keewatin, was a time of vigorous volcanic activity, 
and in most places the lava-sheets and laccolithic sills of diabase connected with 
their eruption far surpass the sediments in amount. The volcanic rocks are 
generally basic in character, and probably most of the diabase dykes widely found 
in almost all ports of the Canadian Archaean are of this age. The important 
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deposits of copper, nickel, and silver in Northern Canada are closely bound up 
with the Keweenawan basic volcanic rocks or with deeper-seated diabases probably 
of the same origin. 

Here, as in the Keewatin, we are confronted with Hoods of basic lava coming 
up from unknown sources through the acid Laurentian gneiss. Do these basic 
lavas represent heavier segregations settling to the bottom during tho slow move- 
ments of the granitic magma as it climbed into the Archaean batholiths? One 
might imagine these heavier and more liquid parts sinking beneath the lighter, 
more viscid, magmas of the domes, and remaining fluid until the mountain masses 
above had become completely solid. The supposed thrust from the Atlantic basin 
to the south-east might then bring strains to bear on the solid crust, more or less 
shattering and shifting its masses, squeezing up tho still molten diabase through 
ail the fractures and pores. 

Several remarkable basins were formed in the Arch.-ean fx^ucplain by the 
ascent of these lavas, permitting the massive roof which formerly covered them 
to collapse by block faulting or by the formation of an irregular syncline. 'J'he 
basin of Superior seems to be of this nature. It is still rimmed by the Keweena- 
wan lavas, sometimes accumulated to the thickness of 5(),00() feet. Just to tlie 
north is the smaller basin of Lake Nipigon, with its edges and islands of diabas*^ 
sheets; and to the east, near Sudbury, islhe extraordinary synclinal basin, with 
which the great nickel mines arc connected. These basins seem to have resulted 
from the collapse of the solid crust because of the removal of support when basic 
eruptives ascended from beneath. 


PalcBozoio History. 

The exact relation of the Keweenawan to the Cambrian is somewhat in donbf, 
though most geologists make it pre-Cambrian. The St. Mary’s, or Lake Superior, 
sandstone, which rests upon the Keweenawan with a slight discordance ami 
overlaps upon the Archaean, is generally called Cuiubiian ; it contains no fossils 
and occurs only along the shores of Lake Superior and St. Mary’s Kiver, so 
that its position in time is uncertain. 

Potsdam sandstone, either Up^icr Cambrian or Lower Ordovician, rests upon 
the planed-down Archaean surface at the Thousand Islands and other points in 
Kastern Canada, often with a conglomerate at its base; and undoubted Ordovician 
limestones feather out upon the Laurentian all tho Wciy from Saskatchewan and 
Manitoba on the north-west thiough Ontario to tho city of Quebec on the east. 
These limestones represent an important tran.sgrcs.sion of the sea upon the? 
Canadian Shield. Apparently the old hummocky surface was often pretty 
cleanly swept, so that limestone .with very little fragmental material, rests 
immediately upon the gneiss, but in other cases there is arkose or a basal 
conglomerate of Laurentian materials. 

Occasionally Archaean hills rise isliind-like through the ehaly limestone, which 
tilts away quaquaversally, as if the hill had protruded through tho sediments. 
This appearance is probably due to the settling and shrinking of the mud in its 
consolidation to Tock. Drill-holes east of Lake Ontario show that there were 
valleys hundreds of feet deep between these Archiean hills, so that in this region 
the peneplain was far from complete. These inequalities may be considered foot- 
hills of the Aj^irondack mountains further east. 

There is reason to believe that before the close of the Ordovician the sea 
crossed from the region of Lake Winnipeg to Hudson Bay, flooding all the lower 
parts of the shield ; but probably most of Labrador and part of Franklin, north- 
west of Hudson J^ay, remained as dry land. 

The Silurian follows on the Ordovician without a discordance, and at this time 
the sea probably submerged an even larger part of the shield, since the Silurican 
limestone of James’s Bay is only 250 miles from that south of the Great Lakes, 
and there are two outliers between-^n Lakes Nipissing and Tcniiscaming. It 
may be added that the highland of Silurian limestone crossing Southern Ontario, 
with a bold escarpment facing north-east, rises hundreds of feet higher than tho 
watershed towards Hudson Bay. The escai-pment facing the Arehaiaii ‘ old land * 
corresponds to the Scandinavian * glint,’ and has a similar relation to the lakes of 
the Archaean border. 
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The Devonian Sea also encroached south of James Bay and along the south- 
west side of the shield from Clear Lake, in Saskatchewan, to Great I^ar Lake. 

What took place on the Archajan continent while the coal forests flourished on 
the lowlands to the south and to the far north is unknown, since no carboniferous 
rock has been found on its surface. 

Mesozoic and Cenozoic History. 

Early Mesozoic times are a blank, but a few small outcrops of Cretaceous 
rocks resting on the Archtean toward the south-west shov/ that portions of its 
rim were once more under water. Dr. Wilson believes that an iniportant facet 
of the peneplain should bo dated from the Cretaceous, since planalion was going 
on in parts of the United States at this time; but no positive evidence of this 
is at hand. 

Nor is there any evidence as to its history in the tertiary before the oncoming 
of the Fee Age of the Pleistocene, when its whole surface was scoured more than 
once by great glacial sheets. The mantle of decayed rock which must have accumu- 
Ijited duiing the long dry land stage was almost completely swept away, leaving 
the rounded surfaces of ancient rock fresh and clean beneath the boulder day. 

In an important inter-glacial interval and in post-glacial times much of the 
morainic material was assorted in great lakes whose shore and deep water 
deposits cover large parts of the surface. With the departure of the ice the sea 
once more transgressed upon the lower parts of the shield, but the land has been 
rising since, leaving a belt of marine deposits up to about 5(X) feet around the 
shores of Hudson Bay, the St. Lawrence, and the Atlantic. 


IIoiv much of the Shield has been Covered ? 

It is generally stated that the Canadian Shield has been dry land since the 
Archa*an, and hence that erosion has been taking place ever since that time. 
This is probably true for part of the north-eastern portion of the shield and 
perhaps also the north-western, but much of the area, especially toward the south, 
was buried in early days under PaldBOZoic sedimentary rocks, and so protected 
from further destruction. Those sediments are still being slowly stripped from 
the Arcluean in many places. 

This may account for the greater proportion of Iluronian and Keewatin rocks 
in the south as compared with the north. It is probable that in the unprotected 
northern parts weathering agencies have eaten the higher Archican rocks com- 
pletely away from the Laurentian gneiss beneath. Before asserting this positively, 
however, it may be well to await more thoroygh exploration of the little known 
north. 

It is possible, but not very probable, that the whole area was at one time 
covered with Ordovician or SSilurian shale and limestone. If so, all traces of 
this capping have been removed from hundreds of thousands of square miles of 
its surface. 

There is one very impressive feature of the Archaean as found beneath the 
later rocks. The peneplain, with its rounded, hummocky surface, seems exactly 
the same when one strips from it recent boulder clay, early Palaeozoic shale or 
sandstone or limestone, Keweenawan cruptives, or even Lower Hufonian tillite, 
where this has remained undisturbed. It is as though all the millions of years of 
destruction since the Middle Palseozoic had made only unimportant changes in 
the pre- Cambrian peneplain. When it is recalled that pcneplanation took place 
twice in the pro-Cambrian, before the Lower Iluronian and before the Animikie, 
one is almost (Jriven to think that pre-Cambrian time is far longer than post- 
Cambrian. 


Relation of the Shield to the Palcpozoic, 

Except toward the east, the Canadian Shield sinks gently beneath Palseozoic 
beds, in most cases retaining its ' character as a peneplain. How far doos it 
continue to the south and west beneath the sedimentary rocks, and to what depth 
does it extend ? 
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The results of drilling at Toronto, 80 miles south of the contact, show gneiss 
and crystalline limestone at a depth of 1,2(X) feet below the surface, or 940 foot 
below sea-level. Near Lake Erie, 130 miles to the south of the contact, the 
Archajan is reached at a depth of 3,300 feet — 2,7(X) feet below sea- level. Its slope 
to Toronto is at the rate of 20 feet per mile, and from Toronto to Lake Erie 
at the rate of 35 feet per mile. This corresponds fairly well with the dip of the 
cverlying Palfeozoic rocks. 

As the peneplain rises more than 1,300 feet above sea-level at the watershed 
300 miles north of Lake Erie, there is a difference of 4,000 feet in a north and 
south direction; and if comparison is made with the Adirondjick Mountains 
250 miles to the east the difference even amounts to (i,G00 feet. It is probable, 
however, that the Adirondacks were a residual group of mountains never reduced 
to the general peneplain level. It is clear that the pre-Palaeozoic peneplain has 
been greatly warped in later ages, perhaps as a result of the increasing load of 
sediments piled on its southern edge. 

One is apt to think of those ancient cry.stalline rocks as an exceedingly solid 
.and resist.Tiit block of the earth’s crust, likely to undergo little deformtation : 
so that this evidence of warping or doming of tho surface comes as a surprise. 
Fn rejility shifting.s of level under ch<angos of load arc normal in every region, 
and have been going on along the southern border of tho Canadian Shield .all 
through Pleistocene times, and p<^rhaps continue now. 

The proof of this is to be found in the differential elev.alion of the shore-lines 
of the great post-glacial lakes, wdiich ascend with an increasing grade toward 
the north (N. 20° E.). fn the case of Lake Iroquois tho difference in level 
between the two ends of the earliest shore is more than 500 feet, and the grade 
toward the north even rises to six or seven feet per mile. If we add 230 feet of 
deformation of the nuirinc beaches, which followed L.ako Iroquois toward tho 
north-east after the fin.al melting of the ice, there is a known change of level 
.amounting to 730 feet within late Pleistocene times. There is re.ason to believe 
that similar changes of level took place during the inter glacial period recorded 
at Toronto .and to the north. 

The Pleistocene sinkings and risings are natur.ally accounted for by the piling 
up and removal of tho thousands of feet of ice in the Ghacial Periods, though 
prob.ably isostatic equilibrium was not reached in these movements. 

We know that the ice was more than 4,000 feet thick, since it passed over the 
tops of the Adirondack mountains. This thickness of ice is equal in weight to 
about 1,600 feet of rock, while the greatest known elevation since the removal of 
the load is not much more than 7(M) feet, implying that a weight of 900^ feet of 
rock c.an be supported by the shield. It m.ay be, however, that in the interior 
of Labrador, where no beach-lines give evidence as to changes of level, the doming 
is much greater than the amount suggested. 

It is of interest to note th.at these adju.stments to change of load take 
thousands of years to accomplish. The rise due to the molting of tho Labrador 
ice-sheet may be going on slowly now, thirty or forty thousand years after tho 
load was lifted. 

Those sinkings and risings must be accomplished by plastic flow outwards from 
beneath the loaded area or inward toward the area relieved of its load. 

Instead of a rigid, unyielding shield, we must conceive a stiffly flexible covering 
over a plastic Substratum, where during thousands of years adjustments of level, 
amounting to hundreds of feet, may take place; and during millions of years of 
removal of load by erosion, or of piling on of load through sedimentation, changes 
of level of thousands of feet can be accomplished. Such changes have taken 
place on the southern and western sides of the shield without any known rupture, 
while on the east the adjustment has been accomplished in part by great faults. 

Has tho Archaean, which is supposed to underlie the stratified rocks in all 
parts of the world, undergone the same vicissitudes ? 


Summary, 

The history of the Canadian Shield begins in pre-Keewatin times, with land 
surfaces on which weathering took place, and seas in which mud and sand were 
deposited. If the earth were ever molten, that stage had long been passed before 
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the Keewatin sefHnients were laid down, for they include carbon probably derived 
from fucoids, which could not have lived in a hot sea. 

The pre-Keewalin land surfaces and sea bottoms have totally disappeared, 
so far as Tenown to Canadian geology. Apparently they have been fused and trans- 
formed into the gneisses of the Laurentian. 

The Keewatin was a time of great volcanic activity, lava streams and ash 
rocks surpassing in amount the thick sheets of sediments. At the end of the 
Keewatin the thousands of feet of volcanic and clastic rocks were lifted as domes 
by the up-welling of batholiths of early Laurentian gneiss. 

Then followed a profound gap in the record, during which the mountains were 
levelled to a hummocky peneplain. This gap represents a very long period of 
weathering and destruction on a land surface, ending in glacial action on a large 
scale. 

Tho Lower TTiironian begins with the deposit of a thick and widespread 
boulder clay, followed up by a transgression of the sea in which mud and sand, 
and also limestone and chert, were deposited. 

i\ftor a short break similar processes went on in the Middle Huronian. During * 
tho Middle Huronian, or in the interval between it and tho Upper Huronian 
(Animikie), mountain-building was renewed on a grand scale, many synclines of 
Keewatin and Lower Huronian rocks being caught between the rising batholiths 
of late Laurentian gneise. A broad central band of the Lower Huronian escaped 
this process, however, and has preserved its original attitude on a floor of 
Keewatin and Laurentian. 

Tho Animikie or Upper Huronian sediments which rest on the planed-down 
floor of upturned Lower Huronian, Laurentian, and Keewatin rocks consist 
largely of chert and carbonaceous slate or shale, w'hich lie nearly horizontal and 
have undergone very little change. 

Tho Kcwcenawan follows tho Animikie with only a small break, and includes 
shallow water-beds of sandstone and conglomerate, accompanied by immense out- 
flows of lava. As a result of the outpouring of lava great basins, like that of 
Superior, resulted. It is probable that during the Animikie and Keweonawan 
most or all of the Canadian Shield was covered by tho sea. 

The Kcwcenawan is generally held to mark the close of the Archsean (or 
Algonkian or Proterozoic). Low reports portions of these formations as having 
been caught in mountain-building of the Laurentian type in Labrador, but 
commonly they have not been disturbed. ^ 

During early Palopozoic times tho Canadian Shield was more than once en- 
croached upon by the sea, though probably much of the peninsula of Labrador, 
and perhaps a region north-west of Hudson Bay, escaped. 

From the Devonian to the Pleistocene thd shield seems to have remained dry 
land, and part of tho Ordovician and Silurian capping of sediments was removed 
during this long period. 

The succession of Pleistocene ice-shcets completed the work of denudation, and 
at the end of the Ice Age many thousands of square miles of the lower portions 
were once more beneath the sea. 

Last of all, the region has been rising at unequal rates in different parts, as 
shown by the warping of marine and fresh-water loaches. 

The surface of low hills and rounded knolls of gneiss and schists beneath the 
Pleistocene boulder clay resembles in every way that beneath the flat shales and 
limestones of the early Palaeozoic, or the nearly horizontal sediments of the 
Animikie, or even the undisturbed parts of the Lower Huronian boulder clay. 

It may be that much of the surface has been covered with sediments and restored 
to daylight by subaerial erosion several times in succession. The- greater part 
of the carving-down seems to have been done before the Animikie — ».e., within 
pre-Cambrian times — and tho pre-Huronian surface seems as mature as any. of 
the later onqs. The bearing of this on the length of early geological time is 
evident. Pre-Huronian time includes the laying down of thousands of feet of 
Keewatin sediments, the elevation of early Laurentian mountains, and the level- 
ling of these mountains to a peneplain. It may be as long as post-Huronian time. 
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The following Papers were read 

1. The Yoredale Scries and Us EquivalerUs elsewhere. By Cosmo Johns. 


2. Notes on the Lower Palceozoic Bocks of the Cauttey Districty Scdbergh, 
Yorks. By J. E. Mark, Sc.D., F.R.S., and W.6. Fearnsides, M.A., F.G.S. 

The general succession is well known. The following additions to om* know- 
ledge of the various divisions have been recently obtained by us : — 

Salopian . — Divisible into Lower Ludlow rocks (Bannisdalo slates, Ooniston 
grits, and Coldwell l)eds) above, and Wenlock rocks (Brathay flags) below. The 
calcareous gritty flags with Phacopa ohtusicaudntyR are found here at the base 
of the Coldwell beds, and form a ready line of separation between the Ludlow 
and Wenlock graptolitiferous strata. The Salopian graptolitic zones are being 
worked out by Miss G. R., Watney and Miss E. G. Welch. 

Vahntian . — The succession as described by one of us with the late Professor 
Nicholson was incomplete. We have now found a section in Watley Gill which 
nearly completes the sequence. In that beck the Monograptus orgentcuSj M. fim- 
briatus and DimorphogTaptvfi zones of the Skelgill beds are found with their 
intercalated trilobite beds, the higher graptolitic zones being absent ^)wing to a 
fault which repeats the Dimorphograptus beds. The argenteus zone contains 
the type fossil and its usual associates, and exhibits the ‘green streak* seen in 
the Lake District and in North Wales. 

AshgiUian . — The Ashgill shales have long been known here. The basal 
Staurocpphalus limestone appears to be represented by a greyish argillaceous lime- 
stone in Taith’s Gill, which succeeds the C.aradocian rocks with perfect con- 
formity, and yields abundance of Remophurides radians and other fossils; also 
by a similar limestone in the same position in Backside Beck, with badly pre- 
served trilobites, &c. 

Caradocian . — ^Black calcareous shales with their argillaceous limestones con- 
taining a very rich Caradocian fauna, recalling that of the Trinucleus shales 
of Sweden. The fauna is being worked at and separated from that of the 
Ashgillian beds. 


3. The Graptolitic Zones of the Salopian Bocks of the Caulley Area near 
Sedberghf Yorkshire. By Miss 6. R. Watney and Miss E. G. WEiiCH. 

We have obtained the following* zones in the Ludlow rocks in descending 
order : — 

1. Monograptus hintwardinensis (Hopk.) . . . Lower Bannisdalo Slates 

2. Monograms NiU^i (Barr.) { bods 

3. Monograptus vulgaris (Wood) M. Coldwell bods 


In the Wenlock the following zones 

1. Cyrtograplus Lundgreni (Tullb.) 

2 f Cyrtograptus Linnarssoni (Lapw.) 1 
* \Cyrtograptus symmetricus (Elios) J 

3. Monograpius riccartonensis (Lapw. ) . 

4 . Cyrtogra^us Murchisoni (Carr) 


have been found in descending order : — 

L. Coldwell bods 
Brathay flags 

Brathay flags 

Brathay flags 
Brathay flags 


These zones are comparable with tho.se discovered by Miss Elies ^ and Mrs. 
Shakespear^ in Wales and the Welsh Borderland though we have not yet 
succeeded in finding all the zones which they record we hope shortly to establish 
them in this area. 


‘ Quart Journ. Oeol. Soc., 1900. 
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4. Pleochroic Halos, By Professor J. Joly, F.R.S. 

An account of recent advances in the radioactive theory of the formation 
of halos, and of evidence as to the chemical nature of the deposit occasioning 
the halo. 


5. Outlines of the Geology of Northern Nigeria. 

By Dr. J. D. Falconer, M.A., F.G.S. 

The Protectorate of Northern Nigeria lies for the most part between Lake 
Chad and the coniluence of the rivers Niger and Benue, and comprises an area 
of .about 255,700 square miles. Crystalline rocks are exposed over about half of 
tJiis area, and among them two series have been recognised : (1) a series of 
hard, handed, and much granitisod gneisses of an Archseuu type; (2) a series of 
quartzites, phyllitcs, schists, and gneisses of sedimentary origin with associated 
amphibolites, hornblende schists, and other more or less metamorphosed igneous 
rocks. The two series, which were probably originally unconformable, have 
been folded together along axes which are predominantly inoridiomil in direction. 
They have also been pierced by numerous igneous intrusions, which are readily 
subdivided into .an older and a younger group. The older group consists prin- 
cipally of granites, wholly or partially foliated, w^hich have been affected to a 
varying extent by the forces which produced the metamorphism of the gneisses 
and schists. The members of the younger group are non-foliated, and include 
such types as tourmaline granite, ricbcckite granite, .augite syenite, augitc dioritc, 
and numerous associated dyke rocks. 

Rocks of Cretaceous Age are found in the valleys of the Benue and the 
Gongola and in the angle between the two rivers. They are invariably gently 
folded and sometimes broken and faulted, and consist of a lower series of sand- 
stones and grits, in part salt-bearing; and an upper series of limestones and 
shales, with numerous fossils of Tiironian Ago. The post-Crelac*oou.s rocks, 
wdiich rest unconforniably upon the Cretaceous limestone, and are probably all of 
Eocene Age, occur over three detached areas : (1) in Sokoto province and the 
Niger valley, (2) in Bauchi and Bornu, and (S) in Yola. *The Sokoto series, 
which contains marine intercalations yielding abundant Eocene fossils, is con- 
tinuous southward with the sandstones, grits, and ironstones of the Niger valley. 
The correlation of the sandstones, grits, and cluys of Bauchi, Bornu, and Yola 
with the Eocene rocks of Sokoto and the Niger valley is based partly upon 
lithologjc.'il similarities and partly upon the absence of evidence of any extensive 
post-Eoccnc submergence of the Protectorate^ 

Extensive fields of basaltic lava occur in Southern Bornu and on the borders 
of Bauchi .and Nassarawa; and numerous puys of trachyte, phonolite, olivine 
basalt, and nepheliiie basalt are distributed throughout Southern Bauchi, Muri, 
and Yolfi. The puys and lava fields alike are the product of Tertiary volcanic 
activity. 

During the fatter part of the Tertiary period there appear to have been 
repeated minor oscillations of the crust, which culminated in the elevation of 
the Bauchi plateau and the Nassarawa lablclaiid, the depression of the Chad 
area, and the establishment of the present river system. 


6. Notes on Natal Geology. By Dr. F. H. Hatch, F.G.S. 

Excepting the Cretaceous rocks, which only attain to a quite unimportant 
development on the coast, there are three distinct formations which, separated 
by great unconformities, take part in the geology of Natal. These are : — 

The Karroo System (Carboniferous to Jurassic). 

The Table Mountain Sandstone (Devonian). 

The Metamorphic Basement Rocks (Swaziland or Archaean). 

The horizontal beds of the Karroo System are of enormous thickness, and 
extend over the greater part of the colony, from the Drackensberg to near the 
east coast. Near the summit of the scarp of the Drackensberg they consist 
of the Stormberg lavas and tuffs. These are underlain by the other divisions 
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of the Stormberg — ^the Cave Sandstone, Red beds, Molteno beAi, &c. — while the 
base of the scarp and the foot hills are composed of the Beaufort mudstones and 
of the Ecca sandstones and shales, the Ecca sandstones carrying the coal resources 
of the colony. The Dwyka Conglomerate forms the base of this system, the 
underlying old rocks being frequently grooved and polished bv ice-action. 

A big unconformity separates the Karroo rocks from the Table Mountain 
sandstone, which has been eroded often to a comparatively thin bed of con- 
glomerate, or even completely removed before the deposition of the Karroo 
beds. It has, however, retained the horizontal position in which its beds were 
first deposited, and forms several typiciil table moi.ntains, as Table Mountain, 
near Pietermaritzburg, Kranzkop on the Tugela, and Nkomo in Zululand. In 
this respect it contrasts sharply with the underlying metamorphic schists and 
quartzites of the Swaziland System, which are folded into well-marked anticline 
and synclines, and almost invariably present a steeply inclined outcrop. These 
metamorphic rocks comprise quartzites, ferruginous j!i.spcroid rocks, conglo- 
merates, and mica, chlorite, kyanite, and hornblende schists, and are in places 
invaded by intrusions of granite and permeated by veins of aplite and pegmatite. 
These old rocks, which are probably equivs^jent to the Arohiran, appear wherever 
the rivers have deeply incised their valleys, and as this can only occur in the 
lower part of the river-courses, the outcrops arc confined to the ca.sterly portion 
of the colony — for instance, in Zululand in the valley of the Tugela, in the 
gorges of the Buffalo, in the cafion-like valley of the Msiizi, and in the 
Frahliituzi and Umfiiti valleys. 

But between these valleys, oven in Ziilnlaiul, great piles of Karroo strata 
still remain, as, for instance, those forming the tTmsinga, Oudeni, and Kala 
Mountains, where the horizontality of the stratification is brought into strong 
relief by the presence of great sills of dolcrite. 

Although the base of the Karroo occurs near Pietermaritzburg at an elevation 
of 3,000 feet above the sea, Ecca shales and Dwyka conglomerate are also found 
at sea-level oh the coast at and south of Durban. This can only be explained, as 
pointed out by Siiess. by the assumption of the existence of a great N. and S. 
fault, the train of which lies considerably east of the prc.sent scarp of the 
Drackensberg. The latter has been, and is still being, pushed to the west by 
the erosion of the Natal rivers, which practically all take their source on its 
slopes and flow eastward to the Indian Ocean. 


FRIDAY, I^EPTFMnER 2. 

Joint Meeting with Section E . — Sec p. 652. 


MONDAY, SEPTEMBER 5. 

The following Report and Papers were read : — 

1. Repen't of the Seismological Committee . — See Reports, p. 44. 


2. The Geolog of Cyyrenaica. By Professor J. W. Gregory, D.Sc., F.R.S. 


3. An Undescribed Fossil from the Chipping Norton Limestone. 
By Marmaduke Odling. 


1910. 


B R 
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4. The Glaciated Rocks oj Amhleside, 

By Professor Edward Hull, LLD., F,R.S. 

I visited Ambleside in the beginning of August in order to ascertain the 
condition of the remarkable glaciated rock-surfaces which are to be seen there. 

I first visited Amblosido in 1862, when I noticed the well-known form of this 
rock, exhibiting on its smoothed surface the parallel groovings characteristic 
of rocks over which the ice oi a glacier had formorly passed. The rock, ioTTued 
of indmnlod grit and slate, presented the characteristic ‘ crag-and-tail * form, 
pointing to the direction, nearly magnetic north, up the valley of the Bothay, 
from which I gathered th.at the glacier had descended from Helvellyn and the 
neighbouring heights forming the central ridge of the Lake District. This view 
was confirmed after an examination of several other valleys and mountains; 
and the results were published in the ‘Edinburgh New Philosophical Journal.* 
I’here are other ice-eroded bosses of rock rising out of the valley as well as from 
the surface of Lake Windermere. But it is .seldom that glacial striae can now be 
observed, owing to the effects of weather-action, so that the Ambleside rock is 
of peculiar interest from the freshness of its surface. The sketch which accom- 
panied my paper was reproduced by Sir Charles Lyell in his ‘ Antiquity of Man ’ 
as evidence of the former presence of glaciers in the Lake District of England. 

I attribute the freshness of the rock-surface and its strialions to the fact 
that, when the ground Avas being cleared for the foundations of the modern 
church which occupies a site here, it was pai’tially covered by a coating of 
boulder clay or moraine matter, by which the surface was protected from 
atmospheric waste and erosion.* This covering w^as probably removed, leaving 
bare the rock, which, owing to its peculiar form, was left undisturbed. Con- 
sidering that steps should be taken with a view to the preservation of this 
natural monument, I consulted the Rev. J. Hawkcswith, vicar of the parish, 
who promised to consider the possibility of effecting this object. These 
memorials of the Glacial Period are yearly disappearing. Boulders and erratic 
blocks are being broken up for building purposes; moraines are being cleared 
away or laid down In pasture-land, or for agriculture or building; and the striae 
and grovings of the rock-surfaces are being covered over or wefrn down by traffic. 
It is, therefore, of great importance that their presence should be recorded on 
maps, or that their remains should, ae far as possible, be preserved intact. 

5. The Shelly Moraine of the Sefstrom Glacier, Spitsbergen, and its 
Teachings, By G. W. Lamplugh, F,R,S. 

The Sefstrom Glacier when first mapped by Professor De Geer in 1882 had 
its sea-front two or three miles back within its side-valley, and was flanked on 
both sides by fiuvio- glacial outwash plains. Between that time and 1896, when 
it was again examined by Professor De Geer, it had advanced about four miles, 
burying the outwash plains, filling its valley up to the mountain slopes, and 
bulging out into Ekman Bay in a broad lobe that reached acros.s to Cora Island, 
hardly a mile from the opposite shore of the bay. But already in 1896 it was 
sinking back; and when visited in 1908, though its detached snout still hung 
grounded on Cora Island amid huge masses of morainic material, the main front 
had so far recoded that there was again a sea-passage between it and the island, 
and a narrow strait, with ice-cliffs to right and left, between the new front and 
the detached portion affixed to the islands Since then there has been further 
recession, so that this year (1910) we found a wider passage ; but a remnant of the 
melting snout still shone up conspicuously amid the red moraine on Cora Island. 

In its original condition Cora Island was a low spit about two miles long and 
half a mile or more wide, composed of Carboniferous limestone partly covered 
with raised beach; but it has been increased to more than twice its size by the 
moraine banked upon its western side during its invasion by the glacier. This 
moraine, which for the greater part must have been actually under the ice at its 
maximum, has been thrown in a tumultuous siu'cession of ridges and hollows 

* The boulder clay can be seen resting on the rock alongside a footpath on 
the north side of the churchyard. 
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acrois the flank of the island, forming a curved belt about three inili-.s K)ng, nearly 
half a mile wide at its broadest, rising in jdaces to 50 or 60 feet above son -level, 
and ending shari>ly, whore it touches the original island, against the Inwoi’ bare 
ground, with hardly any ‘out wash.’ It consists almost entirely of streaky red 
clay containing a few .scratched boulders, and crowded with marine shells, some 
broken, l)ut most of thorn j)erfect and the bivalves nnit<*d. The clay has evidently 
been derived, in the first place, from tho red Devonian rocks into which the fiord 
is vwi ) but its more immediate, origin was the neighh(mving sea-bottom, wi^ich has 
undoubtedly been drugged u]> in some way by the gbu ie.r in its advance. The 
existing remnant of the glacier was s«*en to be curiously entangled among the clay, 
and tho presence of smaller masses of ie<! buried iindj'r the moraine was indicated 
by the cratcr-like hollows of subsidence by which its surface was pitted. 

These facts show clearly that (1) malerial similar to some English boulder- 
clays may form the trnnimt/ moraine of a glacier; (2) a glacier advancing over 
a. sea-bottom may incoi’porato marine detritu.s abundantly in its moi'aine; {‘A) banks 
of boulder-clay may terminate abruptly and wilh a sharp boundary on hare nn- 
glaciated land; (1) material in the })atli of an advancing glacier may be uplifted 
sharply on a rising slope. The possibility of these events has been fiecpHaitlv 
doubted IniL is here j)roved. 


Joint Mfrlwfj with Sifh-srction B {Af/rirvlturr ). — See p. 585. 


,S'A7'y’AM//>7;A* 6. 

The following l^apers were read : — 

1. The Cause of Gravity Variations in Northern India. 

By Prof(*ssor Sir Thomas fl. Holland, K.C.J.E., D.Sc.. F.B.S. 

Among the gravity variations indical.ed by tho plumb-lino aiui |H*ndiilmn ob.ser 
vatioiis eondiicted in India the most con.spic amus is the hand of high gravity, first 
delected by Colonel S. (J. Uuriard, R.E., E.R.S., .streicliiiig from about Ki.snapnr 
(latitude 25° 2', longitude 88° 28') in Bengal to ca point between Feroze-^ 
pore and Montgomery in the Punjab (latiiude 20'' 50', longitiid(? 74° 20').' 
The direction of this hand of high gravity parallel to the general trend of tho 
silt-filled (Jangetic depression, tho great Himalayan folds whi< li have developed 
.since Lower T’ertiary times, and the pre-Tertiary shuni line between Coiidwana- 
laiid and the great Eurasian Ocean suggests a genetic relationship between 
these four features. With tlu*.«e may he eorrelated tlie general tveiul of faulting 
during pre-Deccan Trap times in what is now tho (knitral and Northeiri part 
of Peninsular India. A general east-we.st trend is shown by th(* faults which 
affect the Vindhyans and are of older date than the Permo-Caibonifcrou.s ; hy 
tho later faults which affect the L<»wer Condwanas and are of eirlier date* than 
the Trias; and by the still younger faults that disturb the Upper CSondwaiifis 
of Triassic and Jurassic Age. In tho same aiea there is a general Umdemy for 
the dykes of Deccan Trap Age flipper Cretai-enus) to bdlow an easi-west direc- 
tion. These faults and also the Assures into whi<h the basic rock was injetted 
were formed throughout the fieriod during which, from Lower Ful-rnzoic to 
Upper Mesozoic times, there was a continual denudation, with consequent lelief 
of load, from the Gondwana continent, and a corresponding loading with accom- 
panying, if not consequent, depression of the adjoining ocean bottom immediately 
to the north of the line now occupied by the crystalline, snow-covered peaks of 
tho Himalaya. The persistence of this process must have resulted in a stretching 
of the continent in a general north -south direction, as shown by the transverse 
normal, or tension, faults. The process culminated with the great out-welling 

^ See Burrard, Pfiil. Trans., A, vol. 205, 1905, pp. 289-318; Lenox-Conyng- 
ham, Survey of India, Professional Pajier No. 10, 1908. 


R n 2 



608 


TRANSACTIONS OF SECTION 0. 


of tlir Dfsmiri Trap inwards thn C'nd of CTetacnoiis times, and tVieTeatteT TolAowed 
th« d€»pre.s.sion of the Oangctic bolt wiih'tlio folding np of the. Himalayan range. 

As the Deccan Trap spread in thin sheets over huge areas, it presumably 
came out in a liigh degi-ee of fluidity and with a high temperature, while its 
mass was too great for its eruption to be due to fusion by accidental local 
causes. It is thus justifiable to assume, as the most probable of hypotheses, 
that it represented the outwelling of the persistent, subcrustal, basic magma, 
which is assumed by many on other grounds to exist in a state of fluidity, or 
potential fluidity, at about 30 to 50 miles below the surface. 

Ft has been asserted that Dutton’s theory of isostasy necessarily incurs a 
perpetuation of the process of increasing depression in the area being loaded, 
and of continued u[)rise in the adjacent area which is exposed to denudation. 
But if my deduction as to the origin of the tension faults in Peninsular India 
be justified, and if the Deccan Trap outburst was caused by the culmination of 
this process, we have an instance which shows that isostasy can come to an end in 
suicidal fashion, and thus a formidable objection io Dutton’s theory is removed. 

By borrowing an idea ably expounded in a series of papers by Professor 
R. A. Daly, of Massachiusctts, wc have also, with the facts briefly indicated 
above, a reasonable explanation of the (langetic depression and of the heavy 
band which underlies the alluvium in a dire(*tion parallel to the tension faults 
further south. Professor Daly assumes that under fa\ourable circumstances the 
sub-crustal gabbroid magma may enter the shell of tension, which has been 
postulated by Mellard Reade, 0. Davison, O. H. Darwin, 0. Fisher, and M. P. 
Riidski to exist usually below the sii|)erflcial shell of compression. He also shows, 
from purely mechanical considerations, that intru.sions into this shell tend to 
expftnd into batholiths, and, by I’educing llie tension, te nd to pull down the surface 
into marked geosynclincs. ^ If now we assume that in the northern part of 
Peninsular India the stresses during Palaeozoic and Mesozoic’ limes were pre- 
dominantly in a north-south direction, as Indicated by three generations of 
prccretaceous, normal faults, we may likewise assume the production of basic 
batholiths with a general east-west alignment in Northern India. These deep- 
seated masses of basic (or probably ultra-basic) rock are suggested as the cause of 
the subterranean' band of* high gravity as well as of the G,T,ngetic depression; 
tin* withdrawal of the material forming the batholiths may account also for the 
deficiency of gravity under the visible Himalaya as well as for some distance 
southward under the plains along the foot of the range. A similar, though 
possiblv less jironoiiriccd, distribution of gravity •should on this theory bo found 
along the Indus valley to the south eastwards of the Baluchistan folds. 


2. Discussion on the Concealed Coalfield of Nottinghamshire, Derhyshire, 

and Yori^hire. 


(i) On the Concealed Portion of the York, Derhj, and Nottingham Coalfield, 
By Professor Primiy Fry Krndall, M,Sc,, F^G,S, 

This groat coalfield is a basin of which only the western moiety is exposed, 
the other part being concealed by a disciordant cover of Permian and later rocks. 
Many attempts had been made to define the limits of the concealed extension, 
but these were based upon no principle. When the author was invited to report 
iipciii the question to the Royal Commission on Coal Supplies in 1905 his atten- 
tion had already been direeted to a possible solution of the problem by reference 
to the remarkable attenuation of the Jurassic and Lower Cretaceous sequence in 
the tract of country about Market Weighton. Here the rocks that, in the 
Cleveland area and on the coast to the north of Flamboro’ Head, attain a 
thickness of upwards of 3,<)0() feet are reduced by failure of deposition or by 

1 See especially Professor Daly’s paper ‘Abyssal Igneous Injection as a 
Causal Condition and as an Effect of Mountain-Building,’ Amer. Journ. Sci, 
xxii., 1906, 195-216. 
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RuccesRiv© wuconfovmities to ItX) teot ol lnn’<jcr LiaR. As ibis ^real V\\atu& occaitr 
ill oxarti alignment with the iiurlUcrii e4ge o£ the ooaliieldy it is }nobablc t.h;it it 
marks a series of ‘ postliumous ’ inuvemciits of the pro-Permian fold by which 
the coalfield was defined. 

By a similar lino of avguniont the southern boundary is connected with the 
Charnwood axis, whose posthunious effects are seen in the dying out of certain 
of the Mesozoic rocks, the Kimmeridge Olay near Cambridge. The eastern 
margin is altogether more pjoblematical. It may possibly bo indicated by an 
antirliiuil fold near Willoughby and Louth in Lincolnshire, but no practical 
importance attaches to the determination of the point, as the Coal Meas(ii’e.s in 
any case would be out of reach of the miner. 

Sime the Report of the Commission was published borings have been put 
down at Newark, near Thorne, and near Selby that have proved the cxistciu‘o 
of Coal Measures at those places, and hav<*, so fur coiiririncd the coiudusions in the 
Report ; and I am now permitted to announce that a boring that is now being 
put down at Scunthorpe, on the csusterii bank of the Trent, has also pr<ived Coal 
Measures, and thus carries the proved coalfield another eleven miles to the cast. 


(ii) The Coal Measures oj the Concealed Yorkshire, N ollimjhamshire , and 
Derhyshire Coalfield, By Wali'ot Gihson, D.Sc, 

On the map acconipanyiiig Mr. (Jiirrcr Hrigg’s Report on District D in the 
Final Report of the Royal CoinniisKion on Coal SuppUo.s for lOO.^i, a triangular 
area having its ajKJX at the Haxoy (S. Carr) boring is marked off jus the proved 
extent of the concealed coalfield. 'J’he jirea thus defined amounts to about. 
460 square miles. To this, as the msult of information obtained from several 
borings for coal completed since lfX)5, there can Iw^ JKldod about 200 square miles 
situated north-east of Haxoy and about 2tK) scpuirc miles lying south-east of 
Haxoy. Much information has also been collected in the proved coalfield. The 
now material, so far as it relates to the Coal Measures, may be considered under 
(1) shape of the Palajo/.oic floor, (2) character of the mea-sures, (3) the workable 
scams that are likely to occur within 4,0(K) feet depth, and (4) their probable 
extension beyond tne limits considered as proved in the Report of 1905. 

1. Pula ozoio Floor - Between the outcrop of the Magnesian Limestone Jind the 
River Trent, north of Nottingham, fho Periiiian rests on a uniform plain wilh a 
slope not exceeding two degrees jind having a general direction to fhc cast or 
a little north of east. Over the faulted area, .south of Nottingham, the unifonnity 
of sl«)f)e has lieen broken; but outside the faulted Ijelt the sjuiic even si r face is 
iiiaiiilainod between Ruddington, F Iwalton, and Owthorpe. 

2. dhoravler of the il/rfl.bwrcs’.--The Barlow (Selby) boring in the north, the 
Thorne boring in the east, jiiul that of Owthorpe in the south shnw that the Coal 
Motasures immediately boncath the now forniation.s belong to an horizon several 
hundred feet alxivc the 'fop Hard or Barnsley Cojil, whieh is a high Jirid most 
valuable st'am in the coalfield. In fhe.se measures a marine band (^) to ,50 foot 
thick) lies between 520 feet (Oxt«)n boring) and 629 feet (Mari.sfi<'ld Colliery) above 
the Top Hard Cojil in Nottinghamshire, and, as ascertained by Mr. Culpin at 
Brods worth and Bentley and by Mr. Dy.son at Maltby, between 670 find 70,5 feet 
above the B:i/nsley Coal in Yorkshire. The fauna, exclusively marine, is repre- 
sented by fifty spe/'ies distributed among thirty-seven genera. Many of the forms 
occur in the shales below the Millstone Grits, and a few represent survivors from 
the Carboniferous Limestone. The persistence, thickness, and fauna of the bed 
indicate a general and a fairly prolonged incursion of the o^xm sea during late 
Middle Coal Measures. Minor incursions are represented by a few thin beds 
occurring above and below this horizon in Nottinghamshire and Yorkshire. 

The thickness of the rnoa.snres as a whole increases to f he n»>rth and dirniiij.sfi<‘S 
to the east. 

3. The Workable Seams , — All the borings and sinkings strike Coal Measures 
above the chief marine bod ; but, except at Oxton and Maltby, both situated in 
the proved coalfield, the Upper Coal Measni'es have been completely removed by 
pre-Permiaii denudation. The seams above the Top Hard Coal and Barnsley Coal 
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are irregular in their occurveneo and of uncertain quality. In the Doncaster and 
Thorne area the Duiisil Coal 50 feet b^low th»^ Bainsloy Iwd appears to be a 
valuable seani, but it deteriorates south of Doncaster. Most of the lower coals 
over the recently proved extension of the coalfield lie beyond the limit of profit- 
able w'orking. The future resources of the coalfield therefore mainly depend upon 
the thickness, quality, and depth of the Top Hard or Harnsley Coal. 

Kxtpni^ion . — As a result of the explorations made since the Report of I9t)5 the 
proved limit of the concealed coalfield may with some confidence bo extended to 
a lino joining Selby, Thorne, Ilaxey, and Owthorpe, but. the quality and thickness 
of the coal cannot be foretold. There is no conclusive evidence to show whether, 
north of 'J’hornc, the Barnsley Coal will take on the inferior character which it 
assumes north-east and ciist of Wakefield under the name of the Warren House 
Coal, and whether the thinning out of the 'Dq) Ilanl Coal observable in fome of 
the coliieries south of Alansficld will continue to the east. 

A further extension north of the Ouse, east fd' the 'rient, and south-east of 
Owthorpe, is probable, but it is inqjortaiit to l><*ar in minfl how' much there must 
be of conjecUire in any conclusions arrived at from the slender evidence at 
present available. 

3. Marlm Bands in the Yorlshlir (U)al Measure^. By H. Culi’IN. 

Until rettMilly tin; lecords of marine I’o.s.hIs in the Vork.shire Coal Measures, 
except from I he lowest beds, were very meagre. Five bands containing them 
wore kmivvn. two (the roof of the Thin coal, and the IVclen bed forming the 
roof of th(’ (lannister coal) being near th^^ base of the. Coal MeaMires, one about 
HO feet above the Silk.stone <M)al, and two above the. Shafton coal. 

As the result of an examination of the ground gone through in sinkings to 
the Barnsley coal in i he neighbourhood of Dofica,- ter, four fin thei’ bands, all 
of which lie ladwi’en the Shafbui and the Barnsley coals, can Jiow be added t«) 
the list, tin; positions of the same being approximately TOO feet, 575 feet, 
:tS5 feet, and lit) feet above the Barnsley 'coal. 

The band about 70i» b>et above the Barnsley coal is the most important one 
of the four, and its distinctive char.icteristi<*s make it an e^^ccllcnt datum line 
ea.sy of recognitioti in the exph»ratiofi of the cfuicealed coalfield to the east of 
the" county. It is 15 to feet thick. At the top it consists of blue shales 
marked with fucoids and having a soa])y feeling to the touch. Similar shales 
below these are erow'ded with Limjula Beneath these are greyish- 

blue hard shales, whi<’h in turn le.st on a hard greyish-blue limestone. The 
lower sh.des are very fo.‘^l-ilifeJ•ons, and the limestone rnodeiately ro. 'J'he fossils 
obtained include live s-])ecies of brachiopods,« sixteen species of If^mcllibranchs, 
three spe< ies «)f gasteropods, thirteen species of «ophalopofls, and a crustace*'in. 
Among the fi.^h remains is TAatrarnnUniA irauti. 

^Marine f(.ssil.s have alio been recently found in clay pits at Darfield, at 
Walton, near Wakefiidd, at N<istell, aJid at Castleford, but the position of the beds 
containing them ifi the geological .sequence lias not yet been fully w<n’ked out. 


4. The Occurrence oj Marine Bands at Mali by. By Wm. H. Dyson. 

During the sinking operatiojis . at Maltby the writer has located the strati- 
graphieal position of the fossils found, and has inspected the excavated dcTnis 
day by day. Although all fossils have been collected, reference is only here 
made to the marine bands. 

Taking the top of the Barnsley Coal (2,452 feet 2 inches deep or 2.195 iecit 
5 inches below Orduaiiee datum) as a ba.se line, tlio lowe.st marine band, 
8 feet 7 inches thiek, occurred 540 feet 1 inch above the Barnsley Coal, the 
section being 1 foot 11 inches of bastard cannel overbiin by 6 feet 8 inches of 
blackish bind with b&lls of pyritc.s, and contained the following fossils, mostly 
preserved* in pyrites : Lingula wytiloidcs, ? Posidonklla, Pttrinopecten carbon' 
arius, P. papyiorfua, Sraldin carbnnoria, Eupliemus urei, Marrorheilina sp., 
Ghjphioreras sp., Patacanihus, ? Cheirodus, McgalichthySy Phadinichthys 
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monensis, RhizodopsU sauroides. Among these Macrocheilina wus fairly 
abundant. 

The next bed occurred 564 feet 1 inch above the Barnsley Coal. The material 
was dark-blue bind with ironstone and small cank-balls, and the following forms 
were present : Lingula inytiloides, Orbiculoidea nitida, Myalina compressa, 
Straparollus sp., Euphemus urei, Naficopsis sp., Pleuronautilus costafus, Soleno- 
cheUuSf cydostomoy Acanthodeny Chidodus, CadacnnthuSj MegolichthySy Platy- 
somus, Elonichthyn or Acrolepis, Rhizodopsis. Among these Straparollus is new 
to the Middle Coal Measures. 

The next marine band, 20 feet ^ inch thick, lies 708 Feet 10-^ inches above the 
Barnsley Coal, the section being 19 feet ^ inch of dark greyish-blue shale wilh 
hard cank-balls, resting on 12 inches of argillaceous limestone. It contains an 
abundant fauna, including twenty-six genera and thirty-five species of inveite- 
brates, all marine forms. Chofictcs laguessiana, Lingula mytiloidvs, Orbicu- 
loidea nitida, Productus anthrax^ Ctenodonta lavirostris, Myalitia compressa, 
Nucula fJRqualis, N. gibhosa, N. liiciniformis, Nvculana acuta, Posidoniella 
Icbvis, P. sulcata, Pseudamusium anisotum, P. fibrillosum , PUrinopecten papy~ 
raceus, Scaldia carbonaria, Schizodus antiguus, Syncyclonema carboniferum, 
Euphemus d*orhignyi, E. urei, Loxonema acvtum,' L. ashtonensc, L. sp., 
Ithaphistoma radians, Bdlerophon sp., ? DimorphoceraM gilbertsoni, Ephippio- 
ceras clittellarium, Gastrioceras carhonarium., (?) Glypliioccras paucilobum, G. 
phillipsi, G. reticulatum, G. sp., Orthoceras ascicularc, 0. sulcatum = Koninek- 
ianum, 0. sp., Pleuronautilus costatus, Acanthodes, Calacanthus, Elonichfhys, 
hist r acanthus, Megalichthys, Platysomus, Tihizodopsis sauroides. Among these 
Pseudamusium anisotum has not hitherto been found above the ('arboniferous 
Limestone. Among the fish-remains Lisfracant/n/s .vlioiild be noted. 

The highest bed occurs 1,000 feet below the summit of the Middle Coal 
Measures, and 1,2441 feet .above the Barnsley Coal. It is 10 fee! 11 inches thick, 
consisting of grey bind with ironstone bands, of greasy appearance. The f.auna 
is poor, but goniatites are not uncommon. Lingula mytiloides, Orbiculoidea 
nitida, Myalina compressa, Nuculana acuta, ? Bellerophon sp., Glyphioceras 
phillipsi, G. sp., Orthoceras sp., TAst meant hus, Megalichthys, Bhadinichthys 
monensis. Among the fish-rem,ains Listraennthus is to be recorded. 

The writer is indebted to Dr. Wheelton Hind, F.G.S., and Dr. A. Smith 
Woodward, F.R.S., for examining and naming the fossils. 


5. The Geology of the Tilterslone Clee Hills. 

By E. E. L. Dixon, B.Sc., A.R.G.S., F.G.S. 

The following is a preliminary account of the rocks overlying the Lower Old 
Red Sandstone of the Titterstone Cloe Hills, Shropshire : — 

Sedimentary Series ... 4. Coal Measures. 

3. Millstone Ciit (so-called). 

2. Carboniferous Limestone Series. 

1. Upper Old Red S.andstono. 

Intrusive . rocks .... Dolerite. 

(1) The Upper Old Red Sandstone, consisting largely of sandy and pebbly 
beds, is fixed in age by its fish-fauna, which has long been known. Its junction 
with the underlying Lower Old Red marls is perfectly sh.arp and probably marks 
an unconformity. Upward, however, the group passes into 

(2) The Carboniferous Limestone Series. The correlation of the local develop- 
ment with the Avonian of other districts has been sketched by Dr. Vaughan,' 
w'hose chief conclusion, that the highest recognisable horizon is little, if at all, 
higher than the upper part of the Zaphrentis Zone, holds good throughout the 
outcrops. The part of the series which overlies this horizon is so thin that 
it is difficult to believe iLit the top is much younger, even after making allow- 
ance for the fact that it consists of such shallow-water ^leposits that its rate 
of deposition must have been conditioned by the rate of subsidence of the sea- 

^ Quart. Journ. Geol. Soc., vol. Ixi., 1905, pp. 252 — 4. 
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bottom. This conclusion as to age is supported by the age and relations to the 
local * Millstone Qrit/ of the top of the Carboniferous Limestone Series in the 
Forest of Dean and the Bristol area [op. cit.). 

(3) The * Millstone Grit/ which consists largely of sandstones and conglome- 
rateSj is undoubtedly conformable with the Carboniferous Limestone Series, and, 
as regards its base, is probably, from what has just been said, of Syringothyris 
age, and therefore much older than the Millstone Grit proper. Unfortunately iMs 
marine fossils, found at but one horizon, are of no zonal value, but its plants, 
from various levels, connect it, according to Dr. Kidston, with Lower Carbon' 
iferous rocks, not with the Millstone Grit proper. The conclusion that the 
lower part is older than the Millstone Grit proper may therefore extend to the 
whole, and it is suggested that a non-committal place-name be applied to this 
formation instead of ‘Millstone Grit.’ 

(4) The Coal Measures include ‘ sweet,’ i.e., non-sulphuroiis, coals at several 
horizons from the base upward, and have yielded, besides a fairly rich flora, 
a small marine fauna at one or two horizons. The most important point, however, 
is the fact that they arc not conformable with the ‘Millstone Grit.’ This 
relationship has boon revealed in a quarry, where their basal bed, a pebbly sand- 

resta^ at a low inclination and with marked discordance on evenly-dipping 
beds of Grit ; and it affords the only satisfactory explanation of a transgression 
of the Measures across the outcrops of the Grits, which is brought out by six- 
inch mapping. 

As the * Milistoiic Grit ’ is, in part at least, much older than the rocks of that 
name which underlie Coal Measures elsewhere, it becomes of interest to inquire 
whether the break between it and the Coal IMeasiires on Clee Hill corresponds 
merely to the period of the Millstone Grit proper, or whether it includes some 
part of Coal Measure time also. That is, what is the age of the bnse of the. Coal 
Measures on Clec Hill? 

A feature of these measures is the presence in them of red clays and green 
sandstones of ‘osplcy’ typo, at intervals from a few feet above the base upward. 
According to Dr. Walcot Gibson rocks of these characters are not known in Coal 
Measures of olher parts of England and Wales from any horizon low’er than 
the Etruria Marls or a short distance below. Stratigraphiccal evidence, also, sug- 
gests that the Coal Measures of Clee Hill commence at this level. For there 
is no doubt, as has been pointed out by Mr. Daniel Jones, but that the Clee Hill 
mecisures are on the same horizon as the ‘ sweet coal scries ’ of the adjacent 
Forest of Wyre coalfield. There, in the Kinlet district, the junction of this 
^ries with the overlying sandstones which yield ^,he ‘ sulphur coals * was found, 
in the course of an extension of the work to that neighbourhood, to be probably 
confornuble ; and therefore, as the sandstones have been recognised by Dr. 
Gibson and Mr. T. C. Cantrill as representing the Newcastle-under-.Lyme Series, 
we may conclude that the ‘ sweet-coal .series * which, like the Clee Hill measures, 
includes some red clays and ‘ esplcy ’-like sandstones, corresponds to part of the 
Etruria Marls. It may be added that the most recent Coal Measures on Clee 
Hill are sandstones resembling the Newcastle Series of the Forest of Wyre, but 
too thin (they form an outlier of a few acres extent) and poorly exposed to 
yield further evidence of th{‘ir age and relationships. 

Against the conclusion that the Clee Hill measures commence with a repre- 
sentative of the Etruria Marls it may be urged that the latter in their typical 
development ^ yield neither coal-seams nor the flora and fauna whieh have been 
obtained on Clec Hill. Similar coals, however, occur elsewhere in England and 
Wales at intervals up to much higher horizons, though not in association with 
the typical Etruna Marl rock-faedes. The objection based on the flora is of 
greater weight, for Dr. Kidston finds that the plants are Middle Coal Measure 
forms, and therefore suggestive of a horizon lower than the Etruria Marls. But 
li may be remarked that the flora of the Blackband Group immediately below the 
Etruria Marls— the latter yield but rare plants— includes no forms which do 
not occur in the Middle Coal Measures below.s The fauna of the marine bands 
IS unfortunately of ng horizonal value, though it includes a Productus which 


' See Dr. Gibson, Qunrt. Journ. Oed. Soe., vol. Ivii , 1901, pp. 261 et scq. 
* Dr. R Kidston, Qmrt. Journ. Qeol, Soc., vol. Ixi., 1906. p. 318. 
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Dr. Vaughan finds closely resembles a form (P. aff. scahriculus, Mart.) abundant 
in the Avon section and elsewhere at the top of the Dibunophyllum Zone. 

Finally, a consideration of the thicknesses and characterp of the sedimentary 
series and of the outcrops of dolcrito shows that eartli movements along a 
N.E.-S.W. line have made themselves felt during - 

► (1) Upper Old Red Sandstone and Lower Carboniferous times; and 
(2) Some period between Lower Carboniferous and Coal Measure times. 
(This movement has resulted in the unconformity between the ‘ Mill* 
stone Grit’ and the Coal Measures.) 

And further that the dolerite canic up through several passages, some of which 
form a linear series having approximately the same trend. 


6. Structural Petri jactiom from the Mesozoic^ and t/ieii heaunq on Fimil 
Plant Impressions. By Miss M. (.J. STOP^J.s, D.Sc., Ph.D., F.L.S. 

’Vhis paper dealt with the in\][vovti\ucc vd the structvwaV petviiartions in t\\e 
Carboniferous — c.r/., exposure of the true uatiire of so many suytposed ‘ fcvim ’ ; 
with the need of similar petrifactions from bods of Mesozoic age; and the 
danger of inferences drawn from plant impressions— v.fj., nntrnst\v(»ithine.«^s of 
many of Tleer’.s and Etiings hausen’s systematic (letorininati<>ii.s. 

The discoveiy of true petrifactions in the Cretaceous, tlic nature of the flora 
contained in the nodules, and unusual points in it.s composition were considered. 
Special illustrations of its interest are. : 1 cr/ouV/, a new type of which tluj ex- 
ternal appearance gives no clue to its nature; the discoviMy t)f the iirst-knov/ii 
flower with its anatomy petrified; and of the internal anat<»jiiy «)f the leaves of 
dssonig, long w’ell known as impressions. 


7. On some Rare Fossils from the Derbyshire and Nottinghamshire Coni field. 
By L. Moysey, B.A., M,B., B.C., F.G,S. 

In the temporary museum in connection with tlii.s section there will Ikj found a 
collection of fossils illustrating sonic of tlwj rarer forms of the, (a)al Measure fauna 
obtained during the last eight vear.s from this district. From these it has boon 
thought desirable to select some, mainly fragmentary spet imens, for more detailed 
description, in the hope that they may l>e of assislaiKc in the identification of other 
more perfect specimens, should such bo obtained, and that a discussion on their 
more perplexing features may lead i«) a nunc deliiiite idea as to their afiinitios. 

Specimen 1, from Shipley, near Ilkeston, Derbyshire. These inimite bodies, 
about .3 mm. long, arc evidently the valves of the carapate of a phyllopod. 
A similar fos.sil was descrilied by lica* from IVinisylvania under the name of 
Cyprirardia hir/yi. Dr. Ru[)crt Jones" gave it the name of Afv/m Iciftyi, and 
described two varietie.s, one 7j. leitlyi var. Wi7Ilffjny<onftnft, from Ai’dwick, near 
Manchester, and the other L. h.idyi var. Snltt riann, from (*ottag<‘ Row, Crail, 
Fifeshire. The prosonl- example agrees fairly closely with the Ei fesh ire specimen ; 
but, on the whole, it .seems l^st to create a new .sfwcies for it, Krniu frigonoif/es 
sp. nov., rather than risk confusion by adding a varietal appellation. 

Specimen 2, from Shipley, is of intero.st, owing to the great difficulty of its 
interpretation. Possibly the best explanation is that it is the glaljollar region 
of a Prostwiclria. The presence of two minute crescentic dots, one on each side 
of the median line, is in favour of this theory, on the assumption that they are 
the larval eyes of the animal. Dr, Henry Woodward, however, who has examined 
this specimen, is very doubtful jis to its leinuloid origin. 

Specimen 3, from the Kilbnrn Coal, Trowell Colliery, N(.tts.- This lias alro 
been seen by Dr. Henry Woodward, who thinks it may bo the terminal segments 
of a macrourous decapod, and may be allied to Pygocephalns. The curious 
feature in this specimen is the presenc^e of crescentic openings on each segment 

* Prnc. Acod. Nat. Sc. IVfilnddpJiin. 1 85.3, vii., p. 34 1, pt. 4. 

2 Mon. Pal. Soc., 18()2, Ap})ciidix, p. 115, Plate I., fig. 21. &o. 
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similar to the ‘ stigmata ’ found in scorpions and other arachnids, suggesting that 
it may be a fragment of an air breathing animal. 

Specimen 4, from Shipley, is probably one of the first abdominal segments of 
Ec corpius sp., two spcK'iiiiens of which genus have been found in this district — 
on.', described by Professor Huxley,* from neai’ Chesterfield, and another, at 
present undescribed, found by the author in the Digby Claypit, Kimberley, 
Nottinghamshire. . ^ 

Specimen 5, from Hrindslcy, Nottinghamshire, is a single segment of an 
arthropod, and possibly belongs to an Eurypteriis. 

Specimen fi, from Shipley, is the wing of an insect probably belonging to the 
order Palseodictyoptera of Judder. 

Specimens 7 Jind 8, also from Shipley, are a fragment of a much smaller 
insect’s wing, which, in its incomplete state, would be impossible to assign to any 
definite order. 

InsecUs’ wings arc very uncommon in the Coal .Measures of this district, only 
onehav.ng been found near Chesterfield, and described by S. H. Scudder 2 under 
the name of Archfroptilits itujvns. 


8. The Origin oj the British Trias, By A. R. IIoRWOOi). 

As n n'siiii nt fill invest ig.-it ion covtM’iiig the Midland area, and ospocially 
from a study of the [Jpper Kcuper of Lieicestershirc, the author, who has been 
aided in this msearch by a grant from the Government Grant Committee of the 
R-oyal Society, Jias arrived at the conclusion that, in so far as Great Britain is 
concerned, the Trias was laid down under delta conditions, during which, as in 
the Nile area to-day, a'olian action took place, but was not responsible for 
deposition except locally on a small scale, and following the prevalent wind course. 

The prcmi.sses upon whidi this view is based are as follows : — 

1. There is a continuity of area of deposition during the Upper Carboniferous, 
PeriTiiaii, and Triassic periods, and a relative homology between the different 
parts of each— I'.r., the base of each is rimihirly enjarser than the top, and each 
has a red phase ultimately. 

2. There is a gradual gradation from coarse sediments to finer from below 
upwards, as in modern (and other fossil) deltas. For instance, pebbles pre- 
dominate in the lower phase, coarse sandstones (with occasional pebbles) in 
the centre, and finer ancl finer marls succeed in the last phase, which becomes 
increasingly ferruginous, as it merges into the lak***-phasc of the delta period. 

3. The oldest member of the series, the Bunter, is acknowledged to be a 
delta- formation — as I'rofessor Boniiey showcfl many years ago -and there is no 
evidence' for the discontinuity of the agency producing that mode of deposition. 

4. The continuity of the Bunter and Ketipcr is an argument for Ihe extension 
of delta conditions to the Keuper, some ‘ basement beds ’ being indistinguishable 
from the Bunter. 

5. The general ovidcncc of an oscillation of level in early Triassic times and of 
overlapping is a, proof of aqueous agency. Coupled together these vertical and 
horissoiital movements are more distinctive of fluviatile than lacustrine or marine 
conditions. 

6. There is a close analogy hetw'eei! the contour or geographical configura- 
tion of the Trias (whether we consider concealed or exposed areas), and modern 
delta.s — c.f/., the Mississippi, with its dactyloid extensions beyond the head. 

7. There is a distinct analogy betwTon the regular alternations of pebbles or 
sand and marl and .sea.sons of torretitial rains and floods or drought; that is to 
say, one sort of sediment is brought down at one period of the year, another 
at another. This may he witnessed in modern accumulations such as those of 
I ho Nile or Mississippi, where floods occur. These alternations are due to over- 
flow of banks where ‘ skerries ’ lie on the hilly grounds now, just as they did 
when they were deposited. 'I’he grey marl is heavier tlian the red, and depdsits 
arc arranged as in a diffusion column. 

' Reference not determinable. 

“ S. H. Scudder, ‘ Haxapod Insects of Great Britain,’ Me7u. Boston Nat. Hist. 
Soc., voi: iii., pp. 217-218, 1873-1894. 
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8. The coioratiou of the Trias is original ; that is to say, the red colour, 
imparted by peroxide of i) 9 on, was deposited on sediments under water-level. 
But it is not continuous everywhere with the bedding. * Catenary * bedding is 
thus illusory. In only one case has an anticlinal fold of red-coloured marl been 
noticed underlying a grey band, but, on the other hand, synclinal folds are not 
uncommon, as in catenary bedding, the gr^y (heavier) marl lying in the hollows. 
* 9. The great thickness of the Buiiter pebble beds is a proof of a subsiding area 
at the opening of the Trias and of conditions suitable to a gradually widening and 
deepei;. delta area. 

Normally delta deposits lie at an angle of about 45 degrees with the river bed, 
but as they are deposited in fi. subsiding area these Ix'ds describe an angle of 
45 degre»‘S and hvromp^ horizottfal. Thus the absence, of delta bcd<Hng (not ev.cry- 
where, for it o< curs in Buntor, Lower and Upper Keupor hero and there) in the 
Trias is proof that it was deposited in a subsiding area. 

The ‘radial dip’ around submerged areas is due to the ‘angle of rest* which 
normally produces inclined bods. The winding of the course of a river like the 
Mississippi, producing wide alluvial plains, would account for the Ued Marl being 
deposited much as in a lai'ustrine area. 

10. There is evidence from analogy of the ferruginous nature of the Upper 
Coal Pleasures, Permian, and Trias of the delta origin of the red marls. 

11. The present liorizonlality , the littoral or marginal dip around the hills 
(c.f/. , tJbaiiiwood Koveat), with- the aouth-casterW dip (as in the ('oai MeuMii'ca 
and Permian formatioji), is original. 

Trias reaches a heiglit of S80 feet on Bar<Ion Hill ami is apparently in 
Hence the elevated tracts must originally have been iimler water. 

Moreover, the following facts may be noted in connection with submerged 
hills under the Triassic covering - 

(i) The Trias is horizontal away from the nhlcr hills, as at Hallu*ni, Sileby, &c-. 

(ii) It is horizontal within old gullies and fiords within the islandii- area as 
well as over ‘saddlebacks’ (anticlinal folds in older ro(ks, as at Loiigclille, 
Enderby), as at Groby, Swithland, Mount Sorrel. 

(iii) There is an aksenc© of faults of any magnitude. very slight one 
affects the Ilha?tirs at Glen Parva. The older one at Rardoii has no relation to 
the Trias. 

(iv) It occurs filling fissures at great heights, as at Sikuia Quarry, Bardon 
Hill. 

12. Only the sandstones or ‘skerrh's’ are ri]iple<l. not the marls, with ripj)les 
S.W. to N.E. in direction; that is, the ridg<*s run N.W. hy S.E. generally, the 
force moving the wind and wave thus coining from the S.W. This is to be 
noted all round Charnwood Forest. 

13. The screes are very largely to the S.W. of the submerged older rocks 
which they cover, and from which (as on rea-coasts dunes arc formed with screes 
forming at the foot of cliffs) they are d<*.rived. 

14. The sandstones thin out and disappear eastward fas in flu; Lower J\eup<*r), 
the marls westward, and the sandstones or skernes are ihietly on present hilly 
ground (as in the past). 

15. The surface features of the old elevated i*ncks arc laigoly original, where 
not covered hy the Tri.as. The crags of High Sharpley, Bi'oomhriggs, &c., are 
quite untouched. The structure of the older formation can Ikj di'^tinctly made out 
as at Hanging Rocks. Blarkbrook is only an emptied Triassic fiord. 

16. Desert conditions are confined to the marginal contact of the Red Marl 
with certain older rocks (chiefly syenites as at Croft and Mount Sorrel), and 
this occurs at the same level indicating its merely local pha.‘''e. Wind-polished 
reeks occur to the west and north of Ciistle Hill, Mount Sorrel. 

17. There is an ahsence of dest'rt conditions in the surrounding area /.e., away 
from the old rocks. Only in one instance has an anticlinal fold of Red Marl, 
simulating a dune been discovered, as at Sileby. 

18. The beds of gypsum and rock-.salt arc continuous in a linear direction, 
and are horizontal, which must lie due to aqueous deposition, and brought about 
during the greater lagoon phase at the close of the epoch, or the contemporary 
marginal lagoon phase during early periods of the delta formation. 

19. There is a gradual gradation of tlm Keuper into the Rha*tir8 and so into 
the Lias, marine conditions commencing with the Ilhietics. 
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20. The source of the sedinieriis is in a large measure correlated with that of 
the Buntcr, w'hich was formed by a river coming from north west Scotland. 

21. There is a correspond enc-e between the characteristics of the micropetro- 
graphy of the Banter, Keuper, and modern delta formations. The Leicestershire 
Trias shows signs of chemical action, the Nile delta of mechanical. The chemical 
composition of volcanic, and iiietainorphic rocks locally argues a local as well as a 
distant source for the heavier minerals of the Keuper. 

22. The evidence of the llora and fauna shows that there were provinces, and 
these were so arranged as to allow for the prevalence of delta conditions#^ Tlie 
climate was moist and equable. 

Finally, we conclude that thcio is nothing to prove that desert conditions did 
anything more than locally act upon the ro<-ks mechanically, and to some extent 
chemiially. 77iC// had no part wJiatwer in thr work, of deposition : that i.s to 
say, they disintegrated the previous rocks (pre-Triassii ). 'I’lierc is positive, direct, 
and acciiiniilativo ovideiue prove that the Trias as a. whole (au<l not the 
Jiutiivv only) wns the work of rivor.s which have continued to bring sodiincnt in 
one form or another from the north-west of Britain or (he north more or less 
t onlinuously, under one condition or another, from the close of the marine phase 
of Lower Carboniferous (Mountain Limestone) times. 


9. On a Buried Tertiary Valley IhwugJi the Mercian Chalk Range and its 
later ‘ Rubble Drift." By llcv. A. Irving, D.Sc., B.A. 

'riie author referivd to his paper read at the (kimbridgo Meeting (1904), to 
the previous papers therein referred to, and to the report of an excursion in 
1905.’ New evidence was brought forward showing the actual trend of the 
buried tertiary valley through the Chalk Range; also evidence Ix'ariiig upon the 
later glaciation, and the postglacial physiography of the iqipor Stort Valley, 
especially dealing with the ‘rubble drift,' which frequently mantles the upper 
slopes of the valley and admits of a true correlation with the series described by 
I’restwich.* This includes (1) sections furnished by .some .’KK) graves in Ilockcrill 
(hurchyard; (2) interglacial sands with boulders covered by a later boulder clay; 
(:i) remains of Elephas priniiijenius found in the lubblc drift; (4) remains of 
horse (on both sides of the valley), of red deer (at Stortford and Sawbridge- 
worth), of lios (in considerable quantity at both those places); (5) teeth of horse 
and Bos; (6) a jierforati'd fraguienl of antler of led deer; (7) a core of horn of 
aurochs attached to skull fiagmcnt; (8) oysters, grypheas, and beleinnites from 
the boulder clay. With these occur liumati artefacts — Palicolithic and Neolithic 
Hint inf'plemeuts and ‘cores,’ fragments of baking-tiles, fragments of pottery 
I NcoIithi(^ and Bronze periods), primitive bricks (moulded with haman hands), 
an ingot of crude bronze, fragments of charcoal, and a variety of boulders. 

Kspet ial alt-ention was directed to the* work of hiyh-hvel springs fpd by the 
more sandy and gravelly jioriions of the glacial drift of the hill-cap. Since the 
retreat of the ice the most iiowerful of these springs has been cutting baitk into 
tlie London Clay, and the consequent lateral landslides foimerly ponded back 
the i\ator, producing a bog, recently laid open in the excavation of a pond, and 
found to coiitiiin a Ifolorcnc mollusvav fauna. In that bog the horse-skcUlon^ 
was found, (;oatod with a black carbonised deposit, buried beneath the clay of 
the later landslides of the hill, along with the vegetable contents (vf the paunch 
reduced to the state of peat. I'lie London Clay behind this mantle of ‘rubble 
(iiift ' and the glacial itap of the hill ^ have been proved by four borings made 
into the cap and shoulder of the hill. The assemblage of geological features here 
hears comparison with those at Scluissenried described by Oscar Fraas,’'^ and the 
hones (in one idacc mixed with fragments of tiles suggesting a prehistoric 
‘ refuse-heap ’) are in much the same stage of decay as those described by 
Nanmanri fiom the pile-dwelling site of Staniberger See.* An interesting litho- 
logical observalion of glanronife formed in grains on flints is recorded. 

' P. O. .1., vol. xix. ® Q. ./. ff. S., vol. xlviii.. May 1892. 

See III. Lon. New-% tTune 5, 1909. ■* Mem. Oral. Burveg, vol. iv., p. 449. 

* Arch. f. Anlkrop., 2nd Bd., 1807. ** Ibid., 8th Bd., 1875. 
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WEDNES^DAY, SEPTEMBER 7. 

The following Papers and Reports were read 

1. The Pre-Ocemic Stage of Planetary Development, and its Bearing on 
Earliest History of the Lithosphere and the Hydrosphere, By Rev. A. 
Irving, D,Sc,, BA. 

The phrase * pre-oceanio stage,’ as used by the author* for more than twenty 
years, is explained, and it is thought that the present offers an opportunity for 
a fuller discussion of what is connoted by it, since it appears to have been 
generally ignored by geologists as if <‘oiinoting something ultra-geological. The 
physical principles involved are briefly stated, and special reference is made to 
the author’s letter iu ‘ Nature* ^ five years ago. Tho bearing of the idea upon 
the results established in recent years for the pre-Cambviaii series of rocks, as 
set forth by Pi-ofossor W. G. Muller-* last year at Winnipeg, and by Van Hise * 
two years ago, is discussed, all tending to throw light upon the true position, 
ill the lithospheric snecession, of the great crystalline-schist series, as advocated 
by the author in 1888-89, and by Lawson’’ in 1890, on the linos intimated by 
llonney ® and Credner." J?eference is made to the mineral oj igin of graphite in 
the Archaean stage,* and the probable derivative origin of that found in the 
Algonkian (Huronian) slates, &c. Tho great iinronfonnities and basal conglome- 
rates in the North American series and in other ai’oas arc referred to tlu* abrading 
and erosive and abrasive action of the tides upon the early submarine crustal 
elevations, when tho moon was nearer lo the earth than at ]iiesent,'-' while in other 
areas there is an unbroken succession. Criticisms are offered upon u certain 
theory in vogue as to the salinity of ocean waters and upon certain recent pro- 
nouncements of Professor T. C. Chamberlin.*" Reference is made to ‘cpiral 
nebuloR,* as illnstraling the idea of the nucleate origin of tlu^ ])lan*ts of the solar 
flj^stem suggested by the author in and ad\ocaled by him more recently. 


2. Report on Erratic Blochs of the British Isles . — See Reports, p. 100. 

3. Fifth Report on the Crystalline Rochs of Anglesey . — See Reports, p. 110. 

4. Report on the Faunal Succession in the Lower Carboniferous Limestone 
(Avonian) of the British Isles. — Si’c Reports, p. 10(5. 


5. Report on the Excavation of Critical Sections in the. Palfro^roie Rochs 
of Wales and the West of England . — See Reports, p. 113. 


' A. Irviiig, Metamorphism of Rocks (Tjongman.s, 1889) ; also on ‘ The Malvern 
Crystallines,’ Geol. Mtig.. October ltM)2. 

* ‘ On the Consolidation of the Earth.’ Nature, May 2r», 1905. 

® Brit. Assoc. Report, 1909. 

Presidential Address to the Geol. S<ic. of America, 1908. 

® Bulletin Oeol. Soc. of America, vol. i., pp. 175-194. 

® Presidential Address to the Geol. Soc. of London. 1880. 

^ Oeologie (Leipzig, 10th cd., 1906). 

® A. Irving, Brit. Assoc. Report, 1888, ])p. 630, 679 (Bath Meeting) ; Chemical 
NeufS, No. 1505 ; Met. of Rocks, pp. 116-119. 

® A. Irving, op. cit., p. 91 (reading now pre-Cambrian for ‘ Cambrian ’). 
w Nature, March 10, 1910. 

*‘ A. Irving, op. cit., p. 22. Also Appendix ii., note c. 

** Trans. Vic. Institute, vol. xxxviii., pp. 79, 80 ; also vol. xlii., pp. 187, 220. 
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6. Interim Report on the Microscopical and Chemical Composition of 
Charnwood Rods. 

7. Report on the Igneous and Associated Rocks of the Glensaul and 
Lough Nafooey AreaSy Cos. Mayo and Gahvay . — Seti Reports, p. 110. 

8. Report on the Correlation and Age of South African Stratay dc. 

See Reports, p. 123. 

9. Report of the Geological Photographs Committee. 

S('o Reports, p. 112. 

10. Report on the Fossil Flora and Fauna of the Midland Coalfields^ 
Sec Appendix, p. 827. 

11. Report on Topographical and Geological Terms used locally in South 
Africa . — Sec Reports, p. 160. 



Ti.- ‘ VUV-81X>”lfiHT\Xl, XI>T)K^8S. ^A*d 


Skction J>.-Z00L00Y. 

President of the Section. — Professor G. C. Bourne, M.A , D.Sc., F.R.S. 


TIIUJi^/Ul\ HEPTl^MBEli 1. 

The Presidout delivered the following Address : — 

In choosing a subjert for the address with which it is iny duty, as President of 
this Section, to trouble you, I have found inytelf in no small embarrassineiit. 
As one whose business it is to lecture and give in.‘^t ruction in the details of 
comparative anatomy, and whose ))ublishcd work, t/ualecuiujue .v/7, has been 
indited on typical and, as men would now say, old-fashioned morphological lines, 
1 seem to stand self-condemned as a morphologist. For morphology, if 1 read the 
signs of the times aright, is no longer in favour in this country, and among a 
section of the zoological world has almost fallen into disgrace. At all events, I 
have been very frankly assured that this is the case by a large proportion of the 
young gentlemen whom it has been my fate to examine during the past two years; 
and, as this seems to be the o])iriion of the rising generation of Fnglish zoologists, 
and as there are evident signs that their opinion is backed by an iiiHucntial section 
of their ciders, I have thought that it might he of some interest, and perhaps of 
some use, if 1 took this oi)j)ortuiiity of olToring an apology for animal morphology. 

It is a sound ride to begin with a definition of terms, so I will first try to give 
a short answer to the question ‘What is morpliology ? ' and, when 1 have given 
a somewhat dogmatic answer, I will try to deal in the course of this adtlre.^s with 
two further questions : What 1ms morphology done for zoological science in the 
past? What remains for morphology to do in the future? 

To begin with, then, w hat do we include under the term morphology ? I 
must, first of nil, piotest agains*!: the frequent assumption that wc are bound by 
the definitions of (J. F. Wolff or Goethe, or even of Ha<*cke], anti that we jiiay 
not enlarge the limits of nmrphologieal study beyond those laid down by the 
fathers of this branch of our science We are not — at all events we should not be 
— bound by'asrthority, and we owe no allegiance other than wluit reastui coinn.entls 
to causes and principles euunciatod by our predecessors, however emirieut they 
may have been. 

The tenii morphology, stripped of al the thcoretital conce ] >110118 that have 
clustered around it, means nothing more than the study of form, and it is 
applicable to all branches of zoology in which the relalioiisliips of animals are 
determined by reference to their form and structure. Morphology, therefore, 
extends its sway not only over the comparative anatomy of adult and recent 
animals, but also over palioontology, comparative eiiibryology, systematic zoology 
and cytology, for all those branches of our science are occupied with the study of 
form. And in treating of form they have all, since the acceptance of the doctrine 
of descent with modification, made use of the same guiding principle — namely, 
that Hkeness of form is the index to blood-relationship. It was the introduction 
of this principle that revolutionised the methods of morphology fifty years ago, 
and stimulated that vast output of morphological work which some persons, 
erroneously as I think, regard as a departure from the line of progress indicated 
by Darwin. 

^ Wc may now ask, what has morphology done for the advancement of zoological 
science since the publication of the ' Origin of Species ’ ? We need not stop to 
inquire what facts it has accumulated : it is sufficiently obvious that it has added 
enormously to our stock of concrete knowledge. We have rather to ask what 
great general principles has it established on so secure a basis that they meet 
with universal acceptance at the hands of competent zoologists ? 

It has doubtless been the object of morphology during the past half-century 
to illustrate and confirm Parwinian theory. How far has it been successful T 
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To answer this question we have to be sure of what we mean when we speak of 
the Darwinian theory. 1 think that we mean at least two things. (1) That the 
assemblage of animal forms as we now i*ee them, with all their diversities of form, 
habit, and structure, is directly descended from a precedent and somewhat 
different assemblage, and these in turn from a precedent and more different 
assemblage, and so on down to remote periods of geologic^al time. Further, that 
throughout all these periods inheritance combined with changeability of structure 
have iKien the factors operative in producing the differences between the succes- 
sive assemblages. (2) That the modifications of form which this theory of evolu- 
tion implies have been rejected or preserved and accumulated by the action of 
natural selection. 

As regards the first of those pi opositions, I think there can be no doubt that 
morphology has done great service in establishing our belief on a secure basis. 
The transmutation of animal forms in past time ’cannot be proved directly ; it can 
only be shown that, as a theory, it has a much higher degree of probability than any 
(»ther that can l)c brought forward, and in order to establish the highest possible 
degree of probability, it was neces^firy to demonstrate thcat all anatomical, embryo- 
logical, and pabcontological facts were consi.stent with it. Wc are apt to forget, 
nowadays, that there is no a ^priori reason for regarding the resembhinces and 
differences that wo observe in organic forms as something different in kind from the 
analogous series of resemblances and differences that obtain in inanimate objects. 
This was clearly pointed out by Flceming Jenkin in a very able and much- 
referred to article in the ‘ North British Review ’ for June 1867, and his argument 
from the a priori standpoint has as much force to-day as when it was written 
I'orly-t-hree years ygo. Bui it has lost almost all its force through the arguments 
a posteriori sup])licd by morphological science. Our belief in the transmutation 
of animal organisation in past time is founded very largely upon our minute and 
intimate knowledge of the manifold relations of structural form that obtain 
among adult animals ; on our precise knowledge of the steps by which these adult 
relations are established during the development of different kinds of animals; 
on our constantly increasing knowledge of the succession of animal forms in past 
time; and, generally, on the conviction thal all the diverse forms of tissues, 
organs, and entire animals are but the expression of an infimte number of varia- 
tions of a single theme, that theme being cell-division, multiplication, and 
differentiation. This conviction grew but slowly in men’s minds. It was opposed 
to the cherished beliefs of centuries, and morphology rendered a necessary service 
when it spent all those years which h.ave been .described as ‘years in the wilder 
Tirss * in accumulating such a mass of circumstantial evidence in favour of an 
evoliilionary explanation of the order of animate nature as to plac'e the doctrine 
r)f descent with modification on a secure fbiindation of fact. I do not believe 
that this foundation could have been so securely laid in any other way, and I 
liold that zoologists were actuated by a sound instinct in working so largely on 
morphological lines for forty years after Darwin wrote. For there was a large 
mass of fact and theory to be remodelled and brought into harmo^ with the new 
ide^is, and a still larger vein of undiscovered fact to explore. The matter was 
(liffiriilt and the pace could not be forced. Morphology, therefore, deserves the 
c redit of having done well in (he past : the question remains. What can it do in 
the future? 

Tt is evident, I think, that it cannot do much in the way of adding new^ truths 
and general principles to zoological science, nor even much more that is ni^ful in 
the verification of established ])rinciples, without enlarging its scope and methods. 
Hitherto — or, at any rate, until very recently — it has accepted certain guiding 
principles on faith, and, without inquiring too closely into their validity, has 
occupied itself with showing that, on the assumption that these principles are 
true, the phenomena of animal structure, development, and succession receive 
a reasonable explanation. 

We have seen that the fundamental principles relied upon during the last fifty 
years have been inheritance and variation. Tn every inference drawn from the 
comparison of one kind of animal structure with another, the morphologist 
founds himself on the assumption that different degrees of similitude correspond 
more or less closely to degrees of blood-relationship, and to-day there are probably 
few persons who doubt that this assumption is valid. But we must not forget 
that, before the publication of the ‘ Origin of Species,' it was rejected by the 
most influential zoologists as an idle speculation, and that it is imperilled by 
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Mendelian experiments showing that rharaoters may bo split up and reunited in 
different combinations in the course of a few generations. We do not doubt the 
importance of the principle of inheritance, but we are not quite so sure as we 
wore that close resemblances are due to close kinship and remoter resemblances to 
remoter kinship. 

The principle of variation asserts that like does not beget exactly like, but 
something more or less different. For a long time morphologists did not inquire 
too closely into the question how these differences arose. They simply accepted 
it us a fact that they occur, and that they are of sullicient frequency and 
magnitude, and that a sufficient proportion of them lead in such directions that 
natural selection can take advantage of them. Difficulties and objections were 
raised, but morphology on the whole took little heed of them. Remaining stead- 
fast in its adherence to the principles laid down by Darwin, it contented itself 
with piling up circumstantial evidence, and met objection and criticism with an 
ingenious af)oIogetic. In brief, its labours have <onsisted in bringing fresh in- 
stances, and especially smh instancc.s as seem uii«)nformab]e, under the rules, 
and in porfcc’ting a system of cla.*^^sirication in illustration of the rules. It is 
obvious, however, that, although this kind of study i.s both useful and indis- 
pensable at a certain .stage of scientific progress, it doe.s not help ns to form new 
rules, and fails altogether if the old rule.s aie seriou.^ly called into question. 

As a matter of fact, admitting that the old rules are valid, it has become in 
creasingly evident that they are not sufficient. Until a few years ago morpho- 
logists were open to the reproach that, while they studied form in all its variety 
and detail, they occupied themselves too little — if, indeed, they could be said to 
occupy themselves at all — with the quesrion of how form is prodmed, and how, 
when certain forms are established, they are caused to undergo change and giv« 
rise to fresh forms. As Klebs lifts pointed out, the forms of animals and plants 
were regarded as the expression of their inscrutable inner nature, aiicl the stages 
passed through in the development of the individual wore repre.sented as the 
outcome of purely internal and hidden laws. This defect seems to have been 
more distinctly realised by botanical than by zoological morphologists, for Hof- 
meister, as long ago as 18^, wrote that the most pressing and immediate aim of 
the investigator was to discover to what extent external forces acting on the 
organism arc of importance in determining ils form. 

If morphology was to be anything more than a descriptive science, if it was 
to progress any further in the discovery of the relations of cause and effect, it 
was clear that it must aller its methods and follow the course indicated by 
Hofmeister. And T submit that an inquiry into the causes which produce altera- 
tion of form is as much the province of, and is as fitly called, morphology as, let 
us say, a discussion of the significance of the patterns of the molar teeth of 
mammals or a disputation about the origin of the cadomic cavities of vertebrated 
and invertebrated animals. 

There remains, therefore, a large field for morphology to explore. Exploration 
has begun from .several .sidc.s, and in some quarters has made .substantial progress. 
It will bo of interest to consider how much progress has been made along certain 
lines of research — we cannot now follow all the lines - and lo forecast, if possible, 
the direction that this pioneer work will give to the morphology of the future. 

I am not aware that morphologists have, until (juite recently, had any very 
clear concept of what may be expected to underlie form and structure. Dealing, 
as they have dealt, almost exclu.sively with things that can be seen or rendered 
visible by the microscope, they have acquired the habit of thinking of the 
organism us made up of organs, the organs of tissues, the tissues of cells, and the 
cells as mad*' up— of what? Of vital units of a lower order, as several very 
distinguished biologists would have us believe; of physiological units, of micellae, 
of determinants and biophors, or of pangenes; all of them essentially morpholo- 
gical conceptions ; the products of imagination projected beyond the confines of the 
visible, yet always restrained by having only one source of experience — namely, 
the visible. One may give unstinted admiration to the brilliancy, and even set a 
high value on the usefulness, of these attempts to give formal representations of 
the genesis of organic structure, and yet recognise that their chief utility has been 
to make us realise more clearly the problems that have yet to be solved. 

Stripped of all the verbiage that has accumulated about them, the simple 
questions that lie immediatoly before us are : What are the causes which produce 

1910. 8 9 
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chanp^es in the forms of animals and plants? Are they purely internal, and, if so. 
are their laws discoverable? Or are they partly or wholly external, 
how far can we find relations of cause and effect between ascertained chemical 
and physical phenomena and the Btmctnral responses of living beings ? 

As an al tempi to answer the last of these questions, we have the recent re- 
nearchoR of the oxnerinienfiftl morphologists and embryologists directed towards 
the very aim that Hofmeister proposed. Originally founded by Roux, the school 
of experimental embryology has outgrown its infancy and has developed into a 
vigorous youth. It has produced some very remarkable results, which cannot fail 
to exercise a lasting influence on the course of zoological studies. We have learnt 
from it a number of positive facts, from which we may draw very important con- 
clusions, subversive of some of the most cherished ideas of whilom morphologists. 
It hns been proved by experiment that very small changes in the chemical and 
physical environment may and do produce specific form-change.s in developing 
orgiinisms, and in such experiments the consequence follows so regularly on the 
antecedent that we cannot doubt that we have true relations of cause and effect. 
It is not the least interesting outcome of these experiments that, as Loeb has 
remarked, it is as yet impossible to connect in a rational way the effects produced 
with the causes which produced them, and it is also impossible t'o define in a 
simple way the character of the change so produced. For example, there is no 
obvious connection between the minute quantity of sulphate.s present in sea- 
water and the number and position of the characteristic calcareous spicules in the 
larva of a sea-urchin. Yet TTcrhst ha.s shown that if the egg.s of sea-urchins are 
reared in sea- water deprived of the needful sulphates (noiTnally 0*26 per cent, 
magnesium s^ilphate and *1 per rent, calcium snlnhate), the number and relative 
positions of the.se spicules are altered, and, in addition, changes are produced in 
other organs, such as the gut and the ciliated bands. Again, there is no obvious 
connection l>et'ween the presence of a .small excess of ma"ne.sium chloride in sea- 
water and the development of the paired optic vesicles. Yet Stockard, by adding 
magnesium chloride to sea- water in the proportion of 6 grams of the former to 
100 c.r. of the latter, has produced specific effects on the eyes of developing 
embryos of the minnow Fundnhis he.terocUtuH : the optic vesicles, instead of being 
formed as a widely separated pair, were caused to a])proach th^ median line, and 
in about 50 per cent, of the embryos experimented upon the changes were so pro- 
found as to give rise to cyclopcan mon.sters. Many other instances might he cited 
of definite effects of physical and chemical agencies on particular organs, and we 
are now forced to admit that inherited tendencies may be completely overcome 
by a minimal change in the environment. The nature of the organi.sni, therefore, 
JR not aP important, since it yields readily to influences which at one time we 
should have thought luadeqiiate to produce pe^eptible changes in it.^ 

It IS onen to anyone to argue that, interesting as experiments of this kind 
may be, they throw no light on the origin of permanent^— that is to say, inherit- 
able-modifications of structure. It has for a long time l»een a matter of common 
knowledge that individual ])lauts and animals react to their environment, but 
the modifications induced by the.se reactions are somatic: the germ plasm is not 
affected, therefoTe the changes are not inherited, and no permanent effect is pro- 
duced in the character.s of the race or stiecics. It is true that no evidence has 
yet. l)ecn nrodneed to show that, form -changes as T>rof«)und ns those that T have 
mentioned are transniifled to the olfsprin r. So fur the experimenters have not 
been able to rear the modified organisms beyond the larval stages, and so there 
are no offspring (o show whether (wclopean eves nr modified forms of spicules are 
iTiheritcd or not . Tndoofl, it is possible tluil the bnlanee of orgsmisatioii of animals 

thus modified has been unset lo such an extent that they are incapable of growing 

into .odiilts .'Mid rnnmdiicing their kind. 

But evifleuc© is bogiuning to aecuYnulate wbich sViows tbnt oxternal conditions 
may produce changes in the germ-cells as well as in the soma, and that such 
changes may he sivcific and of the same kind as similarly produced somatic 
changes. Further, there is evidence that such germinal changes are inherited — 
and. indeed, we should exnect them* to lie, because they are germinal. 

The evidence on this subject is as yet meagre, but it is of good quality and 
comes from more than one source. 

There^ are the well-known experiments of Weismann, Standfuss, Merrifield, 
and E. Fischer on the modification of the colour patlerns on the wings of various 
T^pidopterg. 
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Tn the moro northern fomis of the fire-butterfly. Chrysophnnufi (Pohjommatus) 
phlcr.aii, the upper surfaces of the wings are of a bright refl-gold or copper colour 
with a narrow black margin, but in soniiiern Europe the black tends to extend 
over the whole surface of the wing and may nearly obliterate the red gold » olour. 
By exposing pupae of caterpillars collected at "Naples to a temperature of C. 
VVcisninim obtained butterflies more golden tlnin the ■Ne;i])olitan, but blacker 
, than the ordinary German race, and t'oiiversely, by exposing piipic of the German 
v.ariety to a temperature of about 38® C., butterflies were obtained blacker than 
the German, but not so black as the Neapolitan variety. Similar deviations From 
the nonnal standard have been obtained by like means in 'tarioiis species of 
Vanessa by Standfnss and Mcrrifield. Slandfiiss, working with tlie small tortoise 
shell butterfly (Vanfsisia iirtira'), produced colour aberrations by subjecting the 
pnpm to cold, and found that some s|)ecimens roared under normal conditions 
from the eggs ])rodticed by the aberrant forms exhibited the same aberrations, 
but in a lesser degree. Weismann obtained similar results with the satiu* i<*s. 
E. Fischer obtained ]>arallel results with Arrtia raja, a brightly coloured diurnal 
moth of the family Bondiycidaa. Piip.Tf' of this moth were exposed to a tempera- 
ture of 8° G.. and some of the butterflies that emerged were very dark -col on red 
alierrant forms. A pair of these dark aberrants were mated, and the female pro- 
duced eggs, and from these larvie and pupa* were reared at a normal teniii<*ralure. 
The progeny wms for the most part normal, but some few individuals exhihile<l the 
dark colour of the parents, Ihongh in a less degree. The simple conr-lnsion.s to bo 
drawn from the results of these experiments is that a proportion of the germ- 
cells of the animals experimented upon were affected by the abnormal tempera- 
tures, and that the reaction of the germ-colla was of the same kind as the riMc.tion 
of the somatic cells and produced siinilar results. As everybody knows, W<‘i.s- 
mann, while admitting that the germ-cells wei’e affected, would not admit the 
simple* explanation, but gave another complicated and, in my opinion, wholly 
nnsupimi'tod explanation of the ]flicnomena. 

In any <-ase this series of experiments was on too small a scale, and the separate 
experiments were not siiffieiently carefully planned to exclude the possiliility 
of error. But no objection of this kind can be urged against the careful and 
prolonged studies of Tower on the evolution of chryromelid beetles of the genus 
iicpt i notar sa. LepHiuttamn l)etter known, ]ierhaps. by the name Donjphoru is 
the potato- beetle, which has spread from a centre in North Mexi(*o southwards 
into the isthmus of Panama and northwards over a great part of the United 
States. It is divisible into a large number of species, some of which are dominant 
and widely ranging; others are restricted to very small localities. The specific 
(haractors relied upon are chiefly referable to the coloni al ion and colour patterns 
of the epicranium, pronotiim. elytra, and underside of the abdominal segments. 
In some species the specific markings are very constant, in others, particularly in 
the common and wide-ranging L. tlpceinlincata^ they vary to an extreme degree. 
A.S the potato lieef lo is crusily reared and maintained in captivity, and prodiic<’s 
two broods every year, it is a particularly favourable subject for experimental 
investigation. Tower’s experiments have extended over a period of eleven years, 
and he has made a thorough study of the geographical distribution, disfiersal, 
habits, and natural history of the genus. The whole work appears to have been 
carried out with the most scrupulous regard to scicmtific accuracy, and the author 
is unusually cautious in drawing mncinsions and chary of offering hypothefi<*al 
explanations of his lesnlts. I have been greatly impressed by the large scale on 
which the experiments have been conducted, by the methods used, by the care 
taken to verify every result, nbtninod, and by the gieat theoretical importance of 
Towcr’.s conclusions. I can do no more now than allude lo some of the most 
remarkable of them. 

After showing tb.ot there .are good grounds for believing that colour production 
in insects is dependent on the action of a group of closely related enzymes, of 
which chitaFo, the agent which produces hardening of ehitin, is the most im- 
portant, Tower demonstrates by a serie.s of well-planned experiments that colours 
are direcUy modified by the action of external agencies — viz., temperature, 
tjiirnidity, food, altitude, and light. Food chiefly affects the suhhypodcinial 
colours of the larvjn, and does not enter much into account ; the most importeut 
.agents affecting the adult colouration being temperature and humidity. A sliff/if 
increase or a slight decrease of temperature or humidity was found to stimulate 

8 8 2 
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the nntion of the roloiir-prndnniiig enzymes, giving a tendency to melanism ; but 
a large increase or decrease of temperature or humidity was found to inhibit the 
action of the enzymes, producing a strong tendency to albinism. 

A set of experiments was undertaken to test the qiiestion whether coloration 
changes induced by changed <Mivii*onmental conditions were inherited, increased, 
or dropped in successive goneralions. These experiments, carried on for ton 
lineal generations, showed that the changt'd conditions immediately produced 
their niaximinn effect; that they wore purely somatic and were not inherited, the 
progeny of individuals which had been exposed to changed conditions through 
several generatiohs prjmptly reverting when retarned to normal conditions of 
pnvironmeni. So far the results are confirmatory of the well-established pro- 
position that induced somatic changes are not inheritable. 

Rut it wa.s found necessary to remove the individuals i3xperimented upon from 
the influence of changed r*onditions during the periods of growth and matura- 
tion of the grim cells. Potato-beetles emerge from the pupa or from hibernation 
with the germ-cells in an iimleveloped condition, and the ova do not all undergo 
their development at once, but are matured in batches. The first batch matures 
during the first few days following emergence, then follows an interval of from 
four In ten days, after whicli the next batc h of eggs is matured, and so on. 'J’his 
f.'icdi luiide it possible to tost the effect of altered conditions on the maturing 
germ-cclls by subjecting it.s inifigos to exfM'riinontal (’onclition.s during the 
development of some of the batclies of ova and to normal conditions during the 
d(3velnpmoni of other batches. 

In one of the experiment.s four male and four female individuals of L. dtveem- 
Viuonta were subjected to very hot and dry conditions, accompanied by low 
atmospheric, pressure, during the development and fertilisation of the first three 
bat.< he« of eggs. Siu h conditions had be»*ii found productive of albinic deviations 
in previous experiments. As soon as the eggs were laid they were removed to 
normal conditions, and the larvie and pupuc reared from them were kept in normal 
conditions.^ Ninety-eight adult beetles were reared from these batches of eggs, 
of which eighty-two exhibited the characters of an albinic variety found in nature 
and described as a species under the name yaUidn ; two exhibited the characters 
of another albinic species named immacvlothornx^ and fourteen were unmodified 
(lecewJine.ntfif^. This gave a clear indication that the altered conditions had pro- 
duced modifications* in the germ-cells which were expre.ssed by colour changes in 
the adult individuals reared from them. To prove that the deviations were not 
inherent in the germ-plasm of the parents, the ‘latter were kept under normal 
conditions during I ho periods of development and fertilisation of the last tw'o 
batchesrof eggs; the larvoo and pupm roared from these eggs were similarly sub- 
jected to nonnal conditions, and gave riso tocn’xty-one nnniodified dt'remlinvahiA^ 
whiidi, when bred togelluT, came true te type, for three generations.' The (hcem- 
linvftta forms ])rmliiced iind<*r experimental conditions al.so came true to type when 
bred togetlu'r. Of the imll'nla forms produced by oxiieriinerital condition.'^ all but 
two males were killed by a bac terial disease. These tw’o were crossed with normal 
(lecemlinf^atn females, and the result was a typical Mondelian segregation, as 
shown by the followiig table - 

2 d* pallida :*: 2 ? decomlineata 

4 

Hvbritls, docendineata characters dominant 
6^X3? ■ 


Pallida 
6 <J . 4 ? 


Decomlineata and hybrids 
k; <?, 14 9 ‘ 


Pallida 
18 <^,23 $ 


Pallida Decemlineata and hybrids 

8 «J,7 ? 26 ,J,28 ? ‘ 
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This is a much more detailed expeniiieni than (hose ot Stand fuss, Merrifiold, 
and Fisher, and it shows that the changes produced by the iU’tion of altered condi- 
tions on the maturing germ-cells were definite and discontinuous, ami therefore 
of the nature of mutations in Do Vries* sense. 

In another exiDerimeiit Tower reared three genoralions of dcrnnlincaitt to test 
the purity of his stock. He found that they showeci no tendency to produce 
extreme variations under normal coiidition.s. From this pure' stock seven males 
and seven females were chosen and subjected during the maturation periods 
the first Uvo batches of ova to liot and dry conditions. Four hundred and nine 
eggs wore laid, from which sixty-nine adults were roared, constituted as follows : 

Twenty (12 S V ) • ■ • apparently normal dfa/zdewndu. 

Twenty-three ( 10 1*1 I|!) . . jHiUida. 

Five (2 <J, ? ) . . . immdculotfwrax. 

Sixteen (9 ^,7 9) • • • athida. 

I’liose constituted lot A. 

The same seven pairs of parents subjected during the second half of the repro- 
ductive period to normal conditions gave 840 eggs, from which were reared 12!i 
adults, all decemlineaias. These constituted lot B. The deceudineaias of lot A 
and lot B wore reared side by side under normal and exactly similar conditions. 
The results were striking. From lot B normal progeny vvcie reared up to the 
tenth generation, and, as usual in the genus, two generations were produced in 
each year. The decemlincatas of lot A segregated into two lots in the second 
generation. A* were normal in all respects, but A“, while retaining the normal 
appearance of decemlineafa, went throiigli five generations in a year, and this for 
three successive years, thus exhibiting a rciiiarkuble physiological modification, 
and one without parallel in nature, for no species of the genus Lc ptinotarsa are 
known which produce more than tw'o generations in the year, '.riiis (ixpcrinuiiit is 
a sufficient refutation of Weismaim’s argument that the inheritance of induced 
modifications in Vanessa nrticfr is only apparent, the phenomena observed being 
duo to the inherit-ance of two kinds of delerminants one from dark-coloured 
forms which aro phylctically the oldest, and the other from more gaily coloured 
forms derived from the darker forms, 'rhere is Jio cvi<k‘ii(e whatever that thcro 
was ever a species or variety of potato- beetle that pi-odiiced more than two, or at 
the most-, and then as an exception, three broods in a year. 

Tho modified albinic forms in this last experiment of Tower’s were weakly; 
they were bred through two or three generations and came true to type, but 
then died out. ^'o hybridisation e.\])epi merits wore made with tlnMii but in other 
similar experiments, which I have not time to mention in detail, modified forni'i 
produced .by the action of changed conditions gave typical Meiideliaii characters 
when crossed with unmodified decemlinfatasy thus proving that the induced 
characters wore constant and heritable according to the regular laws. 

1 have thought it worth while to relate these experiments at some length, 
because they seem to mo to be very important, and btJcausc they do not appear 
to have attracted tho attention in this country that they deserve. 

They are confirmed to a very large extent by the experiments of Professor 
Klobs on plants, the results of which were published this summer in the Croonian 
Ijecture on ‘Alterations of the l)cv<*Iopment and Forms of Planls as a Itesiilt of 
Environment,* As I have only a short abstract of the (Jroonian Lecture to rotor 
to, I cannot say much on this subject for fear of misrepresenting the author ; but, 
as far as I can judge, his results are quite consistent with those of Tower. 
Semper vivum funekii and S. acmninalmn w'ere subjected to altered conditions of 
light and nutrition, with tho result that striking variations, such as the traiis- 
fonuation of sepals into petals, of petals into stamens, of starnciis into petals and 
into carpels, were produced. Experiments were made on Sempervivvm arumina- 
fum, with the view of answering the question whether such alterations of flowers 
can be transmitted. The answer was in the affirmative. The seeds of flowers 
artificially altered and self-fertili.sed gave ri.se to twenty-one .seedlings, among 
which four showed surprising deviations of floral structure. In two of these 
swdlings all the flowers were greatly altered, and presented some of the modifica- 
tions of the mother plant, especially the transformation of stamens into [wfals. 
These experiments are still in progress, and it would perhaps be preiriature to 
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lay loo much stress u^hjii them if it were not for the fact that they are so com- 
pletely confirmatory of the results obtained by similar methods in the animal 
kingdom. ... 

1 submit to you that evidence is forthcoming that external conditions may give 
rise to inheritable alterations of structure. Mot, however, as was once supposed, 
by producing specific changes in the parental soma, which changes were reflected, 
so to speak, upon the germ-cells. The new evidence confirms the distinctions 
drawn by Weisinami between somatic and germinal variations. It shows that 
the former are not inherited, while the latter are; but it indicates that the germ 
may bo caused to vary by the action of external conditions in such a manner as to 
produce specific changes in the progeny resulting from it. lb is no more possible 
at the present time to (joiiiiect rationally the action of external conditions on the 
gcrm-cells with the specific results produced in the progeny than it is possible 
to ^•oimect (*ausc with effect in the experiments of Jferbst and Stockard; but, 
when we compare these two kinds of experiments, wc ai’o no longer able to argue 
that it is inconceivable that such and such conditions acting on the germ plasm 
can j)ro<liicc such and such effects in the next gcnciaiioii oi aduU.s. Wo must 
lu’cept the evidence that things which appeared inconceivable do in fact liappcn, 
and in {ucepting this we remove a great obstacle from the path of our inquiries, 
and gain a (li.siiiict stop in our attempts to discover the laws which determine the 
production of organic form and structure. 

lint such experiments as those which I have mentioned only deal with one 
aspect of the pi*oblem. They tell us about external conditions and the effects 
that they are observed to produce upon the organism. They give us no definite 
information about the internal changes which, taken together, constitute the 
ix'sponse of the organism to oxtemal stimuli. As Darwin wrote, there arc two 
factors to be taken into lucouiit- the nature of the conditions .'iikI the nature of 
the organism — and the latter is much the more inii)ortant of the two. More im- 
poj'tant because the rea(‘tioiis of animals and plants are manifold ; but, on the 
whole, the changes in the conditions are few and small in amount. Morphology 
has not succeeded in giving us any positive knowledge of the nature of the 
organism, and in this matter wc must turn for guidance to the physiologists, and 
ask of them how far recent researches have resulted in the discovery of factors 
competent to account for change of structure. Perhaps the first stop in this 
inquiry is to ask whether there is any evidence of internal chemical changes 
analdgous in their operation to the external physical and chemical changes whicii 
we have been dealing with. • 

There is a great deal of evidence, but it is extremely difficult to bring it to a 
focus and to show its relevancy to the particular problems that perplex the zoolo- 
gist. Moreover, the evidence is of so many different kinds, and each kind is so 
te(?hnical and complex, that it would be absurd to attempt to deal witfe it at the 
end of ail address that has already been drawn out to sufficient li'iigth. Hut 
perhaps I may bo allowed to allude to one or two generalisations which appear to 
me to be most siij^gestive. 

We shall all agree that, at the bottom, iiruduclion and chungefof form is due 
to increase or diminution of the activities of groups of cells, and we are aware 
tl at in the higher animah> change of structure is not altogctlier a local affair, but 
carries with it certain consequences in the nature of c^irrelated changes in other 
))art8 of the body. Jf we are to make aii^v ]nogress in the study of morphogeny, 
wo ought to have as exact ideas as possible as to what we mean when wc speak of 
the activities of cells and of correlation. On these subjects ])hysiology supplies 
us with ideas much more exact than those dciived from morphology. 

It is, perhaps, too sweeping a geiicralisafioii to assert that the life of any 
given animal is the exiuessiou of the sum of the activities of the enzymes con- 
tained in it; but it seems well established that the activities of cells are, if not 
wholly, at all events largely, the result of the actions of the various kinds of 
enzymes held in combination by their living pix^tophism. 'rhese enzymes are 
highly susceptible to the influence of physical and chemical media, and it is 
because of this sus('eptibility that the organism responds to changes in the en- 
vironment, as is clearly illustrated in a particular case by Tower’s experiments 
on the production of colour changes in potato-beetles. Bayliss and Starling have 
shown that in lower animals, protoz(»a and sponges, in which no nervous system 
has been developed, the response of the organism to the environment is effected by 
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purely chemical means. In pix>lozoa, because of their small size, the question 
of coadaptatioii of function h^dly comes into question; but in sponges, many of 
which are of large size, the mechanism of coadaptation must also be almost exclu- 
sively chemical. Thus we learn that the simplest and, by inference, the phyle- 
tically oldest mechanism of reaction and co-ordination is a chemical mechanism. 
In higher animals the necessity for rapid reaction to external and internal stimuli 
has led to the development of a central and peripheral nervous syetem, and as wo 
ascend the scale of organisation, this assumes a greater and greater importance as 
a co-ordinating bond between the various organs and tissues of the body. But 
the more primitive chemical bond persists, and is scarcely diminished in im- 
portance, but only overshadowed by the moi^ easily recognisable reactions duo to 
the working of the nervous system. In higher animals wo may rec.'ognise s|iecial 
chemical means whereby chemical coadaptations aro established iind maintained at 
a normal level, or under certain circumstances altered. These are the internal 
secretions produced by sundry organs, whether by typical seci*etory glands (in 
which case the internal secretion is something additional and different from the 
external secretion), or by tho so-called ductless glands, such as the thyroid, the 
thymus, the adrenal bodies, or by organs which cannot strictly be called glands — 
namely, the ovaries and testes. All these produce clieitiical substances which, 
passing into the blood or lymph, are distributed through the system, and have 
the peculiar property of regulating or exciting the specific functions of other 
organs. Not, however, of all the organs, for the different internal secretions are 
more or less limited and local in their effects : one affecting the a/.tivity of this 
and another the activity of that kind of tissue or organ. IStarliiig proposed the 
name hormones for the internal! secretions because of their e.xcitatojy properties 
{opfidwy to stir up, to excite). 

Hormones have been studied chiefly from the point of view of their stimu- 
lating effect on the metabolism of various organs. From the morphologist’s point 
of view, interest chiefly attaches to the possibility of their regulating and pro- 
moting the production of form. It might be expected that they should be oflicient 
agents in regulating form, for, if changes in stnu^ture arc the result of the 
activities of groups of ceils, and the activities of cells are the results of the 
activities of the enzymes whi('h they contain, and if the activities of the enzymes 
are regulated by the hormones, it follows that the hist-nanied must be the ultimate 
agents in the production of form. It is difficult to obtain distinct evidence of 
this agency, but in some eases at least the evidence is sullicicntly clear. 1 will 
confine myself to the effects ol the hormones produced by the testes and ovaries. 
These have been proved to be intimately connected with the development of 
secondary sexual characters’ — such, ’for instance, as tlie characteristic «hai)c and 
size of the horns of tlie bull; the ‘Oiiib, w.iLtle8, spurs, plumage colour, and spurs 
in poultry ; the swelling on the index finger of the male frog ; the shape and size 
of the abdominal segments of crabs. ’J’hese are essentially morphological characters, 
the results of increased local activity of cell-growth and differentiation. As they 
are attributable to the stimulating effect of the hormone produw.d by the male 
organ in each* species, they afford at least one good instaiico of the production 
of a specific change of form as tho result of an internal chcMTiical stimulus. We 
get here a hint as to the nature of the chemical mechanism which excites and 
correJates fonn and function in higher organisms; and, from what has just been 
«aid, we [lerceive that this is the most primitive of all the animal mechanisms. I 
submit that this is a step towards forming a clear and concrete idea of the inner 
nature of the organism. There is one point, and that a very important one, upon 
which wo aie by no means clear. Wo do net know how far the hormones them- 
selves are liable to change, whether by the action of external conditions’or by £he 
reciprocal action of the activities of the organs to which they are related. It is at 
least conceivable that agencies which produce chemical disturbances in the cir- 
culating fluids may alter the chemical constitution of the hormones, and thus 
produce far-reachng effects. The pathology of tho thyroid gland gives some 
ground for belief that such i:hanges may be produced by the action of external 
conditions. But, however this may be, the line of reasoning that we have followed 

’ Kee J. T. (’uniiingham, “ The Heredity of .Voc ondai-y Sexual Characters in 
relation to Hormones, a Theory of the Inheritance of Somatogenic Characters." 
Archiv /. EntwichlungiimecKimikf xxvi., 1906. 
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raises the expectation that a chemical bond must exist between the functionally 
active organs of the body and the germ-cells. For if, in the absence of a 
specialised nervous system, the only possible regulating and coadapting mechanism 
is a chemical mechanism, and if the specific activities of a cell are dependent on the 
enzymes which it holds in combination, the germ-cells of any given animal must 
be the depository of a stock of enzymes sufficient to insure the due succession of all 
its developmental stages as well as of its adult structure and functions. And as the 
number of blastomeres increases, and the need for co-ordination of form^ and func- 
tion arises, before ever the rudiments of a nervous system are differentiated, it is 
necessary to assume that there is also a stock of appropriate hormones to supply 
the chemical nexus between the different parts of the embryo. The only alterna- 
tive is to suppose that they are synthesised as required in the couri^ of develop- 
ment. There are grave objections to this supposition. All the evidence at our 
disposal goes to show that the potentialities of germ-cells are determined at the 
close of the maturation divisions. Following the physiological line of argument, 
it must be allowed that in this connection ‘ potentiality * can mean nothing else 
than chemical constitution. If we admit this, we admit the validity of the theory 
advanced by more than one physiologist that heritable ‘ characters * or * ten- 
dencies ’ must be identified with the enzymes carried in the germ-cells. If this 
be a true representation of the facts, and if the most fundamental and primitive 
bond between one loart of an organism and another is a chemical bond, it can 
hardly be the case that germ-cells — whuh, inter alia, are the most primitive, in 
the sense of bfeing the least differentiated, cells in the body — should be the only 
cells which are exempt from the chemical influences which go to make up the 
co-ordinate life of the organism. It would seem, therefore, that there is some 
theoretical justification for the inheritance of induced modifications, provided 
that these are of such a kind as to react chemically on the enzymes contained in 
the germ-cells. 

One further idea that suggests itself to me and I have done. Is it possible 
'that different kinds of enzymes exercise an inhibiting influence on one another ; 
that germ-cells are ‘undifferentiated' because they contain a large number of 
enzymes, none of which can show their activities in the presence of others, and 
Chat what wo call ‘differentiation’ consists in the segregation of the different 
kinds inlo separate cells, or perhaps, prior to cell-formation, into different parts 
of the fertilised ovum, giving rise to the phenomenon known to us as prelocalisa- 
tion? The idea is purely speculative; but, if it could be shown to have any 
warrant, it would go far to assist us in getting an^ understanding of the laws of 
the production of form. 

1 have been wandering in territories outside my own province, and f shall 
certainly told that I have lost my way. But my thesis has been that mor- 
• phology, if it is to make useful progress, must edme out of its reserves diul explore 
new ground. To explore is to tresid unknown paths, and one is likely to lose 
one’s way in the unknown. To stay at home in the environment of familiar 
ideas is no doubt a safe course, but it does not make for advancement. Morpho- 
T believe, has as great a future before it as it has a past behind it, but it 
can only realise that future by leaving its old home, with all its comfortable 
furniture of well-worn rules and methods, and embarking on a journey, the first 
stages of which will certainly bo uncomfortable and the end is far to seek. 


Fit [DAY, SFPTFMIiFl? 2. 

Joint Meeting with Section K, 

The following Papers Nvere read ; — 

1. The New Force, Mitohinetism. By Professor Marcus Hartog, D.Sc, 

On the difiCHjvery of the ccll-field in karyokiiiesis its analogy with that of 
two opposite magnetic or electric poles was at once recognised. This analogy 
was developed towards the beginning of the present century, especially by Keinke, 
Ziegler, and Gallardo. A little later it fell to the author to complete the gaps 
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in tlie theory by pointing out that the material visiblo structures of the polar 
stars and spindle were not the abstract ‘ lines of foive ’ of Faraday and Clerk- 
Maxwell, but material ‘chains of force* of more permeable substance than the 
rest of the field, held in position by the stresses radiating from the unlike poles. 
This is in brief a statement of what we may call the ‘heteropolar hypothesis.’ On 
the other hand, Bhmiibler. Hiitsihli, and fjeduc put forward the view thal the 
spindle was due to diffusion currents centred on its polos. I’he two former 
failed to realise that diffusioTi currenls centred on two like p(»les (two souiccs, 
or two sinks to use Clerk-Maxwell’s metaphor, taken from si ream lines) could ii(»t 
produce the spindle, but the anti spindle or crossed figure, just the same as two 
‘ like ’ magnetic or electric polos. Lodiic, when he realised thal I lie cenlrosomcs of ^ 
the animal cell were ‘like’ in respect to osmotic phenoiiu'na. immedialely iiicd to 
show that the cell spindle was no true siiindle, bul .i mock one, formed of two 
asymmetrical spindles touching by their wide ends. But the figure obtained in 
his models was, unlike the cell spindle, flistonfinuon.s across the cqualor. Never 
theless, it had the effect of inducing Gallardo to fry lo gel better models. 
Gallardo, like others, was impressed by two fac^s : (1) the cenlro.somcs diverge as 
the spindle grows; (2) Lillie had shown lhat Ihe chrfunosomes hear a iiosilivc 
electrostatic charge and must repel each other. 

The answer to (1) is that in many cases the ceiilrosoiiies show the offeds of a 
bodily pull exercised by the cytoplasm (‘cytoplasmic Iraciioir of llartog). This 
is well shown in the enormous cell-figures of /Nii/nrht'lnii>\ where the entrosniucs 
actually give way under the contrary pulls; and in se\cral worms and riolIu.M‘s, 
where the whole figure is spirally twisted, proving lhat the pull is accompani('d 
by a twist. Moreover, the separation of Ihe poles during the piocess of karvo 
kinesis is not universal, «is noted and figured by Ko.sla.nei ki and fignivd without 
remark by Yatsu. 

The answer to (2) is that Peiitiinalli has shown that while tlie living chroiiio- 
.somes migrate towards the anode of a conslaul ciiriont, the achromatic spin'dle 
is not affected in the same way, but only yields to the incchaTucal pu.sh exerled 
by the chromosomes. 

Gallardo has souglit to model electrically the spindle between like poles, with 
two closely apposetl broad inductors of one .sign to represent Ihe ‘equalorial 
plate,* and two small poles of the opposile sign for the c(’ntroso]jic. It is 
impossible in this way to represent the interzonal fibres between the two di.scetling 
groups of cliromosomes in anaphast;. 

His last model is wdiat we may term an osmoto-electrolytic model. His field is 
of mucilage; the centro-poles arc drops of solulion of acid fuch.sin, his cqiialoiial 
band of (basic) brilliant green ; while the indicutors are powdered (ba.sic) fuchsiri 
dusted on the surface of the gum, which leave behind a comet-like trail of rt*d as 
they travel away from the central band to cither pole. The central band itself 
tends to split, and its two halves .are united by cro.ss hands of green .soliitiofi 
which simulate in position and in outward bulge Ihe interzonal bcind.s; and this 
gives a nio.st striking eharacter lo the model. If two like poles arc united by 
tenacious threads I heir lateral requdsion and their tenacity result in a gfH)d 
geometrical spindle. ii.s i.s .shown in the clectrostalic^ model figured by the author; 
but if these threachs are severed they at once a.ssume the direction of I ho anti- 
spindle, and this is the crucial point. 

The absolute proof of the opposite polarity of the two centrosomes is to bn 
found in the growth of thci spindle by inflec tion and coalescxjiice of rays gn»w'iiig 
out from the ccnirosomcB. lii ^omc cases the spindle ^ actually formed ah inifio 
in this way. 

Gallardo has stated that no spindle can be formed in the absence of chromo- 
somes, {ind this is essential to his view. Bui the spindle in the animal cell every- 
where is free from chromosomes at first; and several cases may Ix' cited, be.sidcs 
Bonnevie’s, of the formation of full-grown spindles without any eciuatoriSl plate. 

Since it is demonstrated that the ccll-spindlc is homopolar with respect to 
osmosis, currents, electrolytic, or electro.static force, magnetism is out of the 
question, we may crmchide that mitokinetism is a new force unknown .so far outside 
the living cell. 
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2. A Cylological Study of Artificial Parthenogenesis in Stiongylocentrotus 
purpuratus. By Edward Hindle, PLD., A.R.G.S. 

This invcstig<iiioii was undertaken mainly with the object of tracing the 
cytological i hangrs that follow the chemical fertilisation of sca-urchin eggs by 
means of a monobasic fatty acid, followed by treatment with hypertonic salt 
solution. 

The experimental part of the work was performed, under the direction of 
l^ro lessor LcM'b, at Pacific Grove during the month of January 1910. The eggs of 
S. j)urpiiratus were obtained by removing the gonads from a female and allowing 
*them to remain in a dish of sterilised sea-water for a few hours, when the ripe 
eggs drop out of the ovaries and fall to the bottom of the dish. 

Membrane-formation was effected by putting the eggs in a mixture .of 50 c.c. 

soa-walcr 2'9 c.r. of jq bulyric acid for from ’.K) to 150 seconds. On trans- 
ferring thorn from this mixture to normal sea- water the eggs then formed ferti- 
lisation mombranos. Some of these eggs were allowed to develop without further 
treatment, but at ordinary temperatures (15° C.) very few of them completed even 
the first division. 

When the eggs from the butyric acid solution had remained in normal sea- 
water for a(mut 20 minutes they were then placed into a mixture of 50 c.c. sea- 
water -f 8 c.c. of 2*2 M -Na(J, and exposed to the action of this solution for 
times varying from .'10 to GO minutes. Finally, the eggs were again transferred 
to nonnnl sca-water; and if the periods of exposure had been correctly chosen, 
practically all of them developed and gave rise to free swimming larvae, indis- 
tinguishable in form and Ijohaviour from those that develop from normally 
fertilised eggs. 

The developing eggs were fixed at various stages, imbedded in paraffin, 
sectioned and stained in the usual way. 

A. Aftrr Irvulmcnt of ihr ctjtjs of Strongylocentrotus purpuratus with 
butyric arid alone the following chnnycB were ohserred : ^ 

1. The first change is the starting of a process of cytolysis as a result of the 
solution or liipiofaction of the cctoidasmic layer immediately within the outer 
membrane of the egg. As a re.sult of this cytolysis the "surface membrane 
becomes lifted away from the protoplasm of the egg and npjK'ars distinct. 

That the formation of this fertilisation meiiibrane is due to a process of 
cytolysis is proved by the fact that almost any cytolytic agent is able to produce 
it (acidi[, alkalies, digitalin, solaiiin, saponin, fat solvents, alcohol, distilled water, 
blood serum, &c.). ^ ^ 

2. The mendnanc-formation is accompanied by an alteration in the appear- 
ance of the nucleolus, which, fiom being a densely staining mass of chromatic 
substance, changes to a lightly staining body of somowliat indefinite shape, or 
may even break down into two or moic le.sser bodies. 

.‘h A dissolution of the cytoplasmic granules in the immediate neighbourhood 
of the nucleus results in the appearance of a iloar perinuclear zone. Probably as 
a result of currents tlowing contrifHitally from the cytoplasm towards the nucleus, 
radiations appear in and around this zone. 

4. The appearance of this perinuclear ^.one is succeeded by a pe^:iod of nuclear 
growth. 

5. In eggs that are dcycloping at ordinary temperatures a large monaster is 
usually developed, its rays centring in the nucleus. 'J’hc nmlear membrane dis- 
apficars and the chromatin breaks up into eighteen chromosomes. These may 
undergo division and be drawn out of the nuclear area along the rays, in which 
case they appear scattered throughout the cytoplasm. A reduction of the astral 
rays ma/ be followed by reconstruction of the original nucleus with an increased 
number of chromosomes, and this prowess may be repeated two or three times. 
Such eggs never divide, but simply disintegrate. 

G. Fggs developing at a low fempcratiire (2° to .5° (i.) may complete the first 
few divisions. 

7. Cytasters have never been observed. 
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B. After treutinent with butyric acid, followd by hypertonic {iolt {(olution 
(Loeb's improved method). 

8. The interval between iix)atmcnt with, butyric acid and the hyiK'rtonic salt 
solution is characterised by the membrane- format ion and an altorntinn in the 
staining properties of the nucleolus. These changes arc accompanied by the 
appearance of a clear perinuclear zone, as described above (;i). 

9. During the treatment with hypertonic salt solution there is a slight increase 
in the size of the nucleus. 

10. After transference of the eggs back into normal sea-\^rater tlie perinuclear 
zone still further develops, and is followed by growth of the iiikIcus. 

11. A typical cleavage aster is formed by the division of a centrosome, that 
first appears on the nucTear membrane. 

12. A varying number of cytaslers may apjx'ar. If oxcessivoly dcvelopc 1 
they interfere with the normal division of the cell, and miillipolar spindles arc 
formed. The cy tasters are only developed in eggs that have reniaincd too long 
in the hypertonic solution. 

13. The chromatin breaks up into eighteen clirnmos«)mcs, whi<h is hall the 
number occurring in normally fertilised eggs. I'lic reduced number of chromo- 
somes (eightqpn) persists in the cells of the parthonogciietic larva* at least as far 
as the free -swimming blastiila, and beyond this stage it is impossible to count 
them, owing to the small size of the cells. 

In conclusion, the suggestion is offered that the known facts of artificial 
parthenogenesis may be competent to explain the origin of cancer. 


The following Papers and Kijpj)rts were then read in Scdioii I) : 

1. Note on the Biology of TeUml ami Elasmobranch Eggs, 

By W. J. Dakin, IJ,Sc. 

Obs<n’vatioiis made by the author two years ago confirmccl the results of 
experiments made by Hotazzi and others which indii atod that the osmotic pressure 
and salinily of the blood of marine telcosts was very different from that of th * 
external medium in which they lived, but showed, however, that the osmotic 
pressure and salinity of the blood was affected by changes in the salinity of the 
water. The blood of the cel has a lower osmotic pressure in fresh water than in 
the sea. The blood of fresh- water fishes is le.ss saline than that of marin.. fishes. 

The os'iio'ic pressure of the bluod of elasmobranch^ is almost identical with 
that of the sea water in which they live. 

Does the egg-contents or body-contents of young tcleost larvtc liear the same 
relation to the sea water as the blood of the adult fish ? 

Experiments have shown that the specific gravity of plaice eggs can bo 
altered by vai’yiiig the salinity of the watc‘r in which they are living, 'fhe egg- 
contents arc therefore not altogether independent of the sea wator. At the same 
time, by detenu i nations of the freezing-point, and coiise<piently direct measure- 
ments of the osmotic pressure of the egg-contents, it was shown that the salinity 
and osmotic pressure was very much less than that of the medium in wdiich th * 
eggs were living and about the same as that of the blood of the adult fish. 

There is therefore an equilibrium between the sea w^atcr and the egg-contents 
which does not consist in an equality of nsnjotic pressures; and while both 
osmotic pressures ar© very different, a change in that of the water produces a 
small but definite change in that of the egg-contents. 

Death of the eggs destroys the conditions under which this equilibrium ls suk- 
tained, and the egg-contents increase in salinity by reason of the iniiueiu'e of the 
surrounding sea water. A corresponding increase in spc^-ific gravity takes place, 
and the egg is no longer able to float. 

The osmotic pi^ssure of elasmobranch eggs is very different from that of 
teleost eggs, though both may be living in water of the same salinity. The relation 
existing l^tween the egg-contents of dog-fish eggs and the water is the same as 
that between the blood of the adult fish and the medium in which they live. 
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Ahiitract oj F rvczi it y- point Determinations. 


A of sea walci- — 1 *91 

A of egg-contents of Pkitrotieekn platemi .... -0*70 

A of blood of F. platcsm -0*75 

A of egg-contonts of dog-lish eggs . . . — 1*80 

A of blood of adult lish —1*90 


2. Cocciilia and Coccidioais in Birds, 

By H. B. Fantham, B,A., A,R,(J.S, 

One of (lie great causes of deatb in young birds, tiueh as grouse and pheasants, 
is popularly known lus ‘enteritis,* one of the symptoms being diarrhcca. The 
term enteritis has been used to cover many intestinal derangements, but one of 
the chief forms of it is now known definitely, and has also been proved 
experimentally to be due to Coccidia, microscopic, parasitic Protozoa belonging 
to the clas.s Sporozoa. Tho pathogenic agent in grouse, fowls, and pheasants is 
known as Kitmria (Coevidium) (loimn. 

Coccidia are responsible for fatal epizootics among grouse chicks, pheasants, 
fowls, turkeys, geese, ducks, and other birds, and hence tho study of the 
pathogenic organisms is of great economic importance. Resistant oocysts of tho 
parasite are voided in the f irises of the infected birds, and are acquired by other 
birds in their food or drink. A mature oocyst contains four sporocysts, in each 
of which two active, motile germs or sporozoites arc developed. The oocysts are 
swallowed by the birds, and under the intlneiice of the pancreatic juice the cyst 
walls are softened, the sporozoites creep out and penetrate the epithelial cells 
of tho duodenum of tho host. There they bocoinc rounded and grow, passively 
feeding on the host cell. 

After attaining a (certain size, the parasites now schizonts -proceed tn 
multiply. Nuclear division occurs, the. nuclei migrate to the periphery of the. 
cell, cytoplasm segregates round each nucleus, and a cluster of daughter germs 
or morozites ariiiiigcd “on barillet,*’ i.r., like the segmentj of an orange, is 
prodiK'od. Very little residual protoplasm remains after the formation of 
nu'rozoitcs. 'rhe groups of mciozoitcs break up and the small, vermicular 
parasites glide away and invailo other cells, there tn grow and multiply in 
exactly the same way jus did their parent cell.' A number of generations of 
merozoites is produced, and (ho destruction of the epithelium, due to their action 
and tho digestive derangements re.sulting therefrom, arc sullicient to cause the 
death of the host in somo cases. lint in most jnstaiices some merozoites ptiss down 
into the c;eca, where they grow and multiply, producing intense inflammation. 

Sooner or later a limit is reached both to the power of the bird to provide 
nourishment for the panisitc and to the multiplicative capacity of the parasite 
itself, and then sexual forms are produced. Some Coccidia b<?come large and 
imissive and contain much reserve food-material. These are tho macrogainetocytea 
or female mother cells, each of which gives rise to a single macrogamete ( ? ). 
Slightly smaller parasites (inicrogamctocytes) undergo nuclear multiplication and 
give riee to imiiiy minute, biflagcllate microgametes (<? ). The groups of microga- 
metes disperse jind each microgamete swims away in search of the 'inacrogamete. 
Tho lidter invests itself precociously with a cyst wall, in which a inicropyle is 
left for the entry of the juicrogamete. One microgamete only fuses with the 
macrogametc the process has been watched in life— and the oocyst wall is then 
completed by tho closure of tho rnicropyle. Tho oocysts may vary somewhat in 
si^e and shape. 

At first the oocysts arc uninucleate and their contents completely fill them. 
The contents then concentrate into a spherical mass, either at the centre or 
nearer to one end. The nucleus divides into four, and around each nucleus 
protoplasm aggregates, forming four round sporoblasfs. Each sporoblast develops 
into an ovarl sporocyet, inside which two sporozoites are formed. 

Coccidiosis is accompanied by an increase in the number of polymorpho- 
nuclear leucocytes in the blood, together with a decrease in the number of the 
erythrocytes. 
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, Young birds are mnrh more siisrepiiblo to roreidiosis than older ones, bnt 
older birds that have become chronics sm ve as reeervoirs of oocysts and constant 
sources of infection. In this connection infected foster-mothers of hand-rcavetl 
pheasants serve to infect young broods. 

Lime dressing of the soil, which destroys oocysts, is tin', most cITeitivo 
treatment devised at present for combating coccidiosis. Either a little ferrous 
sulphate, or a weak solution of catechu added to the drinking water is of service. 

All infected corpses should be burned and not buried, as oocysts remain 
infective in the soil for long periods. 


3. Fimi Resuitjf jrnyn the Oxford Anthropometric Lahoratorif. 

By Edgar Sciptsteu. J).Hc, 

I'he laboratory was started by Profes.^or ilonrtn' in January 1IM)S, with the 
following objects, among other.s (1) To obtain a .‘italistical .survey of Ihe pliysi 
eal development ot undergradiuifes. (2) 'fo uMortain what Ixjdily cliaiigos or 
developments take place during a man’s residen^-o in Oxford as an undergra<lnate, 
and whether such changes depend at all on what games ho plays, what srlexd 
he reads foi’, and so on. 

The following iruMsureinonts and te.sts are applied. (1) Acuity of risiitn ; 
(2) fijmt 2)atfern test. 'Phis test was devised by Dr. ■McMcjiigall. and is intentleil 
to measure the })ower of concentration. A |«ittprn made by pricking nine holes 
in a piece of cardboard is shown to the subject for a small* fraction of a .^ocoml 
by means of an electric light placed beiiind it and a. photographic sliutter. After 
seeing the pattern five times in this way, he is askeil to inake a map of it on 
srj[uared paper. This he probably fails to do conectly : lu* is th(*n shown tlie 
pattern hve times again and is asked to make a fresh map; and so on until lie 
gets it right. Some interesting results have been obtained with this Ic.st, for it 
has been found that the scholars and exhibitioners are distinctly bctt 4 'r at it 
than commoners; secondly, that men who siib.s<*quenlly took f’lr.st and se<’ond 
chwjses in the Final Schools were lietfer than t}u»se who look lowo’ cla.'^ses; and, 
thirdly, that men reading science and mathematics were, on the whole, better than 
those reading other subjects. (3) Lufuj capacity^ men'^ured with a .spiromc'U'i*. 
(4) Stature, standing, sitting, and kneeliiiL', from wlii< li arc dedmed Icn.L'tli of leg 
and length of tliigli. (3) Jic/y/t/. (G) Strvmfth of putt', and also the following 
heaft lupamremp/nti^ : length, breadth, anrienlar height, hori/ont.al cirenniference, 
sagittal arc, transvei'se arc. 

In treaHng <,)ie material the mhn are divideil, into groups according to age, 
and each age group is coii.siderod separately. Tho avejages, standard ileviations, 
and various correlation coefficients have been found ffu* each group. 'I’lio stren»tli 
of pull and lung rapacily increased considerably with age*. Stature, weight. ;?ml 
head length also .show a siniilar tj'udency. but m»t to n) markt'd an extent. 


4. Report on the Occupation of a Tahle at the Zootoyical Station, Naples, 
Sc(' Reports, ]). 165. 


5. Report on the Index Animalkm . — See Keports, ]). 167. 

6. Tteentietk Report on the Zjoology of the Sandwich Islands, 
See Keports, j). 167. 

■* 

7. Interim Report on Zoology Organisation , — See Reports, p. 168. 
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8. Ifpport on the Occupation of a Tahir at the Marine Lahoratory, 
Plymouth , — ^Sec Reports, p. 168. 

9. Report on the Biological Prohlems incidchial to the Inislcea Whaling 
Station , — Hoe Reports, p. 168. 

10. Third Report on Experiments in Inheritance. 

Soo Roporis, p. 169. 


11. Second Report on the Feeding Hahits of British Birds. 
See Reports, p. 169. 


A/OMhi S/CPTRA/HR/t 5. 

Joint Meeting with Suh-seetion B {Agriculture ). — See p. 583. 


Tho rollowirifT Pfi|HMs \vi*rr ic.-ul in Sfctioii J) ; -- 

J . Some Experiments and Ohservations on the Colours of Insect Larrce, 
By Proft'ssor W. Garrtano, D.Sc, 


2. Comparison of the Early Stages of Vertchrates. 
By Professor C. »S. Minot. 


3. I m^ert Coloration and Environment, By Mark L. Svkes. 


4. A Preliminary Note on the Formation, and Arrangement of the Opercular 
ChvUr. of Hiibellari. By Arnold T. Watson, F,L,S, 

Of tho petiiliarities of stiMuturc charactoristio of the family to whifh these 
.«»efIeTitary, tube-building Polychaeto worms belong, tho greatest interest attaches 
In the processes called by different zoologists by the names ‘ Kopflappen,* 
‘ Paloeutuagcr,* ‘ Cephalic lobes,* or ‘ IVristoniial lobes.* Their position in 
relation to the head of the animal has f-.voiired the idea of their being Cephalic 
l()b<>s, but such an arrangement would be exceptional, and it seelns more likely 
that they are derived from the anterior parapodia, a view which seems to bo 
Niipportiid by the present observations. These lobes, whifth are united dorsally 
at their bases, but are free terminally, bear on their ventral face a series of rows 
of l/tuitacles, th.eir crescent-shaped distal extremities being armed with three 
conc*entric‘ rows of palea>, each of characteristic form. The armed crescents of 
the two lobes, when drawn together, form the opercnhim defending the entrance 
to the tube on retreat of the inmate. Viewed from above the exposed portions 
of the palea> of the outer row are seen to be arranged in an imbricated manner, 
Ihoir^ frTO .ends directed outwards ; the paleije of the middle row also are slightly 
imbricated, their free ends, too, being directed outwards; the free ends of the 
innermost row, the cluntac of which alternate in position with the last-named, 
are directed inwards and upwards. From the exposed portions of each palea 
an extension in the form of a long curved shaft descends at an angle of 120° or 
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more, into the tissue of the lobe. From a very early stage in the life of the 
worai the form of these chaetae changes but little, except in regard to size, 
which increases, of course, with the growth of the worm. It is evident that 
during life new chaeta? must be constantly in course of format iun to rcplat'e 
the older ones which are cast off, and the pecuiliarity of form and complex ity of 
arrangement suggested that si>ccial provisions might he expected. By means of 
serial sections but little information could he obtained, luit on rendering the* 
lobes transparent it was found that, running lengthwise in each lobe, there exist 
two ‘nests* for the formation of the chsetw, the outer one sup]>lying the outer 
palcje, and the inner one supidying the middle and innoimost fialea', which are 
paclced alternately in the ‘nest-.* The pah'ie devehip in the ‘lU'st.’ commencing 
as minute hooked or angular particles, and cha?tu; hi an advanced stage can 
be clearly seen travelling through the tis.sue in a somewhat, spiral fashion in 
order to reach in rotation the- positions which they res|iertiv<‘1y take np at 
the dorsal end of each ojieiTiilar crescent. The foregoing remarks refc^r to 
Sabelfaria alrcolnta, and apply equally to Saht Jhtna afnnuloaa \ hut in the latter 
species T have discovered in each lobe two or threi* long curved acicular 
dorsal clitetafi in addition to the three rows of ch.eta; which form the operculum. 
In certain members of the family {Palladia) the (jpi*r<Milnm is armed with two 
rows of ch:ct.ie only, but there exist in addition two (»r more hooks, placed 
dorsally, in position coiTesponding with the acic nla above* n'l'iitioncd. 'riieso hooks 
have been con.sidered by .some zocdogi.sts homologous with the* missing middle row 
of opercular cha^t'oe, but in view of the exi.slyeiicc of th<* dorsal cluc.ta* of Ssftlx^ffarw 
,«pinif7oso^ in addition it) the complete thrcH* rcjws of opercular c'ha*ta\ siu h a \ iew 
scarcely seems tenable. 

The above are. of course, only notes cm an c‘pi?o(le in the formation of the 
operculum, to the minuter details of which T hope to give further attention. 


TUESDA r, SEPTEMBER 6. 

The following l^ajiera were read : — 

1. Sex and Immunity, By Geoffiiky Smith, M,A, 

One of the principal effects whi< h a parasite may exert on its host is to confer 
immunity upon it-. Immunity to a poison or poisonous organism is clue to the 
presence in the blood or body tluids of a Hub.sta.nce or substances which combine in 
sonic manncA’ with the poisonous substance.s and prevent them reaching the tissues 
in an active form. Khrlich has given a graphic representation of thi.s process in his 
side-chain theory, according to which an organic poison when it enters the body 
anchors itself to certain side-chains of the protoplasmic molecules, and the.se being 
unable to take up noiirisluncnt are I’egenerated in ex(‘es.s and ca.st off into the blood 
stream, where they act as antibody by seizing on the poi.son and preventing it 
reaching the tissues. 

Beside.s the well-known phenomenon of immunity a peculiar I'fTect of parasites 
on their hasts, especially among the invertobrata, is found in the Castration 
Parasitnirn of TJiard. It has been found that the pre.scnco of certain parasites 
causes the atrophy and sometimes the disappearance of the gonads of the host, 
together with peculiar chiinges in the secondary sexual characters. A careful 
analysis of a particular instance (the parasite SarruHna on the .spider crab 
Inarhm) has showni thfit the real effect of the parasite is to cause the male host 
to assume advlt female characters externally and after the death of the parasite 
internally aa well, large ova being produced from the testes; and in the case of 
the female host the effect is really the same, as the young infected females are 
forced to assume advlt female characters at a premature .stage. (See Q.J.M.S., 
vol. t54, p. 577, and vol. 55, p. 225.) The object of this paper is to suggest that 
this peculiar reaction to the presence of a panwite i.s really an immunity 
phenomenon. 

We have seen that the effect of Sac^lina on Inarhvs is to make the latter 
become adult female in character. Now the most important adult female character 



636 


TRANSACTIONS OF SECTION D. 


in a normal InarhuR is tho elaboration of a large quantity of yolk in the ovary 
which fills about half the body. In an infected Inachvs of either sex with 
atrophied gonad this process of yolk-elaboration can be proved to occur since the 
SntrfiHim roots ninnufacturc yolk very similar to the ovarian yolk of a normal 
female Innchus from the blood of the host. The parasite SarcvUnny therefore, 
forces tho Iriar/nt.^, whether male or female, to produce substances in the blood 
from which it can manufacture yolk. As fast fis these substances are produced 
tho Sarcvfitia takes them up, and by anchoring them stimulates their continued 
reproduction. These fomtile yolk- forming substances, saturating the body fluids 
of infected crabs both male and female, ranse tlu* development of the female 
secondaiy se.vual characters, and when the parasite dies and its roots no longer 
assimilate the yolk-forming substances, they are taken up by the remains of the 
gonad which conserpiently proceeds 1o form ova. In the case of Pelfogasier on 
Pupaguni!^, Potts (Q.J. M.ft., vol. 50, p. 51)9) has shown that small ova are formed 
in tho testes, of tho host while the* parasite is still alive, so that her© the excess 
of tho yolk-foimiiig subs tarn os is taken up by the gonad during the life of the 
parasite. This overproduetion of a substance which is being anchored by a 
parasite is closely analogous to the production of antibody in immunisation. The 
crab doubtless benefits by su]>plying the Sacn/Iijia with the yolk-forming sub- 
stance, as it thus protects other nutritional substances necessary for its vital 
organs from l)eing abstracted by the parasite. In this manner it is possible to 
bring the isolated and hitherlo inexplicable phenomenon of parasitic castration 
into the well-known category of immunity. 


2. Coral Snalrs and Peacocks. Bf/ Dr. H. F. Gadow, F.R.S. 


3. IMalion of Regeneration and Develo'pmental Processes. 

By Dr. J. W. Jknkinson. 

In a broad siuise ontogeny is distinguished from phylogeny; in a narrow, as 
tho develo])menL of an organism from an egg-cell, from budding and regeneration. 

In development the three processes of cell and nuclear division, growth and 
differentiation aiv, easily recognised. Differentiation the main problem — is deter- 
mined by extcTiial factors, a definite roiistitution of the physical and chemical 
environment licing necessary, and internal. The latter are : (1) The initial struc- 
lur© the germ; (2) the interaction of developing parts. 

With regard to (1) Weismanirs eoncept’on of the qualitative division of the 
nucleus has been abandoned, for wdiile wo know (lloveri) that tiie chromatin 
elements in the nucleus are unlike, we also know that each cell of the developing 
organism must necessarily contain a eomplolc specific set of these elements. 
We turn tlnm to (he cytoplasm and find that experiments prove the existence of 
dotinite organ foiming substances in il, arranged in a definite way, and some- 
times stratified and graded. This arrangement accounts for the observed pro- 
gre.ssive restriction «d the potentialities of p.arts. Segmentation segregates these 
sub.slanc»is into cells, but the order in which the material is cut up is immaterial; 
tlie ess<‘iice of segmentation is to reduce the ratio of cytoplasm to nucleus. In 
regeneration -the prodmtion of a whole .stria tni*e by a part in a differentiated 
organism .similar jiroccsses and factors may bo observed. 

Regemeration of both internal and external members — is of practically 
universal o< <’nrienre in the .animal kingdom. The regenerate often differs quanti- 
tatively or rpialitatively (het-oromorpho.sis) from tho oi-iginal. Reversal of polarity 
is a special case of the latter. 

Features common to all regenerations are tho covering of the wound, the 
wll -multi plication (to reduce the cytoplasm-nucleus ratio), growth — always at 
right angles to the cut surface, and at a rate which alters like the ontogenetic rate 
— and differentiation. Differentiation follows the ontogenetic order as a rule, 
but may differ from it (anomalous behaviour of germ-layers). Of the external 
factors little is known, but it is certain that the actual injury is the prime 
stimulus. Internal factors are : Interaction of parta, size (there is a minimal 
size), degree of differentiation (power of regeneration decreases with age), level 
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or material (necessarily cytoplasmic since the nuclei are all alike)j and polarity. « 
Polarity may be expressed in terms of a graded stratification of materials. In 
fact, to the adult organism there must be attributed the same organ-forming 
substances as were present in the germ, and similarly arranged. The difficulty 
is that the former is divided into differentiated cells. A second difficulty is 
presented by the anomalous behaviour of the germ-layers, and by the fact that 
a part in which these substances exist ex hypothtei in other than the correct 
proportions can yet form a whole. This indicates that the proMem is funda- 
mentally the problem of assimilation, and it should be borne in mind that 
metabolism and regeneration are just the two functions which depend, in 
Protozoa, on the presence of the nucleus. 


4:. Semination in Calidris arenaria: A Key to some Problems regarding 
Migratory Movements in the Breeding-Season. By C.* J. Fatten, 
M.A., M.D., Sc.D. 

The positive evidence which I now possess of the occurrence of the Sanderling 
(Calidris arenaria) throughout the summer along various parts of the British coast 
prompted me to make an examination of the testes with the view of throwing 
some further light on the question as to the probability of the species breeding 
in our Isles. From a study of the bird’s habits 1 have already .nado out several 
facts which support the view that birds apparently in nuptial plumage, and 
occurring along the coastlands in our Isles in the height of the breeding-season 
are not fully matured, and even in their plumage a slight but important difference 
from the true nuptial garb could bo ni<ade out. This plumage I have called 
pre-nuptial, ‘ and it is with special reference to birds in such garb that I now put 
forward the results of my investigations into the condition of the testes at the 
time when, if active, they should be at the zenith of development. 

T shall have but little reference to make regarding birds in true nuptial 
plumage, seeing that they do not tarry during the vernal migration along our 
shores more than a few days, and their occurrence with and departure from us 
always well precedes the time of the commencement of nesting. 

The remarkable fact that in birds the testes reach a relatively enormous size 
during the limited period in which they are functionally active is a point which 
I have kept carefully in view I have investigated the state of the testes in a 
large number of our common birds which are known to start breeding in April 
and May, and have found that the glands reach their maximum size from a 
week to a fortnight before the first laying of eggs takes place. Vvnen one 
confiiders 'that the teste.s of small birds (e.gr., House-Sparrow, Hedge-Sparrow, 
Robin, and many others which I have examined) in January are only the size of a 
pin’s head (1 mm. greatest diameter), and in April or May, as the case may be, 
reach the size of a small bean (average about TS cm. in greatest diameter), it is 
natural to suppose that if functionally active the testes of the Sanderling should 
present correspondingly large dimensions at a corresponding period before the 
female bird begins to lay. In this species the early clutches of eggs are laid 
about the middle of June, the hatching-season lasting into July. Out of a 
large series of testes obtained in May and June the greatest measurements did 
not exceed mm., 3*5 mm. being the average, while in Sanderlings obtained in 
July the testes were still smaller, averaging 3 mm. in greatest diameter.’ By early 
August a further reduction had taken place in the size of the glands, and both 
naked-eye and microscopical examination showed a marked similarity with the 
testes of adult birds obtained in mid-winter. In the absence of knowledge as to 
the size attained b^ the fully functional testes of the Sanderling, I have noted that 
in those birds which show close affinities and come under the same family, viz., 
CharadriidcRf and are much about the same size as the Sanderling (Common 
Sandpiper, Dunlin, Binged Plover), the testes in May and June were double 
the size of the largest testes of Calidris arenaria obtainable from my collected 

* Vide British Association Report^ 1909, p. 605. 

^ Even in many speoies whioh breed in April and May the fpR size of the 
active testes is almost maintained in July. 

1910. 
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series. Hero X luay add, Viowever, iVvatr in a levi V)\rda oVjiained i^viacds V.\i6 and 
of April the testes were as large as those of the other Banderlings obtuned 
a month later, and were probably rapidly on the road to functional activity. 
But the flocks from which these birds were obtained only tarried a few days 
on the coast, and 1 believe that the birds were mature not only from their plumage 
and behaviour, but also owing to the comparatively large size of the seminiferous 
tubules, though while spermatogenesis seemed to-be commencing, fully formed 
and ripe sperm-cells (spermatozoa) were not present. Histologically the condition 
of such testes resembled that maintained in the glands of a mature Hedge-Sparrow 
procured in late February. Should one have been able to examine the testes of 
these Sanderlings in the beginning of June they probably would have been 
1'2 cm. in greatest measurements and quite functioniil. In subjecting thin sections 
to microscopical examination, a striking difference could be made out between 
those of CaUdris arenaria and of many shore-birds in which the glands were 
actively functional. Apart from the countless swarms of spermatozoa which 
occupied the *seminiferous tubules in the latter, the tubules themselves were 
markedly larger. The proportion between the two is at once manifest when with 
a i-in. objective and No. 2 Huygenian eye-piece fitted to the usual 10-in. microscope 
tube one finds in the active glands a single tubule, in contrast to some forty to 
sixty tubules of the inactive glands occupying the whole field of the microscope. 
The testes of the Sanderlings were all embedded in paraffin, cut in ribbons, and 
mounted as serial sections. The time taken in examining complete series has been 
considerable.'' I feel, however, safe in seating that, apart from the phenomenon of 
semination in the testes of the birds obtained toward the end of April, while 
a certain amount of spermatogenesis has taken place, this has passed through 
more or le.ss abortive phases, no real functional activity having been reached. 
Yet I would not like to insist that no Sanderlings in pre-nuptial plumage breed. 
The species no doubt varies individually within limits (as in the case with other 
animals) in arriving at maturity, some birds being more precocious than others. 
However, with regard to Sanderlings which occur along our shores during the 
period when they ought to be nesting, those birds not pairing seem to split into 
small parties and to lead a sort of nomadic life from shore to shore, being some- 
what inconspicuous even to the trained observer until about August when they tend 
to muster; while in Septemlicr they join company with migrants coming from 
northern climes, the latter, as a rule, being young birds in first autumn plumage. 
Thus are formed flocks of young and partially matured birds, hitherto spoken 
of as adults and young. The fully adult birds,, apparently arrive later (about 
October). I do not consider them at all ns plentiful along our coastlands. 
Probably many pass on to southern climes before mid-winter. 

Before concluding I may say that there is .^reason to believe that other species 
of shore-birds take more than one year to reach maturity, and that prior to this 
period their desultory migratory movements correspond in the main to those 
of the Sanderling. Here, then, investigations into the question of semination 
afford a key in the elucidation of some points of importance dealing with avian 
migration and geographical distribution. 


WEDNESDAY, SEPTEMEER 7. 

The following Papers were read : — 

1. The Anatomy and Physiology of Calma glaucoides. 
By T. J. Evans. 


2.* Some Anatomical Adaptations to the Aquatic TAfe in Seals. 

By H. W. Marett Tims, M.A., M.D. 

Certain anatomical adaptations to life in the water are to be found in all 
purely aquatic animals, e,g., expansion of the posterior end of the body, modifica- 
tion of the limbs, shortening and practical obliteration of the neck region (as 
for as external appearance) and modifications of the larynx. 

The details of those structural adaptations in the seal have been fully 
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described by the author in Voiume V. o£ the 'National Antarctic Expedition 
Natural History. The object of this paper was to draw attention to the remark- 
ably early stage of fcetal life at which all these adaptive modifications become 
fully established, and the possible bearing which such facts may have upon the 
question of the inheritance of acquired characters. 


3. The Temjioral Bone in Primates, By Professor li. J. Anderson, M,D. 

The temporal bone is usually regarded as a bone of the cranium, chiefly 
because of the relations of the petro-mastoid portion. The squamosal has so 
much to do with the face bones that it might be considered as occupying an 
intermediate positon. The zygoma brings the temporal squamosal into relation 
with the jugal, and sometimes the maxilla. The squamosal mtay reach the jugal 
apart from the zygomatic connection. The direct relationship of the mandible 
with the temporal in mammals obviously emphasises the connection of the 
squamosal with the face. In primates the size of the squamosal varies. It is 
much reduced in some rodents. It looks like an arch from beneath which the 
petro-mastoid appears behind and the tympanic in front. The squamosal has 
a connection with the brain-case in man that looks jiiore evident on the outside 
of the skull than on the inside. The parietal runs down internally, sepai’cating 
much of the temporal squamosal from the cranial cavity, in Kqnidm the facial 
relationship is most .pronounced. The tympanic may have independent 
mechanical functions also (as in some ni<*immals). The s(piamosal may i)reserve 
its identity for a long time, or during life (as in a gorilla in the Museum 
d’Histoire Naturelle do Paris referred to by Le Double), and in the chimpanzee 
the persistence of the suture is not uncommon. Occasionally the zygomatic and 
squamoso parts arc separate. Of this condition, which is due to developmental 
causes, Meckel and Gruber record instances. Le Double found the squamosal 
divided. I believe I have met this once in man, and also in the chimpanzee. 
In the latter the upper triangular part looks like a Wormian bone. The effect 
of the facial growth on the nutrition of the temporal may lead to two sources of 
supply being emphasised. The cranial portion may then go with the cranial 
supply. Three centres of ossification are present in man in the case of the 
squamosal, one for the zygoma, one for the scale, and a third for the ear part. 
Four centres may be present. This condition seems rare in primates, and it is 
difficult to decide upon the normal number. Ossific foci are apt to vary with the 
nutrition, and that the ossific deposits arc very sensitive to such changes an 
examination of the skulls of pr;u?ates bred in captivity amply proves.* 

Le Double gives a second suture in squamosal of Ateles. The anterior range 
of the temporal depends on the development of the parietal and the sphenoid. 
A postal process is often found in primate skulls — in one in seven skulls in 
Australian aborigines. In Papuans the abnormality is rarer, and it is still rarer 
in white and yellow races. It is the usual thing in gorillas, less common in 
chimpanzees, much less so in orangs, and less so in gibbons. This connection 
seems to show a tendency in some types to emphasise the relationship of the 
temporal with the facial as in ungulates and rodents. Le Double, following 
Calori, Broca, Gruber, .and 'Virchow, regards the process as theromorph. 
Anoutchine* (Stieda), Rathke, and recently Schwalbe, tjike a different view. 
The possibility of the advance being due to the formation of Wormian bones and 
their subsequent union to the temporal is certain. The tympanic has three 
ossific foci also. The centre for the styloid process is variable. Owen mentions 
that the styloform process or angle in gorilla contrasts wdth the absence of 
this in chimpanzee. 
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Section B.— GEOGRAPHY. 

President of the Section. — ^Professor A. J. Herbertson, M.A., PI1.D. 


TJllJJiSnAY, SEVTtmUFAl 1 . 

Tho President d<ilivered the following Address : — 

, Geofjra'phy and some of its Present Needs. 

Ceographical Progress in the Last Deoade. 

At the close of a reign which has practically coincided with the first decade of a 
new century, it is natural to look back and summarise the progress of geo- 
graphy during the decade. At the beginning of a new reign it is equally 
natural to consider the future. Our new Sovereign is one of the most travelled 
of men. No monarch knows the World as ho knows it ; no monarch has ruled 
over a larger Empire or seen more of his dominions. II is advice has been 
to wake up, to consider and to act. This involves taking existing geographical 
conditions into account. It will be in consonance with this advice if I pay more 
attention to the geography of the present and fulure than to that of the past, 
and say more about its a.pf)lications than about its origins. Yet I do so with 
some reluctance, for the last decade has been one of the most active and interest- 
ing in the history of our science. • 

Among the many geographical results of work in the past decade a few may 
be mentioned. The measurement of new and the remeasureinent of old arcs 
will give us better data for determining the size^and shape of the Earth. Surveys 
of all kinds, from the simj)le route sketches of the traveller to the elaborate 
cadastral surveys of some of the more populous and settled regions, have so 
extended our knowledge of the surface features of the Earth that a map on 
the scale of 1 : 1,000,000 is not merely planned, but actually partly executed. 
Such surveys and such maps arc the indispensable basis of our science. 

The progress of oceanography has also been great. The soundings of our own 
and other Admiralties, of scientific oceanographical expeditions, and those made 
for the puri)ose of laying cables, have given us much more detailed knowledge 
of the irregularities of the ocean floor. An international map of oceanic contours, 
due to the inspiration and munificence of the Prince of Oceanographers and of 
Monaco, has been issued during the decade, and so much new material has 
rccumulated that it is now being revised. A comparison of the old and new 
editions of Kriimmel’s * Ozeanographie * shows us the immense advances in this 
subject. 

Orcat progress has been made on the geographical side of meteorology 
and climate. The importance of this knowledge for tropical agriculture and 
hygiene has led to an increase of meteorological stations all over the hot belt — 
the results of which will be of value to the geographer. Mr. Bartholomew’s 

* Atlas of Meteorology * appeared at the beginning, and Sir John Eliot’s 

* Meteorological Allas of India ’ at the end of the decade. Dr. Hann’s * Lehr- 
buch ’ and the new edition of his * Climatology,’ Messrs. Hildebrandsson and 
Teisserenc de Bort’s great work, and the recent studies of the Upper Atmo- 
sphere, are among the landmarks of progress. The record is marred only by 
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the closing of Ben Nevis Observatory at the moment when its work would have 
been most necessary. To appreciate the progress of Climatology it is only neces- 
sary to compare the present number and distribution of meteorological stations 
with those given in Bartholomew’s Atlas of 1S99. 1 have not time to recapitu- 
Vate the innumerahVe studies oi geographicai value hsued hy many meteoxoiogicai 
services, observatories, and observers — ^public and private — but 1 may call atten- 
tion to the improved weather maps and to the excellent i^ilot charts of the North 
Atlantic and of the Indian Ocean published monthly by our Meteorological Office. 

Lake studies have also been a feature of this decade, and none are so complete 
or so valuable as the Scottish Lakes Survey — a work of national importance, 
undertaken by private enthusiasm and generosity. Wo have to congratulate 
Sir John Murray and Mr. Pullar on the completion of a great work. 

In Geology I might note that we now possess a map of Europe on a scale 
of 1 : 1,600,(X)0 prepared by international co-operation and also one of North 
America on a smaller scale ; both invaluable to the geographer. The thanks 
and congratulations of all geographers are due to Professor Suess on the con- 
clusion of his classical work on the Face of the Earth, the first comprehensive 
study of the main divisions and characteristics of its skeleton. English readers 
are indebted to Professor and Miss Sollas for the brilliant English translation 
which they have prepared. 

A new movement, inspired mainly by Professor Flahanlt in France, Pro- 
fessor Geddes in this country, Professors Englcr, Drude, and Schimper in Ger- 
many, has arisen among botanists, and at last we have souic 1111 x 10111 botanical 
geography which is really valuable to the geographer. I wish we could report 
similar progress in zoological geography, but that, I trust, will come in tho next 
decade. 

1 pass over the various expensive arbitrations and commissions to settle 
boundary disputes which have in many cases been due to geographical ignorance, 
also the important and fascinating problems of the growth of our knowledge 
of the distribution of economic products and powers, existing and i>otential, and 
the new geographical problems for statesmen due to the iiolitical and economic 
revolutions in Japan and China. 

It is quite impossible to deal with the exploration of the decade. Even in tho 
past two years we have had Peary and Shacklcton, Stein and Hedin, tho Duke of 
the Abruzzi, and a host of others returning to tell us of unknown or little known 
parts of the globe. We hope to hear soon from Dr. Charcot the results of the 
latest investigations in tho Antarctic. Further work is being undertaken by 
Scott and his companions; by Bruce, Amundsen, Filchner, and others in tho 
South or North Polar ice worlds; by Longstaff, Bruce, and otb^'s in the 
mountains of India and Centrrl Asia; by Goodfellow and Ryder in New 
Guinea; and by many other expeditions. 

One word of caution may, perhaps, be permitted. There is a tendency on the 
part of the public to confuse geographical exploration and sport. The newspaper 
reporter naturally lays stress on the unusual in any expedition, the accidental 
rather than the essential, and those of us who have to examine the work of 
expeditions know how some have been unduly boomed because of some adven- . 
turous element, while others have not received adequate popular recognition be- 
cause all went well. The fact that all went well is in itself a proof of competent 
organisation. There is no excuse for us in this section if we fall into the jour- 
nalist’s mistake, and we shall certainly be acting against the interests of both our 
science and our section if we do so. 

Tht Position of GtOQtayKy in the Association. 

It was not my intention in this address to raise the question of what is 
Geography, but various circumstances make it desirable to say a few words upon 
it. We are all the victims of the geographical teaching of our youth, and it 
is easy to understand how those who have retained unchanged the conceptions 
of geography they gained at school many years ago gavil at the recognition of 
geography as a branch of science. Moreover, the geography of the schools still 
colours the conceptions of some geographers who have nevertheless done much to 
make school geography scientific and educational. Many definitions of geography 
are consequently too much limited by the arbitrary but traditional division of 
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school subjects. In schools tradition and practical convenience have, on the 
whole rightly, determined the scope of the different subjects. Geography in 
schools is best defined as the study of the Earth as the home of Man; its limits 
should not be too closely scrutinised in schools, where it should be used freely as 
a co-ordinating subject. 

The present division into sections of the British Association is also largely 
a matter of practical convenience, but we are told that the present illogical 
arrangement of sections distresses some minds. No doubt there are some curious 
anomalies. The most glaring, perhaps, is that of combining mathematics with 
physics — as if mathematical methods were not used in any other subject. 

There is undoubtedly a universal tendency to sub-division and an ever- 
increasing specialisation, but there is also an ever-growing interdependence of 
diiTeroiit parts of science. The British Association is unquestionably bound to tabe 
the latter into account as well as the former. At present this is chiefly done by 
joint meetings of sections : a w'ise course, of which this section has been one of 
the chief promoters. It is possible that some more systematic grouping of sections 
might be well advised, but such a reform should be systematic and not piecemeal. 
It is one whi' h raises the whole question of the classification of knowledge. This 
is so vast a problem and one on which such divergent opinions are held that I 
must apologise for venturing to put forwjird some tentative suggestions. 

It might be found desirable to take as primary- divisions the Mathematical, 
Physical, Biological, Anthropological, and Geographical groups. Mathematical 
applications might also be considered in each of the sections which use mathe- 
matical notations. In the Physical group there should be the sub-divisions 
Physics and Chemistry. Each would devote a certain proportion of time to its 
applied aspects, or these might be dealt with in sub-scctions which would include 
Engineering and Applied Chemistry. In the Biological group there would be 
Botany, Zoology, in both cases including Palaeontology and Embryology, and 
Applied Biology, which would be dealt with in one or other of the ways I have 
suggested, and would include Agriculture, Fisheries, &c. (Medicine we leave 
out at present.) In the Anthropological group, in addition to the present Anthro- 
pological Sind Economics, there should be a section on Psychology, which might 
or might not be attached to Physiology sind have the Education Section as a 
practical appendage. In the Geographical group there would bo Geography and 
Geology, the practical applications of Geography and Geology being considered 
in joint meetings with other sections or else in sub-sections — for instance. Geo- 
graphy and Physics for questions of Atmospheric and Oceanic Circulation. 
Geography and Economics for questions of Transportation, &c. 

K . 

The Need for Classi fimtions and Notations in Geomorpholog'^y <l?c. 

So much, then, for the classification of Geography with reference to the other 
sciences. 1 should like to say a few words about the sub divisions of Geography 
and the vexed question of terminology. 

In the scheme of the Universe it is possible to consider the Earth as a unit, 
with its own constitution and history. It has an individuality of its own, 
though for the astronomer it is only one example of a particular type of heavenly 
bodies. A^ geographers we take it as our unit individual in the same way that an 
anatomist takes a man. We see that it is composed of different parts and we 
try to discover what these are, of what they are composed, what their function 
is, what has been their history. 

One fundamental division is into land, water, and air. Each has its forms 
and its movements. The forms are more obvious and persistent in the land. 
They are least so in the atmosphere, though forms exist-— some of which are at 
times made' visible by clouds, and many can be clearly discerned on isobaric 
charts. The land is the temporarily permanent; the water and atmosphere 
the persistently mobile ; the latter more so than the former. The stable forms 
of the land help to control. the distribution and movements of the waters and to a 
less extent those of the atmosphere. How great the influence of the distribution of 
land and water is on the atmosphere may be seen in the monsoon region of 
Eastern Aeia. 

The study of the land, the ocean, and the atmosphere has resulted in the 
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growth of special branches of knowledge — Geomorphology, Oceanography, and 
Climatology. Each is indispensable to the geographer, each forms an essential 
part of the geographical whole. Much research work is and will be carried on 
in each by geographers who find their geographical studies hampered for the lack 
of it. As geographical progress is to a consideriible extent conditioned by progress 
in these subjects, it would be legitimate to examine their needs. Time, how’ever, 
will admit only a note on one of the barriers to progress in geomorphology — 
the lack o£ a good classification and notation. 

Geomorphology deals with the forms of. the land and their shaping. Three 
things have to be kept clearly in view ; (i) The structure, including the composi- 
tion, of the more permanent substance of the form; (ii) The forces which are 
modifying it; and ^iii) The phase in the cycle of forms characteristic of such 
structure acted on by such forms. "We may say that any form is a function 
of structure, i)rocess, and time. The matter is even more complicated, for we 
have instances, t.g, in antecedent drainage systems, of the conditions of a 
previous cycle affecting a subsequent one — a kind of heredity of forms which 
cannot be neglected. 

The geomorphologist is seeking for a genetic classification of forms, and in 
the works of Bertrand, Davis, do la Noe and do Margerie, Penck, Richthofen, 
Suess, and Supan and their pupils are being accumulated the materials for a 
more complete and systematic classification of forms. As you all know, the 
question of terms for the manifold land-forms is a difficult and apt to 
engender much more controversy than the analysis of the forms themselves. 
1 believe that we shall find it advantageous to adopt some notation analogous 
to that of the chemists. I have not yet had time to work such a notation 
out in detail, but it might take the form of using different symbols for the 
three factors noted above — say, letters for different kinds of structure, Arabic 
figures for processes, and Roman figures for the stage of a cycle the form has 
reached-. 

Take a very simple set of structures and indicate each by a letter : — 


Ihidis- 

turhcMl Faulted 

homogeneous A A' 

horizontal . . . , B B' 

Structure . . - layered ■ tilted C O' 

folded D D' 

^mixea E E' 


Tf pervious or impervious, a p or an i could be added — c.j/., a tilted lime- 
stone with faults would be C'p. 

Next 'ndicate the commoner erosion proce.sses by Arabic numerals : — 


Process . 


'moving water, 
ice . 
wind 
sea . 


1 

2 

3 

4 


One process may have followed another, t,g, where a long period of ice 
erosion has been followed by water erosion we might write 2T where these 
alternate annually, say 21. 

The phase of the cycle might be denoted by Roman figures. A •scale of V 
might be adopted and I, III, and V used for youthful, middle-aged, and old- 
aged, as they have been called; or early, middle, and late phases, as I prefer 
to term them. 11 and IV would denote mtermediate phases. 

A scarped limestone ridge m a relatively mature phase likjs the Cotswolds 
would 1^, if wo put the process first — 1 C' III. : A highland like the Southern 
Uplands of Scotland would be denoted by^ the formula 1*2*1 E'lII. 

This is the roughest suggestion, but it shows how we could label our cases 
of notes, and pigeon-hole our types of forms — and prevent for the present undue 
quarrelling over terms.' No doubt there would be many discussions, for example, 


' What I wish to make clear is that it is not necessary to invent a new term for 
every new variety of land form as soon as it is recognised. It will suffioo at first to 
be able to label it. The notation will also stimulate the search for the recognition 
of new varieties. 
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shout thft eisjct phs£e of the cycle, 'whether ice in addition to water has beoi an 

agent in sYiaping this ot that iorm, an^ so on. liVnt, attox aW, d\sonss\OTA 

would be more ju'ofi table than quarrels as to which descriptive term, or place 
name, or local usage should be adopted to distinguish it. 

The use of such notations in geographical problems is not unknown. They 
were employed by Koppen in his classification of climate ; and now in the case 
of climatology, there is coming to be a general consensus of opinion as to what 
are the chief natural divisions, and the use of figures and letters to indicate them 
has been followed by several other authors. This should also be attempted for 
oceanography. 

If any international agreement of symbols and colours could be come to for 
such things it would be a great gain, and I hope to bring this matter before 
the next International Geographical Congress. 

The Need for Selecting Naturd Geographicd Units. 

We have still to come to Geography proper, which considers land, water, and 
air not merely separately but as associated together. What are the units smaller 
than the whole Earth with which our science has to deal ? 

When we fix our attention on parts of the Earth, and ask what is a natural 
unit, we are hampered by preconceptions. We recognise species, or genera, 
or families, or races as units — but they are abstract rather than concrete units. 
The reason for considering them as units is that they lopresent an historical 
continuity. They have not an actual physical continuity, such as the component 
parts of an individual have. Concrete physical continuity in the present is what 
differentiates the geographical unit. Six‘aking for myself, I should say that every 
visible ‘concrete natural unit on the Earth’s surface consisting of more than one 
organic individual is a geographical unit. It is a common difficulty not to be 
able to see the wood for the trees; it is still more difficult to recognise that the 
wood consists of more than trees, that it is a complex of trees and other vegeta- 
tion, fixed to a definite part of the solid earth and bathed in air. Wo may speak 
of a town or State as composed of people, but a complete conception of either 
must include the spacial connections which unite its parts. A town is not merely 
an association of individuals, nor is it simply a piece of land covered with streets 
and buildings ; it is a combination of both. 

It is true that, in determining the greater geographical units, man need not be 
taken into account. We are too much influenced by the mobility of man, by his 
power to pass from one region to another, and eve are apt to forget that his 
influence on his environment is negligible except when we are dealing with rela- 
tively small units. The geographer will not neglect man; he will merely be 
careful to 'prevent himself from being unduly influenced by the human factor in 
selecting his major units. ' ‘ 

Some geographers and many geologists have suggested that land forms alone 
need be taken into account in determining these larger geographical units. 
Every different recognisable land form is undoubtedly a geographical unit. A 
vast lowland such as that which lies to the east of the Kocky Mountains is 
undoubtedly a geographical unit of great importance, but its geographical sub- 
divisions are not necessarily orographical. The shores of the Gulf of Mexico 
could not be considered as geographically similar to those of the Arctic Ocean, 
even if they were morphologically homologous. The lowlands of the polar regions 
are very different from those at or near the tropics. The rhythm bf their life 
is different, and this difference is revealed in the differences of vegetation. 

I wish to lay great stress on the significance of vegetation to the geographer 
for the purposes of regional classification. I do not wish to employ a 
biological terminology nor to raise false analogies betvreen the individual 
organism and the larger units of which it is a part, but I think we should do 
well to consider what may be called the life or movement going on in our units 
as well as their form. We must consider the seasonal changes of its atmospheric 
and of its water movements, as well as the parts of the Earth’s crust which they 
move over and even slightly modify. For this purpose a study of climatic 
regions is as necessary as a study of morphological regions, and the best guides 
to the climatic regions are the vegetation ones. 

By vegetation I mean not the flora, the historically related elements, but 
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the vegetable coating, the space-related elements. Vegetation in this sense is 
^ ol Vnvpoiissiee. It vndieates qaaWtY — 

quality of atmosphere and quality of soil. It is a visible synthesis of the 
climatic and edaphic elements. Hence the vast lowlands of relatively uniform 
land features are properly divided into regions according to vegetation — ^tundra, 
pine forest, deciduous forest, warm evergreen forest, steppe, and scrub. Such 
differences of vegetation are full of significance even in mountainous areas. 

The search after geographical unity— after general features common to recog* 
nisable divisions of the Earth’s surface, the analysis of these, their classifica- 
tion into types, the comparisons between different examples of the types — seem 
to me among the first duties of a geographer. Tv^o sets of studies and maps 
are essential — topographical and vegetational-^the first dealing with the super- 
ficial topography and its surface irregularities, the latter relating to the quality 
of climate and soil. Much has been said in recent years — more particularly 
from this Presidential chair— on the need for reliable topographical maps. 
Without such maps no others can be made. But .when they are being made 
it would be very easy to have a general vegetational map compiled. Such maps 
are. even more fundamental than geological maps, and they can be constructed 
more rapidly and cheaply. Every settled country, and more particularly every 
partially settled country, will find them invaluable if there is to bo any intelli- 
gent and systematic utilisation of the products of the country. Possessing both 
sets of maps the geographer can proceed with his task. 

This task I am assuming is to study environments, to examine the forms 
and qualities of the Earth’s surface, and to recognise, define, and classify 
the different kinds of natural units into which it can be divided. For*theso 
we have not as yet even names. It may seem absurd that there should be 
this want of terms in a subject which is associated in the minds of most people 
with a superfluity of names. I have els<^where suggested the use of the terms 
major natural region, natural region, district, and locality to represent different 
grades of geographical units, and have also attempted to map the seventy or 
eighty major natural regions into which the Earth’s surface is divided, and to 
classify them into about twenty types. These tentative divisions will necessarily 
become more accur?.te as research proceeds, and the minor natural regions into 
which each major natural region should be divided will be definitely recognised, 
described, and classified. Before this can be done, however, the study of geomor- 
phology and of plant formations must be carried far beyond the present limits. 

The value of systematic and exhaustive studies of environment such as those 
I suggest can hardly be exaggerated. Without them all attempts to estimate the 
significance of the environment must be superficial guesswork. No d — >t it as 
possible to exaggerate the importanc j of the environmental factor, but it is equally 
possible to undervalue it. The truly scientific plan is to analyse and to evaluate 
it. Problems of the history of human development as well as those of the future 
of human settlements cannot be solved without this. For the biologist, the his- 
torian, the economist, the statesman this work should be carried out as soon and as 
thoroughly as is possible in the present state of our knowledge. 

A beginning of systematic geographical studies has also been made at the 
opposite end of the scale in local geographical monographs. Dr. H. B. ^11, 
one of the pioneers of geography in this country and one of my meet distinguished 
predecessors in this chair, has given us in his study of south-west Sussex an 
admirable example of the geographical monograph proper, which takes into 
account the whole of the geographical factors involved. He has employed 
quantitative methods as far as these could be applied, and in doing so has 
made a great step in advance. Quantitative determinations are at least as 
essential in geographical research as the consideration of the time factor. At 
Oxford we are continuing Dr. Mill’s work. We require our diploma students to 
select some district shown on a sheet of this map for detailed study by means 
of map measurements, an examination of statistics and literature which throw 
light on the geographical conditions, and, above all, by field work in the selected 
district. Every year we are accumulating more of these district monographs, 
which ought, in their turn, to be used for compiling regional monographs dealine 
with the larger natural areas. In recent years excellent examples of such regional 
monographs have come from France and from Germany. 
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The geomorphologist and the sodologist have alA> bdeied themselves with 
particular aspect!^ of selected localities. Profes^r W. M. Davis, of Harvard, 
has published geomorphological monographs which are invaluable as models of 
what such work should be. In a i^imber of cases he hai^ passed beyond mere 
morphology and ha's called attention to the Organic responses associated with 
each land form. Some of the monographs published under the supervision of 
the late Professor Ratzel, of Leipzig, bring out v^ry clearly the relation between 
organic and inorganic distributions, and some of the monographs of the Le Play 
school incidentally do the same. 

The Double Character of Geogra'phical Research, 

To carry on geographical research, whether on the larger or the smaller 
units, there is at present a double need, in the first place of collecting new 
information, and in the second place of working up the material which is 
continually being accumulated. 


The Need for the Systematic Collection of Data, 

The first task — that of collecting new information — is no small one. In many 
cases it must be undertaken on a scale that can be financed only by Govern- 
ment*?, Oidnance and Geological Surveys of our own and other countries 

are examples of Government departments carrying on this work. We need more 
of them. The Presidents of the Botanical and Anthropological Sections are, I 
imderstand, calling the attention of the Aseociation to the urgent necessity for 
complete Botanical and Anthropological Surveys of the kingdom. All geographers 
will warmly support their appeal, for the material which would be collected 
through such surveys is essential to our geographical investigations. 

Another urgent need is a Hydrographical Department, which would co- 
operate with Dr. Mill’s rainfall organisation. It would be one of the tasks of 
this department to extend and co-ordinate the observations on river and lake 
discharge, which arc so important from an economic or health point of view that 
various public bodies have had to make such investigations fol- the drainage areas 
which they control. • Such research work as that done by Dr. Strahan for the 
Exe and Medway would be of the greatest value to such a department, which 
ought to prepare a map showing all existing \^ter-rights, public and private. 
We shall see how serious the absence' of such a department is if we consider 
how our water-supply is limited, and how much of it is not used to the best 
advanthgo. We must know its average quantity and the extreme variations of 
supply. We must also know what water is afteady assigned to the usee of persons 
and corporations, and what water is still available. We shall have to differen- 
tiate between water for the personal use of man and animals, and water for 
industrial purposes. The actualities and the potentialities can be ascertained 
and should be recorded and mapped. 

The Need for the Application of Geographical Methods to Already Collected 

Data, 

In the second direction of research — that of treating from the geographical 
standpoint the data accumulated, whether by Government departments or by 
private initiative— work has as yet hardly been begun. 

The topographical work of the Ordnance Survey is the basis of all geographical 
work in our country. The Survey has issued many excellent maps, none more 
so than the recently published half-inch contoured and hill-shaded maps with 
colours ‘in layers.’ Its maps are not all above criticism; for instance, few can 
be obtained for the whole kingdom having precisely the same symbols. It has 
not undertaken some of the work that should have been done by a national 
cartographic service — for instance, the lake survey. Nor has it yet done what 
the Geological Survey has done — ^published descriptive accounts of the facts 
represented on each sheet of the map. From every point of view these are great 
defects ; but in making these criticisms we must not forget (i) that the Treasury 
is not always willing to find the necessary money, ana (ii) that the Ordnance 
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Survey was primarily made 'for military pur^dseei and that tfie latest map it has 
issued has been prepared for military reaso^. It has been carred out by men • 
,who were soldiers first and topographers after, and did not nooessarily possess 
geographical interests. ^ 

The ideal geogr^hical map, i^ith its accompanying geof.raphical memoir, 
can be produced only by those who have had a geographical triining. Dr. Mill, 
in the monograph already refeired to, has shown us how to prepare system- 
atised descriptions of the one-inch map sheets issued by the Ordnance Survey. 
The preparation of such monographs would seem to fall within, the province 
of the Ordnance Survey. If this is injpossib|;3, the American plan might bo 
adopted. There the .Geological Survey, which is £ilso a topographical one, is glad 
to obtain the services of professors and lecturers who are willing to undertake 
work in the field during vacations. It should not be difficult to arrange similar 
co-operation between the Universities and the Ordnance Survey in this country. 
At present the Schools of Geography at Oxford and at the London School of 
Economics are the only University departments which have paid attention to the 
preparation of such nioi^pgraphs, but other Universities will probably fail into 
line. Both the Universities and the Ordnance Survey would gain by such 
CO operation. The chief obstacle is the expense of publication. This might 
reasonably be made a charge on tho Ordmuice Survey, on condition th.it e.ich 
monograph published were approved by a small committee on whicli both the 
Universities and the Ordnance Sar\ejr were represented. „ 

The Geological Survey has in recent years issued better and cheaper 
one- inch maps, and more attention has been given to morphological conditions 
in the accompanying monographs; but it is necessary to protest against the 
very high prices which are now being asked for the older hand-coloured maps. 
The new quarter-inch map is a great improvement on the old one, but we want 
‘ drift * as well as * solid ’ editions of all the sheets. The geographer wants even 
more than these a map showing tho quality of the solid rock, and not merely 
its age. He has long been asking for a map which Would indicate the distribu- 
tion of clay, limestone, sandstone, &c.,'and when it is prepared on the quarter- 
inch, or better on the half -inch, scale the study of geomorphology and of geography 
will receive a very gfeat stimulus and assistance. 

The information which many other CJovernment depaitments are accumulating 
would also become much more valuable if it were discussed geographically. 
Much excellent geographical work is done by the Admirtilty and the War Office. 
The Meteorological Office collects statist* es of the weather conditions from a 
limited number of stations; but it.s work is supplernented by private societies 
which are not well enough off to discuss the observations they publishv0,h the 
detail which these observations deseii^e. The Board of Agriculture and fisheries 
has detailed statistical information as to crops and livestock for the geographer 
to work up. From the Board of Trade he would obtain industrial and commercial 
data, and from the Local Government Board vital and other demographic 
statistics. At present most of the information of these departments is only 
published in statistical tables. 

Statistics are all very well, but they are usually published in a tabular form, 
which is the least intelligible of all. Statistics should be mapped and not merely 
be set out in columns of figures. Many dull Blue Books would be more interesting 
and more widely used if their facts were propeily mapped. T %ay ^properly 
mapped because most examples of so-called statistical maps are merely crude 
diagrams and are often actually misleading. It requires a knowledge of geography 
in addition to an understanding of statistical methods to prepare intelligible 
statistical maps. Tf Mr. Bosse’s maps of the population of England and Wales 
in Bartholomew’s Survey Atlas are compared with the ordinary ones, the difference 
between a geographical map and a cartographic diagram will be easily appreciated. 

The coming census, and to a certain extent tho census of production, and 
probably the new land valuation, will give more valuable raw material for 
geographical treatment. If these are published merely in tabular form they 
will not, be studied by any but a few experts. Give a geographer with a proper 
staff the task of mapping them in a truly geographical way and they will be 
eagerly examined even by the man in the street, who cannot fail to learn from 
them. The representation of the true state of the country in a clear, graphic, 
and intelligible form is a patriotic piece of work which the Government should 
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undertake. It would add relatively little to the cost of the census and it would 
infinitely increase its value. 

The Need of Ihcognising the Geographical Factor in Imperial Problems, 

With such quantitative information geographically treated, and with a fuller 
analysis of the major natural regions, it ought to be possible to go a step further 
and to attempt to map the economic value of different regions at the present day. 
Such maps would necessarily be only approximations at first. Out of them might 
grow other maps prophetic of economic possibilities. Prophecy in the scientific 
sense is an iniporttiiit outcome of geographical as well as of other scientific research. 
The test of geographical laws as of others is the pragmatic one. Prophecy is 
commonly but unduly derided. Mendelyeff’s period law involved prophecies 
which have been splendidly verified. We no longer sneer at the weather prophet. 
Efficient action is based on knowledge of cause and consequence, and proves that 
a true forecast of the various factors has been made. Is it too much to look for- 
ward to the time when the geographical prospector, the geographer who can 
estimate potential geographiciU values, will be as commop as and more reliable than 
the mining prospector ? ' 

Tlie day will undoubtedly come when every Government will have its 
Geographical-Statistical department dealing with its own and other countries — 
an Information Bureau for the administration corresponding to the Department 
of Special Inquiries at the Board of Education. At present there is no geo- 
graphical staff to deal geographically with economic matters or with administra- 
tive matters. Yet the recognition of and proper estimation of the geographical 
factor is going to be more and more important as the uttermost ends of the 
Earth are bound together by visible steel lines and steel vessels or invisible 
impulses which require no artificial path or vessel as their vehicle. 

The development of geographical research along these lines in our owm country 
could give us an Intelligence Department of the kind, which is miu'h needed. 
'•If this were also done by oHier States within the Empire, an Imperial Intelligence 
Department would gradually develop. Thinking in continents, to borrow an apt 
phrase of Mr. Mackinder’s, might then become part of the necessary equipment 
of a statesman instead of merely an after-dinner aspiration. The country which 
first gives this training to its statesmen will have an immeasurable advantage 
in the struggle for existence. 

The Need for the Adequate Endowment of Geography at the Universities, 

Our universities will naturally be the places where the men fit to constitute 
such ai?- Intelligence Department will be trained. It is encouraging, therefore, to 
see that they are taking up a new attitude towards geogi\iphy, and that the Civil 
Service Commissioners, by making it a subject for the highest Civil Service 
examinations, are doing much to strengthen the hands of the universities. When 
the British Association last met in Sheffield geography was the most despised of 
school subjects, and it w»as quite unknown in the universities. It owed its first 
recognition as a subject of university status to the stimulus and generous finan- 
cial support of the Royal Geographical Society and the brilliant teaching of 
Mr. Mackinder at Oxford. Ten yearb ago Schools of Geography were struggling 
into existence at Oxford and Cambridge, under the auspices of the ^yiu 
Geograpnical Society. A single decade has seen the example c\f Oxford and 
Cambridge followed by nearly every university in Great Britain, the University 
of Shehleld among them. In Dr. Rudmosc Brown it has secured a scientifically 
trained traveller and explorer of exceptionally wide experience, who will 
doubtless build up a Department of Geography worthy of this great industrial 

capital. Tins difUevAty, liowevor, \n aW iimveraitieR ift io ftnA the inn As uecessaty 

for the endowment, equipment, and working expenses of a Geographical De- 
partment of the first rank. Such a department requires expensive instruments 
and apparatus, and, since the geographer has to take the whole World as his 
subject, it must spend largely on collecting, storing, and utilising raw material 
of the kind I have spoken of. Moreover, a professor of geography should have 
seen much of the World before he is appointed, and it ought to be an important 
pait of his professional duties to travel frequently and far. I have never been ^ 
able to settle to my own satisfaction the maximum income which a department 
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of geography might usefully spend, but I have had considerable experience of 
working a department the income of which was not very far above the 
iminimum. Until now the Oxford School of Geography has been obliged to 
content itself with three rooms and to make these suffice not merely for lecture- 
rooms and laboratories, but also for housing its large and valuable collection of 
maps and other materials. This collection is far beyond anything which any 
other university in this country possesses, but it shrinks into insignificance beside 
that of a rich and adequately supported Geographical Department like that 
of the University of Berlin. This fortunate department has an income of about 
6,000/. a year and an institute built specially for its requireihcnts at a cost of over 
150,000/., excluding the site. In Oxford we are most grateful to the generosity 
of Mr. Bailey, of Johannesburg, which will enable the School of Geography 
to add to its accommodation by renting for five years a private house, in which 
there will temporarily be room for our students and for our collections, especially 
those relating to the Geography of the Empire. But even then we can 
never hope to do what we might if we had a building specially designed for 
geographical teaching and research. Again, Lord Brassey and Mr. Douglas 
Freshficld. a former President of this Section, have each generously offered 5001. 
towards the endowment of a professorship if other support is forthcoming. All 
this is matter for congratulation, but I need hardly point out that a professor with 
only a precarious working income for his department is a person in a far from . 
enviable position. There is at present no permanent working income giian-nteed 
to any Geographical Department in the country, and so long as this is the case 
the work of all these departments will be hampered and the training of a succes- 
sion of competent men retarded. I do not think that I can conclude this brief 
address better than by appealing to those princes of industry who havejnade 
this great city of Sheffield what it is to provide for the Geographical Depart- 
ment of the University on a scale which shall make it at once a model and a 
stimulus to every other university in the country and to all benefactors of 
universities. 


The following Papers were then read : — 

1, The Origin of some of the more Characteristic Features of the Topography 
of Northern Nigeria, Dr. J. D. Falconer, M.A,^ F,R,G.8. 

The Protectorate of Northern Nigeria comprises an area of about 255,700 
square miles, the greater part of which lies between Lake Chad and .th;^ con- 
fluence of the Eivers Niger and Ben^e. The hydrographical centre of' the Pro- 
tectorate is the Bauchi plateau, which rises to a height of 4,000 to 5,000 feet above 
sea-level. The rivers belong to two great hydrographical systems, the Niger- 
Benue system and the Chad or desert system. The watersheds are lofty plains 
characterised by a matured topography, while the more prominent ranges of hills 
exert only a very secondary influence oh the drainage system. The rivers in their 
upper and middle courses flow over open plains whose surface is diversified by 
numerous isolated granite domes, turtlebacks, and groups of rounded hills (insel- 
berge). In their lower courses, on the other hand, they frequently flow in deep 
and trench-like valleys, bounded on either side by ranges of flat-toppad hills. 
These plateau-llkc masses and tabular and conical hills have invariably been 
carved out of horizontal sedimentary rocks, while the isolated domes and turtle- 
backs of the upper plains afford clear evidence of a crystalline &oor. 

The peculiar character of the river valleys is entirely due to the recent origin 
of the whole river-sysiem. It is believed that in late Tertiary times the surface 
of tbo Profoctorafo was for tbo most part reduced to low relief, and that the 
plains o£ Hausaland were continuous with the plains of Borgu and llorin acrosa 
the Niger valley. The ciystalline plains with their domes and inselberge, aa 
well as the sedimentary jdains with tfieir flat-topped and conical hills, are to 
be regarded as a final product of the suhaerial denudation of a land surface 
exposed to alternations of periods of erosion and periods of intense weathering of 
• the rocks in situ. Late Pliocene or early Pleistocene crustal movements brought 
about the irregular elevation of this levelled surface into elongated arches and 
troughs along axes which run approximately N.N.W.— S.S.E. aod W.S.W.— 
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E.N.E. The summits of the arches form the present watersheds, while the 
floors of the troughs are occupied by the present trunk streams. The effect of 
the interference of the two sets of arches, of their gradual and unequal elevation 
from point point, a,nii of the ^eo\o^\ca\ stTncime oi the conniry can he readily 

recognised in the principal rivor valleys. The intersection of Vhe two centxsX 
arches was marked, hy the differential elevation of the Bauchi plateau and the 
Nassarawa table-land and the lagging behind of the middle Benue valley. The 
valleys of the upper Benue and of the middle Gongola are more ancient than the 
Niger valley, and appear to be relics of an earlier hydrographical system. The 
presence of swampy and lacustrine conditions in Bornu dates from a period 
preceding the movement of elevation. Lake Chad, as we know it, owes its origin 
indirectly to its position in a trough between two axes of elevation, and more 
directly to the recent presence of arid conditions in the Sudan. 


2. The Exploration of Prince Charles Foreland, Spitshergen, during 1906, 
1907, and 1909. By William S. Bruce, LL.D., F.R.S.E. 

This communication was a result of explorations carried on by three Scottish 
expeditions during the summers of 1906, 1907, and 1909. A brief account having 
previously been given of the work during the first two years, an account of the 
third summer’s work was mainly dwelt upon. In 1906 Dr. Bruce was accom- 
panied by two assistants and was largely equipped by H.S.H. the Prince of 
Monaco, who also took the party from and back to Scotland on board his yacht 
Pnneesse AUre^ landing them on the noHh end of the east coast south of Point 
Carmichael. In 1907 Dr. Bruce chartered the steamer Vhmmx, which took his 
party of three and himself from Tromso to Prince Charles Foreland and landed 
them twelve miles from the south end of the west coast at north end of Edinburgh 
Isles. The party leturned from the Foreland in the walrus-sloop Johannes Bacht. 
In 1909 the trawler Conqueror, of Leith, was chartered, the fish-hold being con- 
verted into a cabin for officers and scientific staff, and the after-quarters and 
foc’s’Ie being reserved for petty officers and crew. There were nineteen all told, 
including the scientific staff of seven, besides Dr. Bruce. Ciiptain Napier was 
master of the ship, now transformed into the yacht Conqueror. The following 
are the scientific people who have accompanied Dr. Bruce : Mr. Ernest A. Miller, 
in 1906; Mr. J. Victor Burn Murdoch, F.G.S., and Mr. Stewart Ross, M.A., 
in 1907 ; and Mr. John Mathieson (H.M. Ordn&'nco Survey), Mr. R. N. Kudmose 
Brown, D.Sc., Mr. J. Victor Burn Murdoch, F.O.S., Mr. Harry Hannay, Mr. 
Ernest- -Miller, the late Mr. Angus Peach, B.Sc., and Mr. Alistair Geddes, in 
1909. Piper Gilbert Kerr, formerly piper^io the Scotia, accompanjed all three 
expeditions. 

The chief object of the cxperlition was to make a detailed map of Prince 
Charles Foreland. The map is a continuation of similar work carried on by the 
Prince of Monaco on the mainland of Spitsbergen and by Norwegians under his 
direction. The scale is 1 : 126,720 = 2 miles to an inch. The heights on the land 
are given in feet; the depths of the sea in fathoms. The island is about fifty- 
four miles long and from three to sevin and a half miles broad, having an average 
width of fWc miles; the area is about 262 square miles. An almost continuous 
mountain chain occupies the northern two-thirds of the island. .At the south end 
is a hilly portion, the ‘Ross Heights;* separated from the northern chain by 
an extensive low-lying part now called the ‘ Foreland Laichs.* The northern 
mountain chain is now named the * Northern Grampians,* and in its central part 
has hills rising to a height of over three thousand feet. The northernmost of these 
is Mount Monaco (3,800 feet) and the southernmost is Mount Jessie (3,300 feet). 
They are magnificent, precipitous, sharply peaked mountains with precipices and 
gullies to the west, while they are heavily glaciated to the east with* a large and 
almost continuous ice-sheet, which is fed from glaciers arising in the first place 
from the very summits and highest ridges. 

A considerable number of soundings were taken in Foul Sound, demonstrating 
a bar towards the northern end over which vessels drawing more than twelve or 
fifteen feet have difficulty in finding a passage. In the south end of Fool Sound * 
depths of considerably over a hundred fathoms were obtained, rapidly coming up 
to three or four fathoms near Ferrier Haven. 
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^olopcall^ tl» islmd is composed of hard graywackhs and schists, probably 
of the Hekla HMk senes; at the west end of Glen Mackenssic very coarse con- 
glomorates fonning the North and South Sutors occur with sandstone slabs re- 
Bembling Caithness flags further to the west along the shore. On the east coast, 
limgvng tihfi low land wYncVi snrronnds almosl tihe wVole Ivland Iot a mile ot mote 
\i\\a,rv^y ciiTO u© (owiv^ \»©TV'\a,T'y coivtAiViiiTig \A'a>T\t> vetiiuAi'iB. TVv w fth occut to 

the south of Point Carmichael and at Perrier Haven. 

The flora is similar to that of the mainland of Spitsbergen. t 

The fauna is also similar to the mainland, but Dr. Jlruce added a new record 
not only for the Foreland, but for European Arctic regions, in finding the adult 
and fledglings of the sanderling there. The capture of the aabine gull and the 
recording of great northern diver and razor-bill are also noteworthy. Much yet 
remains to be worked up regarding the micro- fauna. 

3. Plans for a Second Scottish National Antarctic Expedition, 1911. 

By William S. Bruce, LL.D., F.KS.E. 

It is hoped that this expedition will leave Scotland about May 1, 1®11, and 
roach Buenos Aires about June 20. From Buenos Aires a departure will be 
made about July 1, and a zig-zag course steered between 40^ and 50° for the 
purpose of broadly completing the bathymetrical survey of the So^uth Atlantic 
Ocean begun by the Scotia in 1902-04. Cape Town should be reached on 
September 1. At Cape Town the ship will coal and refit, and a course will 
be steered for the Sandwdeh Group, where it is hoped funds will allow another 
vessel to meet her, carrying equipment, coal, and fresh food from Buenos Aires. 
Further soundings will be made between Cape Town and Sandwn'cli Group, 
especially- to try and prove the hypothetical ‘Rise’ joining the Sandwich 
Group and Bouvet Island, as well as the ‘ Scotia Rise,’ discovered by the 
Scottish Expedition, 1904. From the Sandwich Group the expedition will steer 
for Coats Land or some place with suitable anchorage and landing in the 
vicinity of Coats Land. A party of ten or t.v’elvo persons will be landed here 
and a house erected. As there appeared to be no suitable landing-place along 
the 150 miles of Coats Land discovered by the Scottish Expedition in 1904, 
the expedition may have to go a little further west or east, possibly as far east 
as Cape Ann, Enderby Land. The ship will thereafter proceed to Melbourne 
by a route in as high a latitude as possible, taking soundings and carrying on 
deep-sea research, having as a special objective the determination of former 
continental connections. The ship will winter at Melbourne, carrying, oat such 
work as funds will allow and time ^will permit by means of one or more short 
cruiseis to the south. Co-operation ‘with Australian and Now Zealand Govern- 
ments and scientific societies in any special w^ork w'hich they would wish to 
have accomplished in these seas would be welcome^]. In the spring the ship 
will push southward to McMurdo Strait, Victoria Land, in order to send a sledge 
party southward with supplies for another party, which, under my leadership, 
will be crossing over the Antarctic Continent by way of the South Pole from 
Coats Land. The meeting of the trans-continental party and the relief pairty 
will likely be in the vicinity of the Beardmore Glacier. The combined parties 
will then return to the ship and sail for New Zealand. The Scottish Expedition 
will not make any special investigations in the region of McMurdo Strait, because 
since the publication of these plans in April 1908 and April 1909 Captain Scott 
has chosen this region as his special sphere of wmk. From New Zeiiland the 
ship will proceed across the Pacific Ocean to Magellan Straits or the Falklands, 
and carry on such oceanographical research as is possible in as high a southern 
latitude as the winter season will permit. In the spring the expedition will 
proceed southward in the Weddell Sea to relieve the wintering party, which will 
now have spent two years there. This party will devote special attention to 
the survey of the coastline of Antarctica both to the east and west of the 
station. Complete meteorological, magnetic, and other physical and biological 
outfit will be provided, and it is hoped that arrangements will be made to co- 
operate with Meteorological Stations at Scotia Bay, South Georgia, Cape Pem^ 
broke, and elsewhere. The total cost of the expedition will be about 60,0001. 
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4. Thm Voyage of the * Nimrod* from Sydney to Monte Video^ 
May 8 to July 7, 1909. ’By j. K. Davis. 


Acting under instructions from Sir E. Shackleton an attempt was to be made 
to locate the positions of some charted islands marked 'doubtful;,/ viz. : (1) Royal 
Companjf Islands^ (2) Emerald Island^ (3) Nimrod Islands, and (4) Dougherty 
Island. In the event of being able to find any of these ' doubtful ’ islands, we 
were to^land (if possible), obtain their precise positions and main features, &c. 

' In the event of no land being visible at or near the charted position, deep-sea 
'Sonn<^ing8 were to be taken and vicinity searched. 

Meteorological observations were to be taken at intervals of two hours during 
the voyagfi, and these are of some interest, as ships do not usually traverse these 
latitudes in ^e months of May and June. 

Wb visited Macquarie Island, and obtained numerous specimens (skins, skele- 

l^««aution8 taken to socnire To\\a\Ae 

and *Jongltude during the voyage, and the weather conditions, currents, sound 

jngs, & 0 ,, were discussed. 

Narrative of the voyage ; — 


May S. Sailed irom Sydney. 

May ’IB, Sailed over charted position oi Royal Company Islands. No land 
visible. 

May 26. Anchored of! Macquarie Island. What we found on the island. 
May 30. Left Macquarie Island. 

June 9. Search for Nimrod Islands. 

June 17. Search for Dougherty Island. Ico met with. 

June 27. Sighted Diego Ramirez Island at a distance of 14 miles. 

July 7. Arrived at Monte Video. 

Results of the voyage and reports furnished by navigators since the islands 
were first charted were considered. , 


FBI DAY, SEPTEMBER 2. 

Joint Meeting with Section G. 

The following Papers were read : — 

1. The Geology of Sheffield. By Cosmo Johns. 


2. The Metallurgical Industries i'l relation to the Rocks of the District. 
By A. McWilliam, A.R.S.M., M.Met. 

Sheffield is situated on the outcrop of the Goal Measures, which consist of 
alternating sandstones and shales, with beds of coal, clay ironstone, and fireclay. 
The district was in ancient times thickly wooded, affording supplies of the then 
principal metallurgical fuel, charcoal. The raw fuel of to-day is coal, and the 
enormous influence of this source of practically all our power, high temperatures, 
reducing agent, and artificial light is so obvious that it need only be mentioned. 
Different l^ds of this coal are suitable for making into the various kinds of 
coke required for crucible, cupola, and blast-furnace work. There is coal that 
is suitable for steam-raising and for making into producer gas for use in the 
great open-hearth and other gas-fired furnaces, and there is even a bed that fulfils 
the very exacting needs of the old cementation furnace. With regard to coal 
the most striking development since the last visit of the Association is the estab- 
lishment of a line of collieries down the outcrop of the Permian rocks to the east, 
yrhere l^e iveU-known beds of coal were found at reasonable depths. Recent 
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developments even within the last two or three years have made the district one o^ 
the idchest in the kingdom with regard to coal supply. The clay ironstone, ferrous ' 
carbonate with clay, yields an excellent pig iron, containing about 0'6 per cent, 
phosphorus, and suitable for making into castings and for the manufacture of the 
best qualities of wrought iron for use as such. This ore is the source of ^ famous 
Yorkshire iron, still made near Ijeeds, though in diminishing quantities, ^he great 
bulk of the ironstone now used is the cheaper variety from Northampton, Leicester, 
md Lincoln, and consists of brown iron ore, hydrated ferric oxide, yieldinjg pig 
irons containing about H per cent, of phosphorus. These are suitable for maimfac- * 
turing cast-iron castings and ordinary wrought iron and for making into basic 
steel, the refractory dolomite necessary for lining the vessel o« making the hearth 
in which the steel is made being procured from the magnesian li^ieetone to the 
east. These pig irons are not suitable for making into the highe;^ qualities of 
Sheffield's special steels, so hematite pig-irons, from the hematite ores of Lanca- 
ahwe, Civm\)QeT\aivd., and are itn^^xVied tor ma\dn^ \v\\.o an\d \\eaaen\et 

aevd \kva\» \wwda \w \sat\ vadd- wc «« 

Vvei'o.vWv, ^Tv<\ vwtv WvwR vi\ viowXivvA. NvfvWv n,cv<\ 

quaViiles oi Swediati wrought irons are also imported for making into cutlery, 
edge tools, general cutting tools for engineers, &c. As refractory materials . for 
these processes, and even for the roofs of the basic furnaces, much acid material 
of great purity is required. Some of the Coal Measure sandstones consist of 
particles of quartz that have been cemented by silica, so that the whole rock very 
often consists of 98 per cent. SiOj. This rock, called ganister, is mined round 
Oughtibridge and made into refractory silica bricks for withstanding the highest 
furnace temperatures. A similar firestone is used for building the walls between 
the crucible holes and for other purposes, and ground ganister, mixed with a little 
fireclay and water, is rammed round wooden moulds to form the crucible melting 
holes and' also the linings of Bessemer convertors. Fireclay is also abundant, 
providing the firebricks used for the less highly tried portions of the furnaces. 
Some of the carboniferous sandstones yield splendid grindstones, and building 
stones are abundant and at high levels, whilst there arc de^iosits that are of the 
composition necessary for making ordinary bricks without any additions. The 
inexhaustible Derbyshire limestone is available as a flux, and the fact that 
lead mining in the mountain limestone was once a great industry has an 
important bearing on the manufacture of basic stool, for the groat heaps of 
gangue left by the miners are being worked over for fluorspar, which is used to 
help in desulphurising the iiictat. Barytes is won at the same time, and though 
mainly used as the most permanent white basis of photographic papers and for 
mixing with wdiitc lead, some of it may be converted into BaClj, which ' ■ brought 
to high temperatures by electrical* means for heating high-speed steels for 
hardening purposes. The millstone grit, once so famous for its use as i^illstones 
for grinding corn and for erecting buildings to last for aye, is now superseded, for 
the former by iron rolls, and as it is too hard to work for present-day building 
requirements, it is mainly left to look grim and grand in the scenery, though 
recently it has been much used in building the new great dams and helping to add 
the only feature our beautiful district lacked, extensive sheets of water. Ganister 
has been mentioned, a sandstone in which the particles of quartz are cemented by 
quartz. To the east of Sheffield, in the Upper Permian and perhaps Lower Triassic 
beds, as, for example, near Worksop, there are extensive deposits of a neural red 
moulding-santf of the best quality, in which each rounded particle of quartz is 
roughened by a coaling of reddish brown oxide of iron, and the whole deposit 
contains the right admixture of clay to give the necessary compromise between 
binding quality on the one hand and porosity on the other required in a moulding 
sand fop general foundry-work. 

Sheffield is therefore situated in the midst of an abundance of flux for dealing 
with impurities, of fuel for power and for attaining the high temperatures required 
in the manufacture of iron and steel, and of the best of refractory materials for 
withstanding these high temperatures; and when materials at hand do not 
satisfy the severe requirements of the special trades others are freely imported, 
as in the case of hematite pig-irons and Swedish and other wrought irons for 
making into the highest qualities of special steels. 


1910. 
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3. The Huniber during the Human Period. By T. Sheppard, F.G.S. 

Mr. Sheppard has made a collection of the various published and manuscript 
charts and maps of East Yorkshire dating from the time of Henry VIII. to date. 
A ^eat nun>ber of these are of particular interest, as they illustrate the extra- 
ordinary cjianges that have taken place in the south-east comer of Yorkshire. 
Probably no district in the British Islands illustrates so well recent geographical 
changes as does South-east Yorkshire. 

Between Bridlington and Spurn Point, a distance of some thirty miles, the 
land has been worn away at a rate varying from a few feet to over twenty feet 
per annum. Careful measurements show that an average of seven feet per annum 
has been washed away along this coast line. This estimate is confirmed by 
historical data« Entire villages have been swept away; in recent years great 
areas of land have been swamped ; whilst, on the other hand, meres and marshes 
in Holdernoss have been artificially drained and are now dry land. 

Spurn Point is the only part of the Holderness coast that has grown, and 
measurem^ts of this are given showing its progress from 1428. It was also 
pointed out that at different periods in its history the tongue of sand had been 
severed and islands were foniied. Upon some of these the author suggested the 
towns of Uavenscr and Ravenser Odd existed in mediECval times but have now 
disappeared. After dealing with the lost villages and towns of the coast and 
the Humber the author described in detail the growth of new land within the 
estuary, paKicularly at Sunk Island, Beads Island, and Broomfleet Island. 
Photographs of the various charts were thrown upon the screen, some of which 
were exceedingly scarce or had been previously entirely unknown. One of them, 
cirra Henry VIII., showed an island to the east of iSpurii Point. 

The following plans were exhibited in illustration of the paper : MS., Ump. 
Henry VIJI. ; Speed, 1610; Dutch map, early seventeenth century; Blome, early 
seventeenth century; Collins, 1684; Morden, 1722; Moll, 1724; Chart, 1725; 
Scott, 1734; Bowen, 1750; Jeffreys, 1772; Kitchen, 1774; Tuke, 1786; Cary, 1805; 
Directory, 3838; Boyle, 3889. 

An interesting series of plans and views of Hull illustrated in the way in which 
that town was encroaching upon the Humber estuary. 

4. Matavanu, a New Volcano in Savaii (German Samoa). 

By Tempest Anderson, Af.D., D.Sc., F.G.S. 

Though not the scat of government, Savaii is the largest of the Samoan 
Islands ip..the Central Pacific Ocean. It has a backbone of volcanic mountains, 
some of which rise to a height of over 4,(X)(i. feet; most of them arc extinct or 
dormant, but there have been several small eruptions within the last t^o hundred 
years, anfl ore as lately as 3902. 

The volcano of Mahivanu was formed in 1905 to the north of the main ridge, 
and near the centre of the island. The early part of the eruption was character- 
ised by explosions, and the ejecta were mainly solid, but later on an enormous 
quantity of very Iluid basic lava has been discharged. This has flowed by a 
sinuous course of about ten miles into the se«i, devastated some of the most 
fertile land in the island, and c'overed it up with lava fields probably not less 
than twoftty square miles in area. 

The crater contains a lake, or rather river, of molten lava sd fluid that it 
rises in incandescent fountains, l)eai8 in waves on the walls, and rushes with 
great velocity down into a gulf or tunnel at one end of the crater. The lava, 
still liquid, runs into a passage, op perhaps system of passages, under the surface 
of the lava field, its course being traceable by a line of large fumaroles, till, 
still in a fluid condition, it reaches the sea, into which it flows with energetic 
explosions and the discharge of large volumes of steam, black sand, and frag- 
ments of lava. Where the action is less violent a structure resembling that of 
Cfome varieties of pillow lava is produced. 

Photographs were shown on the screen illustrating the crater, the lava fields, 
with their subsidences and tunnels, the explosions, as well as others which 
enabled a comparison to be made between the devastated and untouched parts 
qf the island. 

See Q. J. Geol.^ November 1910; Nature^ November 17, 1910. 
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5. Present Trias Conditions in Australia, By Rev. E. 0. Spicer, 

M,A., F.G,S, 

Tri'issic conditions in England resulted in (1) the i«agged outline of the peaks 
visible above the ‘buried landscape* of Charnwood Forest which were thus 
modified during their exposure in Trias times; (2) the formation of the ‘ Ihuiter 
pebble bed ’ ; (3) the thick deposits of wind-bedded Trias sandstones ; (4) the 
Keuper marls; (5) the salt deposits; (6) the poor fauna and flora; (7) footprints 
and burst viscid bubbles (‘raindrops*). 

Flinders Range in >^outh Australia is modified into rounded outlines in the 
south, where there is a fair amount of regular rain.^all. Iji the northern part 
of the range, beyond the influence of the southern cyclonic system, the range 
becomes (1) jagged in character. 

(2) During some years there is no rain at all. When a drought breaks up 
there is usually a ‘ deluge * of two or three inches, sometimes faUing in twenty- 
four hours, accompanied by heavy thunder. The only outlet from the range-mass 
is through gorges five miles apart opening on to the Great Western Plain. A great 
wall of water rushes furiously through these gorges, pushing a mass of hovlders 
and gravel bodily downwards, gradmUly wearing the hard materials down and 
spreading them in great sheets oyer the plain. 

(3) In the long dry summers and in drought seasons the Great Western Plain is 
covered by a mass of moving mnd^ driven in great clouds by the rare high winjs 
and constantly drifting over the plain. 

(4) Around Lake 'Forrens and inland the surface is more compact and of a 
marly character. 

(5) Lake Torrens is flooded during the rain-storm periods. As the lake water 
evaporates the marshy border dries up, and there ai'e great areas of coarsely 
crystallised 'salt. 

(6) The plain below Flinders Range is almost destitute of life, with the 
exception of a few birds and reptiles. All the animals that cannot escape to 
trees are drowned when the floods occur. 

(7) The drying muds ivccive the impression of emu trar.ks; tho drifting s:inds 
blow over these and preserve them, while the decaying drifted vegetation pro. 
duces gas bubbles in the viscid mud, which is also covered by drifting sand. 

Thus tho northern part of the Flinders Range area and the Great Western 
Plain region extending to Lake Torrens reproduce Trias (xmditions at the present 
time. 

The following Paper was read in Section E : — 

Notes on a Journey through South America from Bogota to Mandos via 
the River Uauj)Ss. By Hamilton Rice, B.A., M.D. * 

The author spoke of the march from Rogota to Villa viccncio by passage of the 
Andes and across the ‘llanos * to San Martin, the cattle centre of S.E. Columbia 
and last outpost of municipal control. 

The ‘ tierra caliente * and beginning of the densely forested Amazonian area 
marked by tho watershed of the Meta and Guaviare rivers, big western tributaries 
of^ the Orinoco, just to the south of which region the sources of thp TTaupes 
originate. 

The ri^er*s extent and geological character of the cx>untry through which it 
flows. — In the western portion the rock masses and hills are of lacolithic structure, 
as evidenced by their scoriaceous and pyroclastic appearance, which attests a very 
rapid cooling from the original frothy and viscid condition. In the eastern part 
of its course the rocks forming its rapids and composing the discrete dome shaped 
and sugar-loaf forms of hills are granitic in character, and the river banks are 
formed of coarse or fine sand instesi^ of the soft unctuous-like mottled-clay found 
everywhere above. 

From any eyrie where far-reaching areas may be discerned the terrain presents 
a surface of undulating or crumpled unevenness, suggestive of a process of uplift 
having ensued in conjunction with, or as complementary to, the violent volcanic 
cataclysms of a former period. 

The aborigines, or so-called Indians, inhabiting its banks, of Tupi-Guarani 

P U 3 
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stock. ‘ Mansos * or peaceable tribes, and ‘ bravos * or wild onea. Cnbbeos, 
Quenanas, ' Tarianos, and Tucanos, the four tribes of the main river. Some 
anthropological and ethnological considerations of the respective tribes. Diversity 
of size and characterised by types varying from Caucasian to Mongoloid. 

A religion in which a single »Siipreme Being is worshipped and invested with 
all the awe-inspiring and terrifying attributes thfit such a conception would seem 
most likely to engender in the thoughts of a people whose mentality could not 
fail to be influenced by the CATiness and mystery of the stupendous forest, with 
its hideous and repulsive serpents and deep gloom, the terrific thunderstorms 
the country is subject to, and the river, treacherous of navigation and full of 
roaring foaming rapids, such an environment as would, through fear, inspire 
morbid emotion and superstition. No belief of. a future existence. To pay 
homage to or appease the anger of this Being consists of a ritual of extraordinary 
and weird rites, but the ceremonies degenerate into orgies of eachire drinking 
and insensate revelry, and they seem to have lost their power of appeal to the 
psychical side of the people. 

Live under primitive communal conditions, existing by hunting, fishing, and 
practising agriculture to a limited extent. All practice monogamy except the 
chiefs or tuchanas, whose rule is absolnte and hereditary in the male line. 

Diseases. — ^The people’s immunity from certain forms and marked suscepti- 
bilitv to others. 

• The * caiAihoris * or traders and the rubber industry as carried on in this 
region. 

Data from wlii(;h the map of the river was made. 


• MON PAY, S^EPTKMBElf 5. 

The following Papers and Report were road : — 

1. Cotton Growinq tvithin the British Empire. 

By J. Howard Keed, F,7i.G,S, 

The cotton industry of Lancashire, which ranks next to agriculture in import- 
ance, employs close upon 500.(XX) workers and gives sustenance to several millions 
of people, depends entirely upon an ample suppfy of raw cotton-fibre, imported 
from thousands of miles across the seas, not one ounce of which can be grown 
at home, r-;* shortage in the supply of raw cotton during recent years has caused 
not a little trouble and distress, and threatcftis more serious disturbfynce in the 
future. The shorlago of coUon has been brought about by the greatly increased 
demands for raw fibre by the mills of Europe, and more especially by the vast 
development in the manufacture of cotton goods in the United States. Though 
tlie quantity of raw cotton used in Lancashire to-day is only a trifle more than 
was the case twenty years ago, during the same period the weight of fibre used 
on the Continent has very nearly doubled, and the total is now more than twice 
that of the British figure. The demand of the American mills has increased 
at an oven greater -rate than has that of Europe, and is now nearly double the 
British deiiiand and nearly equal to that of the whole of the Continental countries. 

\ear by year we are gradually approaching a very serious crisis, as the 
shortage of cotton is regular and progressive, and unless supplies of raw fibre 
are obtained from other fields than those of America the Lancashire industry will 
not only gradually languish and decay, but will completely perish. For this 
reason it has become all-important that the industry of cotton growing in 
British colonies should^ bo fostered and developed, and if the effort is not 
abundantly successful within a few years the great staple trade of Lancashire is 
doomed. This is a sweeping statement, but it is none the less true, although the 
people most interested even now do not seem fully to realise the position. For 
several years the British Cotton Growing Association have energetically devoted 
themselves to the solution of the problem, with some measure of success, although 
they have been tardily and inadequately supported with the financial aid which 
the great work pccds. The countries pf Eg^pt and Ipdia up to now have bepn 
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the only substantial sources of supply which have supplemented the production 
of the American cotton-fields. Some measure of increase may be exp<{cted from 
these districts, but such expansion will be wholly inadequate to meet the 
increasing demands of the world. It is well known that, generally speaking, all 
countries within forty degrees north and south of the Equator aro climatically 
capable of growing cotton, provided the soil is of average fertility and the rain- 
fall sufficient. It will be at once seen that such a cotton-growing zone embraces 
the whole of the British colonics except Canada, Tasmania, and a portion of New 
Zealand. Consequently there should be no physical or geographical difficulty in 
obtaining ample supplies of cotton within the British Empire, provided the neces- 
sary stimulus, financial and otherwise, is applied. The inland colonies of Cyprus, 
Malta, Mauritius, ISeychelles, and Fiji, and portions of Australia, British Borneo^ 
and the East Indian colonies each and all produce native cotton, and such pro- 
duction can doubtless be considerably increased and rendered available for 
export. In the West Indies the efforts of the British Cotton Growing Associa- 
tion have already succeeded in re-establishing tho industry of cotton-growing, 
with much promise of success. The African colonics, more especially Uganda, 
Nyasaland, and Lagos, have conclusively shown that the ‘Darlc Continent* is 
destined to provide a very large share of the cotton fibre which is so essential 
for the commercial prosperity of the mother country and for the salvation of the 
great Lancashire industry. So far for the seven years during which the cotton- 
growing effort has been pushed and stimulated considerable success has been 
achieved, but what has been done only makes it clear that tho efforts need to be 
continued with increasing energy. The increased production of cotton, due to 
the efforts of the British Cotton Growing Association, has been progressive from 
year to year, but tho needs are so enormous and the work so colossal that 
the increased supplies obtained during seven years only reach about one-thirtieth 
of Lancashire’s average yearly demand. Levotion, energy, persistence, and 
increased financial aid are urgently needed from all sources, whether they be 
private, commercial, or Governmental. 


2. The Region of Lakes Albert and Edward and the Mountains of Ruwenzori. 
By Major R. G. T. Bright, CM.G, 

The country described lies to^thc south-east of Lake Edward and close to the 
Uganda-German East Africa frorAier. The name Albert Edward for Lake Edwaid 
used tc cause confusion between it and Lake Albert. There was a also a large 
arm of Lake Edward which had no native name. Last year Kii^g" Edward 
approved o^ Iiake Albert Edward being known as Lake Edward and its north- 
easterly arm being named George after the Prince of Wales. Travellers and 
Government officials had at various times visited tho greater portion of tho 
country we passed through. Lake Edward occupies a depression from 1,(XX) to 
2,(X)C) feet below the plateau and is 3,(X)0 feet above sea-level. At the southern 
end is a fiat plain with a few acacia thorn and euphorbia trees dotted over it. 
Hundreds of antelope ro;im over the {dain. The few inhabitants (Bakonjo) live 
close to or even on the waters of the lake, passing a curious existence and 
dwelling on rafts. The water is brackish and un[)alatable. Near thc^northern 
shore is a group of small islands, one of which is densely populated. There is 
no room for cultivation, so its inhabitants live on fish and foodstuffs purchased 
from the natives on the mainland. 

Kazinga Channel is a narrow strip of water from one-quarter to threo- 
(]^uarters of a mile in width. It connects Lake Edward and Lake George, which 
he in open country. Its shores are swampy, especially where it is entered by 
the River Mubuku. Tho sw^amp on the north-east of the lake was generally 
full of elephant, and a large herd of buffalo roamed with them. 

The Katwe salt lake is worked by the natives. The salt is prepared and 
then made up into loads wrapped round with banana leaves. In this form it is 
carried by men to the various native markets; it js not, however, fit for 
European consumption. The river Semliki flows out of the north end of Lake 
Edward along a broad shallow valley through the eastern extremity of the great 
Etuli forest of Equatorial Africa. The forest is often of the greatest density, 
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though not always tropical in character. It is dismal in the extreme and swarms 
with stinging ants and insects. The Semliki valley becomes an open graas plain 
near Lako Albert. 

The huge ridgo of Ruwcnzori lies between the River Semliki and the plateau 
north of the Edward depression. It is some seventy miles in length and about 
thirty miles across in its widest part. Above the forest area, a little over 
14,0()0 feet, aie bare rocks, ice, and snow. Sti'cams descend from the glaciers 
through deeply scoured valleys on the east and west. Some small Is&es lie 
below the snow regions. The snow peaks of Ruwenzori are situated in an area 
of about fifty-five square miles in the central part of the mountains. They 
consist of three main groups, that reaching the greatest height being on the 
west. Peak Margherita, the summit of the range, is 16,794 feet in altitude. 
The snow line in the valleys comes as low as about 13,200 feet. It is but a few 
miles north of the equator. 

Lake Albert bears a strong general resemblance to Lake Edward. Their 
widths are much the same, some thirty miles across, though the former is about 
1(K) miles in length — double that of Ltike Edward. The mountains on the west 
of the lake rise to an altitude of 7,000 feet and over, and in places fall sheer into 
the water, while on the opposite side is a similar escarpment which runs close 
to the lake. At the northern end this line of hills diverges eastwards, leaving 
a broad scrub-covered plain. Native market-places have been established at the 
Government stations, and there every morning a brisk trade is carried on in food> 
stuffs, &c. 

There is iron ore in the highlands, which is smelted for the making of weapons 
and agricultural implements. An extraordinary absence of animal life is notice- 
able in the mountains; except in certain parts, which are visited by elephants in 
the wet seasons, the country is destitute of wild animals and birds. The low- 
lands, however, are rich in game. The lako swarms with hippopotamuses and 
crocodiles, more especially at the mouths of the small streams. 

In the narrow strip of country between the Congo-Nile watershed and Lake 
Albert the inhabitants differ widely. Korovi appears to be the meeting-point 
of the Bantu and Nilotic peoples. The Balegga and Bavira are of Bantu origin 
and are closely allied. Northwards of Korovi the country ip inhabited by the 
Lendu, a finer and a darker tribe than either the Balegga or Bavira. The Lendu 
are warlike and treacherous, and we had several men killed whilst in their 
country. The native kingdom of Ankoli, one of the three kingships in the neigh- 
bourhood of the lakes, may bo said to stretch so^far westwards as the shores of 
Lake Edward. Its population can be roughly classified as the Bahima, the 
aristocracy and the Baero, the cultivcators and serfs. In Bimyoro, on the west 
of Lake Albert, the natives have a custom c-f extracting the four lower front 
teeth, which causes the upper teeth to grow forward. The Baamba five in the 
forest country on the west of Ruwenzori. Their villages are built on the tops 
of ridges, and a stout wooden stockade encircles them. The Baamba fear the 
pigmies; these little people neither cultivate the land nor do any cultivation. 
They do not even built huts. They prey on the crops of their larger neighbours, 
and in return do them service when fighting and hunting. The Batwa or Bambutu 
dwell in the forest on both sides of the Rive? Semliki. They are pigmies, standing 
about four feet high. Though there are several different kinds of pigmies, they 
appear to have no tribal organisation. ,, 


3. Report on the Geodetie Arc in Africa . — ^See Reports, p. 75. 


4. Through the Heart of Asia from India to Siberia. 

By Lieutenant P. T. Etherton, F.R.G.S. 

The expedition from India through Gilgit, Hunza, across the Pamirs, and 
thence through Chinese Turkistan, Mongolia, and Siberia to the Trans-Siberian 
Railway was undertaken by Lieutenant Etherton, Indian Army, for the purpose 
of big-game shooting and the study of the larger fauna of Central Asia and 
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Mongolia. The distance covered totalled nearly four thousand miles, and lay 
over routes which to a great extent had never previously been traversed. The 
only persons who completed the whole of the journey were Lieutenant Etherton 
and his native orderly, a Garhwali from the Himalayas, the caravan men and 
followers being changed from time to time. The average strength of the caravan 
was ten men, but tliis was varied to moct circumstances. Lieutenant Etherton 
left Lansdowne in the Himalayas in March 19U9 and travelled vid Kashmir, the 
Gilgit Valley, and Hunza to the Pamirs, meeting with great difficulties on the 
way, owing to the road being blocked by snow and huge avalanches. On the 
Pamirs the expedition remained one month, camp being at an elevation of from 
14,000 to 15,000 feet above sea-level. From the Pamirs Lieutenant Etherton 
proceeded by the Hi Su Pass (16,750 feet) to the little-known Yarkand River, and 
thence crossed into the Kulan Urgu Valley by a pass (17,400 feet) which had 
never previously been crossed by a white man. Here the expedition met with 
numerous difficulties owing to the mountainous nature of the country, one of the 
yaks being lost down a precipitous slope, falling over 1,500 feet. After that the 
greatest difficulty was experienced in crossing fords in the Kulan Urgu valley. 
Lieutenant Etherton arrived there in June, when the water is at its highest from 
che melting snow. The fords are extremely dangerous, yet twenty-six of them 
were crossed in one day. From the Kulan Urgu valley the expedition crossed 
by two high passes into the valley of the Asgar Sai, and down this to Yarkand, 
where it arrived in the middle of June after many adventure". Thence the 
journey was continued onward through Chinese Turkistan for several hundreds 
of miles to the Tian Shan Mountains, the central portion of the mountain 
system of Asia. Here three months were passed, during which Lieutenant 
Etherton visited and traversed the Great Yulduz valley, about which compara- 
tively little is known since the Russian explorer Prejevalsky travelled through a 
part of it in 1873. In tho Tian Shan the expedition was in the midst of the ibex 
and the Asiatic wapiti country, and some fine specimens of the latter were bagged. 
Thence the expedition crossed into tho Hi valley and on to Kulja, a town of 
much political importance. From here Lieutenant Etherton struck through the 
Sairnm Nor and Ebi Nor country and the mountains beyond to Chuguchak, a 
town in Western Mongolia. In this stage of the march difficulties were number- 
less, for the region is practically unknown, the people lawless, while the climate 
at this season (November and December) is noted for its severity. It was in 
the countiy bordering on that vast inland sea, the Ebi Nor, that the traveller 
first saw wild horses. He passed around the Kesil Jliich Nor, in Mongolia, another 
inland sea. The expedition encountered strange nomad tribes of Kalmuks, 
Kazaks, Kirghiz, and Mongols, concerning whom many intcresti’^?. .notes were 
gathered The expedition reached the foot of the Great Altai Mountains on tho 
northern side of the Black Irtish valley at the end of December, with the thermo- 
meter at —35° and the whole country ice-bound. The Altai form the principal 
range in this part of Asia, their composition consisting largely of argillaceous 
schists, with granite in tho higher parts, and alluvium and diluvium lower 
down. In this extensive chain is found a great variety of the larger fauna, 
including Ovis Ammon, the true Argali of tho great Argali sheep of Central 
Asia, as well as the Altai wapiti, red bear of a species peculiar to the Altai, roe 
deer, and other animals. While in the Altai the expedition was^caught in a 
blizzazd, and practically the entire caravan was frost-bitten, including Lieutenant 
Etherton and his orderly. Thence ensued twelve fearful days of trekking to 
a small military post on the Siberian-Mongolian frontier, where medical assistance 
was available. Tho expedition arrived here on January 9, 1910, and a month 
later contim^d the journey for eight hundred miles through Siberia to the Trans- 
Siberian Railway, mostly by sledge. Lieutenant Etherton’s trophies included 
ibex, the rare Asiatic wapiti stag, roe deer, Ovis Karelini, Ac. He reached 
England in March 1910. 
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TUESDAY, SEPTEMBER 6. 

The following Papers were read : — 

1. A New Globe Map of the World and a New Equal-scale Atlas, 

By W. Wilson. 

The use of the globe as an aid in teaching geography has largely disappeared 
owing to the high cost and cumbrous nature of the globes employed. The author 
overcomes this difficulty by mounting a special globe map on thin cardboard and 
cutting out the gores. The two ends of the map are joined at the equator by a 
clip; a spindle is introduced, and the tips of the gores are passed down over the 
ends of tho spindle by means of holes punched at the ends of each gore where 
the poles would bo, a metal clip at each end holding the tips in position and 
serving as a convenient means of handling the globe. The result is an instrument 
which can bo used effectively in place of an ordintiry globe. It can be made up 
or dismantled in a few seconds, studied as a flat map or as a globe, and packs 
readily, taking up no more space than an ordinary school book. 

Several novelties have been introduced with a view to giving beginners a firm 
mental grasp of the world as a globe. The tropic and polar circles are deferred 
for later consideration. The world from the equator, 0°, to tho pole, 90°, is 
divided into three belts of 30° each : a tropical belt, from 0° to 30° ; a temperate, 
or rather intermediate belt, 30° to 60°; and a polar belt, or rather cap, extending 
from 60° to 90°. These form the primary divisions of latitude, and are indicated 
by heavier lines, preferably printed in colour. Tho series is easily remembered, 
0°, .30°, 60°, 90°, and works in effectively with tho valuo of a degree of longitude 
at each latitude : — 

At 0°, 60 geog. miles. 

At 30°, 52 
At 60°, 30 

Those are readily rememljored, and form a foundation for any further details 
regarding latitudes. Tho primary belts arc subdivided for later teaching, each 
into three belts of 10°, with distinguishing names. * 

Tho longitudes are divided primarily into eight groups of 45° each, a group 
forming a gore. Each group of 45° is subdivided into three groups of 15° — one 
hour each, throe hours to each gore. These have been found in practice the best 
working divisions of longitudes and are easily remembered. A few exercises will 
give tho beginner a firm grta^p of latitudes and longitudes, distances, and areas. 

Hy thes«c:'rimary divisions the world is divided into forty-eight sections, each 
45° E. and W. and 30° N. .and S. Each section is treated as a straight-sidld figure, 
so converting the glolxs into a polyhedron of forty-eight facets. All sections or 
facets in tho north tropical belt are exactly alike. Tho sections in the south 
tropical belt are of the same figure, only inverted, making sixteen in all. The 
intermediate belt sections are narrower, east to west, than the tropical sections, 
but every section of the two belts is the Siamc as every other section. 

The polar belt, or rather cap, is a series of triangles which are more effectively 
dealt with when grouped two- or more tog* thcr, but each section is kept distinct. 
By this arrangement there are only three differing figures in the polyhedron, and 
each is characteristic of its belt. The error or distortion in each secticfii is strictly 
limited, and once effectively demonstrated for any one of the three figures is 
immediately applicable to tho remaining fifteen. The sections can be enlarged to 
any extent, forming an atlas on a simple equal scale that is readily grasped and is 
suited for many purposes besides elementary geography. A sot of ‘window' 
diagrams, each one combining a section of one belt on this plan and the same area 
as shown on Morcator, makes an instructive demonstration of the exaggeration 
necessaiy to Mercator, which is not usually cFearly understood. 



TRANSACTIONS OP SECTION E. 661 

2. The Andover Region : the Geographical Aspect of Us Present Conditions, 
By 0. G. S. Crawford. 

Introduction, — ^Reason for choice of title; the two points of view; evolution 
in time and distribution in space ; a proposal to reconcile them. 

1. Physical Features. — (a) Land forms; (6) drainage system; both the result 
of geological structure. 

2. Natural Vegetation. — ^Gradual replacement by artificial vegetation ; survivals 
of the old order; to grasp the significance of any epoch, past or present, the 
precise limits of forest, cultivation, and waste must be known and visualised. 

3. Industries. — Outcome of the geology and vegetation; (a) agriculture, or 
artificial vegetation; (h) livestock; (c) building materials; (d) road materials. 

4. Settlements. — Their distribution determined by need of sustenance for man 
and beast. 

5. Communications. — Character directly iniluenced by physical features and 
vegetation. 

Comlusion. — The reaction of man upon his natural surroundings. 


3, A Regional Survey of Edinburgh — Sheet 32. By James Cossar. 

The region represented on Sheet 32 of the one-inch map of the Ordnance 
Survey of Scotland embraces practically the whole of Midlothian, about two< 
thirds of the county of Linlithgow, sind about seventeen square miles of Fife. 
The most important physical feature is the range of the Pentland Hills, which 
rises a few miles to the sguth-west of Edinburgh, extends across the region for a 
distance of twelve miles into the adjoining county of Lanark, whero it is cut off 
from the southern uplands by the valley of the Clyde. Besides exerting an impor- 
tant influence upon the climate, the vegetation, and industrial activities of the 
region, the Fentlands divide the low-lying area into two well-marked districts : to 
the east there extends a gently undulating plain, rising from the coast and only 
reaching an elevation of 500 feet at a distance of eight miles from the sea, 
traversed by the well- wooded and picturesque gorge of the River Esk, and 
gradually becoming merged in the lower slopes of the Pcntlands and the Moorfoot 
Hills ; to the north and north-west another plain, greater in extent but diversified 
by a number of hills and ridges, generally with an east-to-west direction — 
e.g.y Mons Hill, Arthur’s »Scat, Dalniahoy Hill. These hills and ridges are of 
volcanic origin, and their appearance at the surface is the result of the prolonged 
period of denudation that followed the Carboniferous Age, and especi-l’y during 
the glacial epoch, and have profoundly affected the historical and commercial 
relations of the region — e.g., the building of the Forth Bridge. The passing of 
the ice-sheet across the region has exerted a profound influence not only upon 
the configuration, but also upon its economic development. As a result of the 
action of the ice great numbers of boulders were transported to the region, some- 
times from a considerable distance; a remarkable example is in the Comiston 
sandpit near Edinburgh. Deposits of glacial sand and gravel are widespread 
and have frequently served to furnish a water-supply, as well as for building 
purposes. The deposits of boulder clay, sometimes attaining a depth oMOO feet, 
have exerted an important influence upon the fertility of the region, and have 
also given rise'* to the manufacture of bricks, tiles, and pottery — t.g.^ at Porto- 
bello and at Bo’ness. The effect of the ice-sheet upon the topography is well 
seen in the crag and tail whereon the city of Edinburgh first took its rise and in 
the series of parallel ridges along which the new town has extended. The effect 
of the ice is also to be traced along the channel of the Forth. 

The drainage system of the region throws considerable light upon its physical 
history and offers further evidence of the influence of the ice-sheet throughout 
the area. In several cases — e.g., the Water of Leith and the Braid Bum — ^the 
present streams have reinstated themselves in their pre-glacial courses by cutting 
a channel down through the boulder clay, which filled them as a result of the 
passing of the ice-sheet. A remarkable series of dry valleys extends from near 
the valley of the North Esk at Rosslynlee through Carrington parish. The 
largest of those is about three miles in length, and runs parallel to the 600-foot 
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contour. With the exception of a small irrigation ditch and a tiny brook, which 
carries off the rain-wash from the slopes of the valley towards^ its eastern end, the 
valley is dry. The Dalhousie Burn cuts this valley at right-angles, but its 
course is unaffected by the dry channel. The floor of the valley consists of 
glacial deposits of sand and gravel, and all the evidence leads to the conclusion 
that, like the valleys at St. Helen’s Church, Deuchrie Dod, and the Chesters 
Quarry ravine in East Lothian, these dry valleys were formed during the retreat 
of the ice-sheet from the region and before the natural dr^unage system was 
re-established. Towards the south-east corner of the region another well- 
developed dry valley has been produced by different causes — namely, through 
the action of the Gore Water in capturing the coi^ibined streams of North and 
South Middleton Burn, which formerly flowed into the Tyne, but which now 
empty their waters into the South Esk and have left their former channel, 
extending for almost a mile to the north-east of Borthwick as a dry valley. The 
influence of the ice-sheet is well marked in the Pentland passes, especially in 
the valley ot Glencorse Burn, with its hanging valley at Loganlee and its well- 
developed corrie. The rivers of the region present many other interesting 
problems — e.g., the direction followed by Bavelaw Burn. The remarkable bend 
in the course of Gogar Burn, which becomes a tributary of the Almond instead of 
following the more natural direction towards the Water of Leith, and the bend 
in the North Esk below Hawthornden. 

The clirfiate of the region bears a close relation to its topography. The 
prevalent west and south-west winds give rise to a mean annual rainfall of over 
fifty inches in the highest slopes of the Pentlands ; the area over 1,000 feet has a 
rainfall of over forty inches; the isohyet of thirty inches roughly coincides 
with the 250-foot contour, and in the vicinity of Edinburgh we find one of Ihe 
driest areas in the country. The city of Edinburgh has an annual range of 
21° F., and throughout the greater part of the lowland area the July temperature 
is two degrees higher than the minimum of 56° required for the ripening of 
wheat and barley. In its yield per acre of these two cereals the region holds 
the premier place in the kingdom, but more remarkable is its superiority in the 
production of h«ay from clover and grasses under rotation. 

The mineral resources of the region are as great as its fei-tility. Over 98 per 
cent, of the oil shale produced in the kingdom comes from Linlithgow and 
Midlothian, and sulphate of ammonia, paraifin wax and oil form an important 
part of the export trade of Leith and Grangerpouth. The attempt being made 
to work a thin seam of shale on south-east side of Pentlands, if successful, 
will vitally affect a district at present devoid of population. The development of 
the MidlfTthian coalfield is proceeding, and this basin, along with those in Fife 
and Clackmannan, must become still more important as the western coalfields 
become exhausted. The region is rich in building stone. Moreover, the abundant 
supply of lime has favoured the building industry, besides meeting the demands 
of the farmer for a fertilising agent and of the ironfounder for a flux. 

While the geographical advantages of the site favoured the rise and develop- 
ment of Edinburgh, other factors have also played an important part. The 
selection of Edinburgh as the seat of the law courts and of the university led 
to a demand for printing, and since 1507 printing has been one of the most 
important local industries. This gave rise to a demand for paper, and many 
mills are found along the banks of the Esk and the Water of Leitlu The proper- 
ties of the water drawn from the calciferous sandstone in Edinburgh and its 
neighbourhood have favoured the rise of the brewing industry. A large number 
of bleaching fields have been established on the banks of the Water of Leith. 


4 . The Underground Waters of the Castkton District of Derbyshire. 

By Harold Beodrick, M.A. 

To the west of Castleton and 600 feet. above it is a long valley, in the base 
of which runs one of the transverse Pennine faults. This fault brings down the 
carboniferous limestone, so that the streams to the north run over the Yoredale 
rocks to sink into the limestone. There are several streams, but only one ends 
in a cave of any size, the Giant’s Hole. This has been explored for a distance 
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of 410 feet, where the water sinks in a deep pool. These waters run through an 
unknown course near which is Elden Hole^ a vertical shaft 200 feet deep, with a 
further drop of about 50 feet below. This is now dry. The water is next met with 
at the upper end of the Speedwell Cave, where it wells up from a deep pool. The 
stream flows through the Speedwell Cave for 800 feet into the disused workings 
of the Speedwell Mine, being joined on its way by another passage 6(X) feet long, 
at the upper end of which is a fine chamber. The combined streams flow through 
the old workings for 1,000 feet, and finally fall into tho so-called * bottomless pit,’ 
which is actually 90 feet deep, the bottom being filled with water 22 tpet deep. 
The upper extension of the pit has not been explored within historic times, although 
the miners evidently climbed it. From the Bottomless Pit to the entrance of 
the Speedwell Mine there is a straight flooded working 750 yards long, through 
which visitors are taken in boats. The next point at which the stream is met 
with is at the upper end of the Peak Cave. It flows in here at two points, which 
passages are found to join at about 100 yards from the portion of the cave 
ordinarily visited. The total length of the Peak Cave ordinarily visited is 
1,528 feet. 


5. Further Exploration of the Mitchehtown Caves, 1908-10. 

By Dr. Charles A. Hill, M,A., M.B., D.Ph. 

An account of these two caves, as far as was then known, was read by the 
author at the Dublin Meeting, 1908. Since that date two visits have been paid to 
the spot, and an exhaustive exploration and survey of both caves completed. 
Some of these results have already been published in tho ‘ Proceedings * of the 
Hoyal Irish Academy (1909). The present p.apcr detailed the results of tho latest 
exploration in March 1910, and was illustrated with numerous lantern slides of 
stalactite' formations within the caves, together with maps and plans. The total 
length of the passages surveyed in the tvro caves measures about a mile and 
a half. 
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Section F.— ECONOMIC SCIENCE AND STATISTICS. 

President of the Section. — Sir H. Llewellyn Smith, K.C.B., M.A., 

B.Sc., F.S.S. 


TJWllSDAY, SEPTHMBEn 1. 

The President delivered the following Address ; — 

What should «bc the scope, form, and contents of a presidential address to the 
Economic Section of the British Association? 

If we attempt to solve this question by the historical method we obtain 
indecisive results, for a hasty glance at the addresses of my predecessors in 
recent years shows a very wide range of variation, from the detailed examination 
of some particular point of economic theory or practice to a general survey of the 
past, present, or future of Economic Science, or a funeral oration over the grave 
of some obsolete school of thought. Nor docs the comparative method — the 
examination of the prevalent customs in other sections of the British Association 
— give any clearer guidance. 

If we fall back upon the a priori or deductive method it may not be difficult 
to construct some theoretical ideal of what a presidential address should ha. 
Thus it might be suggested that the opening address should be to the general 
proceedings of the section what an overture is to an opera — introductory, sugges- 
tive, occasionally reminiscent of previous works of the series, touching skilfully 
on the principal ‘ motives * of current discussions without resting too long or too 
heavily on any. It should doubtless include a systematic and iinpartial review of 
the whole rsvige of contemporary economic activity both on the scientific and on the 
practical sides, with just enough .'iccompanimehx of judicious applause or censure, 
encouragement or warning, to maintain the interest and to afford the necessary 
light and shade, while avoiding the dangers of polemical controversy which would 
provoke a desire for retort and refutation. 

Unfortunately, a priori reasoning notoriously depends upon hypotheses, which 
rarely correspond accurately with realities, and which in the present case are 
veritable feet of clay. In particular our theory presupposes that the Council of 
the British Association have appointed n President who has the necessary leisure 
of mind to keep himself fully abreast of economic thought and research through- 
out the world, and who can devote to the pursuit of economic science that un- 
remitting and undistracted attention which the economic man is popularly sup- 
posed to devote to the pursuit of wealth. Lastly, he is also assumed to be in a 
position of untrammelled freedom to tell anything he happens to know. Instead 
of this the Council have selected a hard-worked official with little leisure for the 
pimsuit of any subject outside the range of his official duties, while as regards 
subjects within that range (including almost every branch of applied economics) 
the very nature of these duties imposes the most stringent reserves on his power 
of free discussion. 

Nor does this disability arise from any formal rule or prohibition or considera- 
tions of official etiquette. It is the inevitable result of the working of natural 
laws which connect causes with their consequences direct and indirect, immediate 
and remote. Were I to-day to discourse to you freely and without reserve on 
questions of fiscal policy and commercial treaties, industrial combinations, railway 
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agreements, and shipping rings, patents and copyright, merchandise marks, 
labour organisation, bankruptcy legislation, and municipal trading, I think that 
I could probably afford you an hour’s entertainment which might be both 
interesting and instructive, but I should look forward with some misgiving to the 
reactions of my indiscretions on the future working of the machine of which 
I am an attendant. 

This, then, being the plight in which T find myself, my only course is to do 
the best I can under rather unpiopitious conditions, to put before you without 
much order or system such thoughts and ideas as occur to me with regard to 
recent and present economic tendencies, and, if I must be indiscreet, to confine 
my indiscretions within reasonable limits. 

But at the outset I must pause to say a word or two as to our losses during 
the past year. Death has been unusually busy of late in the ranks of economists, 
and hardly any important country has escaped its ravages. 1 can only mention 
a few of the more important losses. 

To take our own country first, we are mourning the loss of the recognised 
doyen of economic statistics. Sir Robert Giffcn was unequalled in his broad 
grasp, fine sense of proportion, and clear insight in handling masses of common 
statistics, and in extracting from them their real significance. But he was 
more than a statistician; his mind was extraordinarily fresh and original, and 
there were few subjects within the range of practical economics whic h he touched 
without illuminating. Of Sir Robert Giffcn as an official 1 speak from personal 
knowledge, for he was my first chief in the Civil Servi(;e, and I shall always 
remember the ungrudging help and the generous support and appreciation which 
he bestowed on his staff and colleagues. 

Looking across the sea we share the regrets of our American colleagues for 
the loss ot Simon Newcomb, a great astronomer who had also made a name among 
economists for the freshness, vigour, and originality of his frequent incursions 
into the domain of our science; and also of Professor Sumner, of Yale, who 
stood very high indeed among economic teachers. 

In Leon Walras, France has lost a distinguished economist whose most im- 
portant work belongs to a past generation, but whoso death severs one more of 
the few remaining links with the period of the first revolt against the doctrinaire 
successors of the classical economists. Walras was one of the early rebels, and 
he shares with Monger and Jevons the honour of being a pioneer of the applica- 
tion of mathematical methods to economic theory. 

Another and yet more recent loss sustained by France has been the death 
of Emile Cheysson, distinguished both as administrator and staiishiian. Hip 
work was Af particular importance in those fields of social enterprise in which 
the mathematical methods of the actuiiry arc needed to place philanthropic effort 
on a sound basis, and he also devoted much personal energy to the promotion of 
schemes for social improvement. 

The untimely and almost tragic death of Ernst von Halle occurred on June 29, 
1909, and therefore falls just outside the period of the laet twelve months. But I 
cannot pass over in silence the Joss which Germany has sustained by the death of 
this brilliant young economist and public servant. Von Halle was probably best 
known in this country by his study of Trusts, published at a time when industrial 
combinations were only l)eginning to attract the attention which has since been 
so abundantly bestowed on them. But perhaps his most characteristic work was 
done in connection with the maritime development of Germany, and one of his 
latest economic writings was the essay which appeared in the ‘ Economic Journal’ 
eighteen months before his death, in which he endeavoured to combat misappre- 
hensions as to the historic basis, the objects, scope, and necessary limitations of a 
movement which is of such profound interest to the world at the present time. 

One of the most notable losses of the year has been that of Nicholaas Gerard 
Pierson, the c'conomist statesman of Holland, who was not only unquestionably 
the most distinguished of contemporary Dutch economists, but who for four years 
(1897-1901) occupied the post of Prime Minister of his country. 

Austria mourns the loss, at the age of sixty-onc. of Dr. Franz Ritter von 
Juraschek, head of the Austrian Centra} Statistical Conrnaission, whose eminent 
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services to statistics were especially fruitful in the domain of international com- 
parisons. 

Two other veteran economists, have passed away — ^namely, Dr. Julius Kautz, 
the Hungarian economist, at the age of eighty; and Professor Aschehoug, of 
Christiania, at the age of eighty-seven. Kautz is a link with the time of Boscher 
and the early German historical school. Aschehoug had occupied a professorial 
position in the university for fifty-six years. 

Turning from the review of our losses to the progress of economic science and 
statistics during the past year we find perhaps little that is sensational to record, 
but much evidence of quiet, steady, and solid progress along various lines of 
research. I am now, of course, speaking of the output of new and original 
economic work, not of the popular discussion of practical economic problems, 
which has been perhaps more active and persistent, not to say blatant, during 
the last twelve months than in any corresponding period of recent times. For 
reasons which I shall indicate presently, I am by no means inclined to take a 
purely cynical view of the value of these popular discussions even when carried 
on amid the heat of party politics. Good as well as evil, and often in greater 
measure than evil, may, and I am convinced does, result in the long run to 
economic science from popular discussions of economic questions, however super- 
ficial they may be, and however distorted by bias and passion. But it is not of 
this sort of +hing that I am now speaking, but of modern economic work and 
thought properly so-called. 

Among the most welcome tendencies of recent economic thought and writing 
has, I think, been a marked falling-off in the sterile and strident controversy 
that has so long been carried on between the advocates of different methods of 
research. We might, I think, be justified in saying that a truce, if not a perma- 
nent peace, has been declared between the champions of the so-called historical 
and abstract or analytic methods, based on the mutual recognition that both 
methods are indispensable, and are, when rightly used, complementary rather 
than antagonistic. The metaphor of the two feet which are necessary for walk- 
ing' (or at lecist for any advance which is other than a series of spasmodic hops) 
seems to have brought comfort to some who, a short time ago, were at death- 
grips. This happy cessation of a controversy which, though once big with great 
issues, has of late years been little but a barren academic wrangle, is pure gain to 
economic progress; for it may be taken as a general rule that long-continued 
and acrimonious controversies about scientific method are a sure sign of a low 
level of scientific achievement. When men of science and action have important 
work on hr**d they have no time or use for elaborate polemics and recriminations 
as to the proper tools and apparatus to employ.* Not, of course, that the problems 
of method are over unimportant, but in times of real active advance they occupy a 
secondary place and are naturally and almost unconsciously solved in relation to 
each positive economic question as it arises. It is only at times of low positive 
activity that the question of method assumes an independent position as the 
dominating problem of the day. 

If we were to apply both the historical and analytic methods in combination 
to the elucidation of the controversy between them which is now dying down, 
it would, I think, appear that the supposed opposition between the two schools 
of method^ so far from being fundamental, arose largely from .circumstances 
which were local and temporary, that the antagonism was for a time both 
necessary and fruitful, but that it has long ceased to have either of these 
characters, and has been a real obstruction to advance. No doubt the pursuit of 
the two* branches of research will remain to a large extent distinct and in 
separcate hands, owing to the natural division of labour according to personal 
tastes and aptitudes; but the historian and the theorist will each in future be 
clearly conscious that the work he is doing is only partial and one-sided, and 
cannot be made complete without the assistance of the other. And both will, I 
hope, be conscious to an increasing extent of their common dependence on a third 
line of research, at present only in its infancy — ^namely, the quantitative investiga- 
tion of economic phenomena mainly through the scientific study of statistics. I do 
not know whether statistical investigation has been conceived as forming one or 
ipore toes of l^otb or either (and, if so, which) of tbe two now farnong feet op 
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which political economy is said to rest, but it certainly seems to be an indis- 
pensable adjunct to both. At a very early stage of abstract analysis it is usually 
necessary to give due proportion and precision to our ideas by clothine the dry 
bones with the flesh of concrete facts, and across the flow of economic phenomena 
which history investigates we need to take frequent sections and soundings if we 
desire to measure effects as well as to trace causes. I have some doubt if the 
economic animal is a biped after all. I do not want to make him a centipede, 
but I think that at least three feet must be postulated — ^abstract analysis, his- 
torical (including comparative) investigation, and concrete statistical measure- 
ment. 

The reconciliation of the historical and analytic schools of research does not 
diminish, perhaps it increases, the necessity for perpetual vigilance on the part 
of investigators of both types against their peculiar besetting sins. The his- 
torical inquirer, full of his doctrine of relativity, must beware of supposing 
that he justifies an institution when he unfolds its origin and shows how it 
grew naturally out of the conditions and circumstances of its day, or that ho 
conclusively condemns its continuance when he shows that the conditions and 
circumstances of its origin have passed away. On the other hand, the analytical 
reasoner needs to be continually on the watch to detect in his assumptions which 
appear universally valid the elements which in reality are true only for particular 
times and places. 

The next tendency which I notice in recent economic literature is one which 
can only be welcomed with some qualifications. I refer to the increasingly 
technical character of the phraseology and methods employed. Economic and 
statistical science is in the course of elaborating a highly specialised technical 
terminology of its own, so that no careless reader may be misled by an ambiguous 
word or phrase. Since the fundamental terms of economic science are words 
in common use, such as wealth, capital, wages, rent, prices, and the like, each 
of which is used in everyday conversation in half a dozen different senses, and 
none of which have any claim to scientific precision, it can he readily understood 
that the greatest of the classical economists was not always proof against the 
danger of using his terms in different senses in different portions of his argument, 
while the pamphleteer successors of the early economists scarcely made a serious 
attempt to use terms in a consistent way throughout. 

Hence the great convenience for the purpose of analytical reasoning of having 
a purely scientific terminology, free from ambiguity and incapable of being 
confused with the popular words used in the market-place. 

And yet while welcoming the movement which has given us such terms as 
‘flow,* ‘national dividend,* ‘consumers* surplus,* ‘quasi-rent,* and ' 'the like, I 
venture to^ sound a mild note of warning. All these special terms and the 
technical reasonings into which they enter should be restricted so far as possible 
to purely scientific publications, and even in these their meanings should be 
carefully explained and not assumed. I do not say this wholly or mainly in 
the interests of the popular reader, but quite as much, and perhaps more, in the 
interests of science. Political economy cannot from its nature ever be in the 
position, say, of m.athematical physics, which, though necessarily a closed book by 
reason of its abstruseness to the vast majority of intelligent persons, nevertheless 
commands their complete confidence. No one is afraid to trust himself on a bridge 
because he cafinot follow the reasonings which have made the engineers confident 
in its stability. He accepts the results though he cannot follow the pro- 
cess. But I do not think that the ordinary man will readily take up this 
attitude towards a science like economics dealing with matters of everyday life 
which he deems himself fully competent to understand and discuss. If then 
the language of economic science is to him an unknown language, he is likely to 
pass it by as an affair of a clique having no relation to practical life. This might 
not perhaps matter much if we could get along without the practical man, but we 
cannot, because we need his criticism at every point. A vast amount of rubbish 
is, of course, said and written annually on economic matters by persons who are 
imperfectly equipped for the task eitheT of discovery, exposition, or criticism; 
but this should not blind us to the fact that a great deal of very valuable economic 
criticism com^s, and still fqofe pu^ht tb come, from mep who are not professiopa} 
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economists, and who have no leisure to keep themselves abreast of the newest 
modes of professorial expression. K'ow it is of the highest importance that we 
should do everything to encourage and nothing to deprive ourselves of this 
criticism, which is essential in order to keep economic thought sane wd sound 
and in touch with realities. On all grounds it would be deplorable if through 
the obscurity of its language economic science should relapse into the position of 
an esoteric doctrine confined to a small circle of initiates, only the bare results 
of which are capable of dogmatic statement to the outside world. Not only is 
the doctrine unlikely to be accepted on these terms, but, being ex hy'potheei a 
doctrine elaborated in tHe closet by experts without contact with the fresh 
breezes of everyday business experience, it is quite certain to suffer in balance 
and proportion and reality, and in all that gives it value to the world. 

Of course the vast bulk of public criticisms and suggestions on technical 
projects or scientific theories are shallow, irrelevant, and futile. But even though 
there be 99 per cent, of chaff, the odd 1 per cent, of grain may w^ll be priceless. 
Now I would say very seriously that it is of the highest importance to our 
science not to be cut off by any barrier of unintelligible phraseology from the 
advantage of the co-operation, whether by criticism or suggestion, of that great 
body of persons who, while not professional economists, arc practical experts in 
one or other of the branches of economic knowledge. ^ ^ ^ 

What I have said with regard to the use of special technical phraseology in 
economic reasonings intended for the eye of the general reader applies of course 
with special force to the use of mathematical symbols and modes of expression. 
I do not think that either by taste or training I am likely to underrate the value 
of mathematical methods in elucidating economic problems. The essentially 
mathematical conception of functions and mutually dependent variables offers 
incomparably the most powerful and appropriate method of expressing the inter- 
relations among such economic phenomena as rent, interest, price, wages, product, 
and capital. Moreover, Ihe apparatus of the infinitesimal calculus affords the 
only satisfactory mode of representing and analysing continuous economic changes. 
Ordinary verbal argument on complicated questions (say) of international values 
or of the ultimate incidence of taxation, can hardly go beyond the analysis of 
certain particular cases of discontinuous changes selccted»* for purposes of 
illustration. 

Nevertheless, I trust that those who recognise with me the value of 
mathematical modes of expression will be extremely careful to restrict mathe- 
matical language to the pages of technical economic journals or the footnotes 
and appendices of more popular treatises, and to re state all the conclusions 
arrived at this means, with at least an outline of the arguments which lead 
to them, in ordinary language free from technical symbols. . r- 

The last-mentioned condition is, 1 think, important, not merely for the reasons 
which I have already given, but for another which applies peculiarly to mathe- 
matical arguments. Before starting our mathemiitical analysis we are bound, of 
course, to define very precisely the meaning of the quantities which the symbols 
express, and this in itself is very salutary, for it compels us to recognise frankly 
the hypotheses on which our argument will depend. But when the mathematical 
process has once begun we very quickly lose sight of the economic contents of the 
symbols. As the school-girl in the examination said : * Algebraical symbols are 
what you use when you don’t know what you are talking about.* Now from the 
point when we lose sight of the economic significance of our symbols we lose the 
means of applying the check of common-sense to the intermediate stages of our 
analysis, and we do not recover this power of criticism until the final results 
emerge and are interpreted in ordinary language. Between the points at which 
our economic assumptions are translated into mathematical formulas and our 
ultimate results are re-translated into ordinary language, there is nothing to 
enable us U) take stock of the position and to warn us of the direction in which we 
may be drifting. 

Another tendency which I see in economic research is to attach increasing 
importance to quantitative measurement with the aid of the separate though 
auxiliary science of statistics. 

This is a tendency which is wholly welqpme and which is likely to become of 
increasing importance in the immediate future. Like all salutary movements it 
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is, of course, not free from incidental dangers. It is clearly possible to lean on 
the third foot of our tripod more heavily than it will bear, and it is not only 
possible but probable that the public demand for quantitative information will for 
some time outrun the available means of supply. Certainly the pressure for more 
and better statistics is increasing very rapidly at the present time, and not always 
with due regard to the limitations of what is practicable. In order to form a 
sound and sober judgment of the true possibilities of advance ^ong this line it is 
necessary to recognise frankly the chasm which separates the crude and primitive 
means of measurement, or rather of quantitative estimate, which alone are open 
to the economist, from the relatively perfect apparatus and methods which are 
available to the physicist. 

But the more imperfect our data and the more primitive our means of 
enumeration and measurement, the more perfect and complex needs to be our 
scientific apparatus for criticising the results and enabling positive inferences to 
be drawn therefrom. In other words our dependence on statistical science is pro- 
portionate to the defects of our means of direct and accurate measurement. 

Statistics is often classed with economic science (and, indeed, the two mamos 
arc linked in the title of our Section) as though there were some essential connec- 
tion between the two. But this, of course, is not tlic c.nee, statistical methods 
being used to a greater or less extent in all the branches of science which occupy 
the other Sections of the British Association. In fact, it is probably in connection 
wdth biology rather than economics that the most important original research by 
statistical methods has been recently carried out. 

Quantitative measurement is the backbone of science, and whenever the 
quantities handled are in any way indeterminate or inexact, either in regard to 
their definition or enumeration, we need the assistance of scientific rules and 
criteria to enable us to correct, or neglect, or at least to limit the error introduced 
into our, results by the faulty nature of the data. The mere direct measurement, 
counting, or weighing of quantities is scarcely worthy of being called a statistical 
operation ; statistical science properly so-called is mainly concerned with estab- 
lishing the conditions under which approximately true inferences may be drawn 
from imperfect data. On this problem the modern statistician brings to bear 
the powerful engine of the mathematical theory of probability. 

It is no part of my intention to attempt to discuss the methods of modern 
statistical science : I only wish to emphasise the close connection between the 
elaboration of those methods and the imperfection of the data to which they are 
applied. h 

Now the data of economic statistics are almost all liable to error either through 
defects of definition or extension. Either the only data available are not precisely 
of the nature required for the purt>oso of the particular invcstigatioi., so that wo 

have to do the best wc can with second or third best materials, or the data 
obtainable only cover a comparatively small portion of the total field, and there 
may be formidable questions as to how far the results based on such limited data 
are really representative. Sometimes we suffer from both these difficulties, and 
statistical inquiries oscillate habitually between the two dangers as between 
Scylla and Charybdis — the danger on the one hand that over- insistence on 
elaborate precision of data may so narrow the field that the results obtained from 
the sample may bo unrepresentative of the whole, and the danger on the other 
hand that the ‘common statistics* which alone cover the whole field are neces- 
sarily obtained not only for one but lor many diverse purposes, and are therefore 
unlikely to be entiiely appropriate to any particular inquiry. Between these 
characteristic dangers of the intensive and extensive methods respectively we have 
to steer our difficult course as best we may. 

The peculiar dangers of the intensive method are so obvious as net to need 
special emphasis. Everyone is aware that better results are obtained from a wide 
than from a narrow range of observations, and indeed I think that the besetting 
error of the public is to attach too much rather than too little importance to this 
defect. It requires a trained observer to understand how few samples if honestly 
chosen at random suffice to give a good approximation to the truth. 

But one special difficulty which attends the extensive method often receives, 
I think, less attention than is its due. 

Statistical investigations which cover very large masses of returns and are 
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repCfitod periodically so as to admit of historical comparisons must from the 
nature of the case be based on what Sir Robert Giffen used to call ‘common 
statistics.* The term * common * is not used in any derogatory sense, but in its 
strict meaning, viz., statistics not designed or compiled specially for one particular 
purpose, but destined to serve several pu^oses in common. The obvious reason 
for this is that human beings are not willing to spend their lives in filling up 
forms of inquiry 4,0 suit the needs of every statistical investigator. There being, 
therefore, limits to the amount of statistical data which can be extracted from 
the public, it follows that returns filled up primarily for one purpose have to 
serve several other purposes as well. 

A single example of the multiple use of common statistics will suffice, viz., 
the statistics of foreign trade. 

Primarily the classification of the foreign trade statistics of every country is 
based on the subdivisions of its Customs tariff, the object being to enable the 
operation of the tariff to be watched. Of course, in the case of the United 
Kingdom, whore Customs duties are now confined to a small number of articles, 
the existing tariff classification has but a minor effect on the classification of the 
trade accounts, though oven our trade accounts show abundant traces of the 
influence of the tariff subdivisions of bygone days. But in protectionist 
countries the statistics of foreign trade are practically governed by tariff con- 
siderations, and international statisticians are fully aware of the difficulty which 
tariff variations place in the way of the attainment of statistical uniformity among 
the different ''commercial countries of the world. 

The second purpose the trade accounts have to serve is that of the practical 
trader, who is concerned not at all with the attainment of statistical uniformity, 
but very much with the safeguarding of his own particular trade interests, and 
who therefore wishes for a classification which will furnish him with all the data 
needed for his business, while suppressing all details that will serve the purpose 
of his trade rivals and foreign competitors. 

When we have reconciled the claims of the Customs authorities and the 
practical trader we have to meet the insistent demands and criticisms of persons 
interested in public affairs who wish to learn from the trade accounts what is the 
true economic state of the nation, in comparison either with its foreign rivals 
or with some previous period of its own history. But it is vdry soon discovered 
that the requirements of these critics, while not always compatible with those of 
the practical trader or the financial authorities, are not consistent among them- 
selves. So far as they wish to make international comparisons they recommend 
modifications which would assimilate our classification to that of foreign 
countries, but so far as they wish to make historical comparisons they deprecate 
any changeiS^of classification that will impair continuity. 

It is not necessary to labour the point further, though illustrations perhaps 
even of a more striking kind might be afforded by the multiple uses to which the 
results of the general census are put. 

Thus those who collect and compile common statistics have to serve many 
masters — ^sometimes with the usual result. If every statistical enthusiast had his 
why and the declarations required from traders and citizens were adapted to meet 
the precise requirements of each investigator in turn, the schedule to be filled up 
would be something from which the practical business man would recoil in horror. 
Hence, in practice, we are driven to a rough compromise between divergent and 
conflicting aims, relying on the resources of statisticjal science to^'enable us to 
apply the needful qualifications to the necessarily imperfect results. 

So far w.e have only been dealing with the apparatus and methods of research 
and exposition, and not at all with the objects to which such research should be 
applied, still less with the ultimate ends of economic study and conduct. 

The next tendency we have to note belongs to quite another region of ideas. 

This is the growing emphasis laid on ends as distinguished from means as 
the subject of economic study. 

There used to be some disposition to question whether the economist was at 
all concerned with ends, whether he had not fully discharged his duty in making 
a correct analysis of the structure of existing economic society and of the forces 
acting upon it; and it was rather the fashion to suggest that when this analysis 
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was completed the eoonomut should depart, and leave the practical statesman 
to collate his report with those of the moralist and the politician, and to draw 
the necessary inferences as to practical policy from their combined study. 

Such a limitation as this would have been quite foreign to the ideas of the 
early makers of political economy. The mediaeval thinkers were frankly con< 
cerned with economic conduct and morals; the mercantilists with the very prac- 
tical question of adapting economic policy to the race for national power; the 
physiocrats with the freeing of pre-revolution France from the network of 
vexatious and oppressive State restrictions on industry with a view to giving 
free play to the natural expansion of manufacture and commerce. Malthus 
was engaged in combating social utopias, while Adam Smith was concerned, as 
we have been recently reminded in Professor Nicholson’s striking book, with 
every field of political and moral activity, as well as with that region within 
which economic science is usually supposed to be confined. The author of the 
‘ Wealth of Nations ’ would certainly have been astonished at the suggestion that 
political economy is not concerned with ends. Yet the first step towards at 
least a temporary divorce between the study of economic ends and means was 
taken when Adam Smith enunciated his famous conclusion that *all systems, 
either of preference or of restraint . . . being . . . completely taken away, the 
obvious and simple system of natural liberty establishes itself of its own accord.’ 

I am not concerned to discuss whether this conclusion was an induction from 
experience or a deduction from moral or theological presuppositions, or how far 
it is to be qualified by many other passages in the same great work. Hut in 
any case the proposition that the natural forces of human desires and aversions, 
and their mutual reactions, will naturally and without conscious intention on 
the part of the individual lead to the greatest advantage of society, became 
the starting-point of a school of propagandists of economic truth who too often 
identified' the indicative with the imperative mood, and blurred the distinction 
between scientific generalisations and moral precepts of conduct. 

To those who adopted this view of the Economic Harmonies in its extreme 
form the question whether political economy is concerned with ends as distinct 
from means became a relatively unimportant question, and fell naturally into 
the background. 

The maximising of production (or, as we should now say, of the national 
dividend) is the only end that these economists could be said to propound, the 
distribution of the resultant wealth being automatically determined by the 
beneficent action of the 'system of natural liberty.’ Sooner or later the current 
utilitarian philosophy, with its principle of 'greatest happiness,’ was bound to 
come into conflict with this ideal, for the policy of maximising s.^tisfaction is 
clearly not identical with that of 'maximising production. The enunciation of 
' maximum satisfaction ’ as an end necessarily raised — though it could not solve — 
the question of distribution of wealth among different social classes. In regard 
to this matter it shook confidence in the shallow dogmatism of the propagandist 
economists, but it substituted no definite alternative commanding general assent, 
and accordingly the immediate practical result on economic thought was not 
to inspire It with a new creed, but to deprive it of all creed, and to replace the 
art of political economy by the conception of an economic science concerned 
solely with the ascertainment of the results which flow from certain hypothetical 
assumptions, rand not at all with guiding mankind towards a desirable goal. 

Such a view could hardly hold permanent sway, though it was a great 
advance on the dogmatic and insolent optimism which it displaced, and nominally 
at least it dominated English economic thought from the middle of the nine- 
teenth century almost to the present day. This domination has, however, been 
more nominal than real. The limitation was from the first subjected to vigorous 
criticism, and at bottom the critics were right, for however carefully we may 
expel the idea of ends from our reasoning, current ideals and even prejudices 
are certain to affect our choice of hypotheses. As a fact, all the latter-day 
economists have by one expedient or another escaped from their own theoretic 
limitation. To take a single example, it has become a recognised axiom of 
economic reasoning that the diminution of poverty is a proper object of economic 
effort. Of course, the pure utilitarian would have nothing to do with distinc- 
tiona of quality in happineaa— distinctions which are fatal to the simplicity of 
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his magic formula — and the utilitarian school of economists attempted no direct 
discrimination in their measurements of utility and value between the qualities 
which render an article an object of desire. The fact that a thing is 
desired proved its right to be called ‘ useful * within the meaning of their 
theory, and it must be admitted that no coherent objective theory of value could 
be built up on any other basis. Nevertheless, it is no new discovery that things 
of equal value to the individuals who possess them at a given moment may con 
due© in very different degrees to the ultimate national advantage. Th© old 
distinction between productive and unproductive expenditure, and Adam Smith’s 
difficult argument as to the relative advantages of near and distant trade, are 
examples of distinctions of this kind which were present to the minds even of 
the economists who were most dominated by the theory of natural liberty. 

The great and growing importance attached by the best modern economists 
to the element of time, and the consequential recognition of the importance of 
ultimate as distinct from immediate effects, tend jiro tanto to discriminate 
between different qualities of satisfaction, and to give increased weight to thoM 
kinds which tend to the building up and husbanding of the permanent economic 
interests of the Commonwealth, as compared with the transitory satisfactions 
which perish in their own gratification — in short, between the nobler and 
ignobler forms of utility. 

I think it is a matter which needs the careful consideration of economists at 
the present da-y» whether tne time has not come when they should accept fully 
and frankly the task, from which in any case they cannot entirely escape, of 
distinguishing between noble and ignoble ends of economic conduct, and should 
regard all their methods of research — historical, analytical, comparative, and 
statistical — as only means to this end. 

On the present occasion 1 cannot do more than illustrate my meaning by a 
single important example. 

The recognition that the purposes and modes of consumption of commodities 
have to be taken into account, as well as the mere amount of the satisfaction 
yielded by them to their consumers, brings with it the necessity for recognising 
the distribution of income in respect of time, no less than in. respect of class, as 
an essential factor in the na*ional well-being. 

Thus, for example, a regular income of 21. a week may have a very different 
economic significance from an income amounting in the aggregate to 104f. in the 
year, but receivable in irregular and unequal insralments. Still more widely does 
it differ economically from the chance of a variable income averaging l()4f. 
one year wj.th another. 

Now one of the mos»fc significant and iin^portaiit economic tendei^ies of the 
present day is the growing recognition of the importance of security and regu- 
larity in all operations of industry and commerce. It is, of course, a trite 
commonplace that the foundation of commerce is security — that safety of person 
and property and security for the performance of legal obligations are essential 
conditions of all indu.strial and commercial development. But it is not of 
these elementary guarantees that I am speaking, but of the tendency which T 
see to attach ever greater importance to the certainty .and regularity of sequence 
as distinguished from the mere aggregate volume of business transactions. 
This tendency is reflected in the enormous development of the met)iod of insur- 
ance as a protection against risk. 

Nor is this development confined to business transactions properly so-called. 
A number of the risks and contingencies of human life which cause irregu- 
larity and uncertainty in working-class incomes have been brought within the 
sphere of insurance, whether by voluntary institutions, or, as in Germany, by a 
State system of organisation. And the question of the perfection and further 
development of the methods of social insurance is absorbing a large amount of 
the best thought of the day. 

All this points to the growing importance attached by social observers to 
stability and regularity, an~d the grounds for this attitude are sufficiently obvious, 
whether we look at the matter from the point of view of the economy of the work- 
man’s household, or of the deteriorating effects of irregular habits on physique 
and character. It may perhaps be suggested that the growing social concern for 
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the maintenance of stability is the counterpart of the growing conviction that 
with the world-wide development of industry the causes of fluctuations and 
irregularity are becoming continually more incalculable and their effects more 
unavoidable by unaided individual effort. 

Is this tendency to exalt security as an end a healthy tendency, or ought 
it to fill us with apprehension? 

The ideal of security may not at first sight seem a very heroic aim to put 
before a country whose economic traditions form a veritable romance of adventure 
full of the joy of risks encountered and dangers overcome. Some may think with 
misgiving that the conscious pursuit of a policy of safety implies that we have 
passed the stage of economic youth and expansion and are entering on the dusk 
of old age. They may feel as when at Romo we contemplate Aurelian’s great 
wall which for centuries withstood the inroads of barbarians, but the building of 
which none the less miirked the definite close of the period of the fearless and 
aggressive supremacy of Rome. Are the nations of Europe being invited to enter 
with the old gods into the fortress of Valhalla, there to await in well-planned 
security but in growing gloom their inevitable decline? The question is cogent 
and searching, and modern nations must find the true answer at their peril, for if 
the two ideals of free adventure and economic security admit of no reconciliation, 
then the fate of our civilisation is only a matter of time. 

But fortunately it is not necessary to admit the essential opposition of these 
two ideals rightly conceived. For as it seems to me there is a noble as well as an 
ignoble ideal of adventure, and, corresponding thereto, there is a noble as well as 
an ignoble ideal of security, and the great problem that lies before us in the future 
is to distinguish rightly between them and to direct our national policy 
accordingly. 

The first step towards making this distinction i'* to recognise that ignoble as 
well as noble results are produced by exposure to risKS. If fearless resolution and 
foresight in encountering and combating danger and risk produced the race of 
Elizabethan mariners and explorers, and to-day gives us a Shackleton or a 
Sven Hedin, we know also the craven and panic-stricken population which lives 
on the slopes of a volcano, exposed every day to incalculable risks against which 
no precautions can avail. 

ft is, I think, a definite induction from history and observation thjit when risk 
falls outside certain limits as regards magnitude and calculability, when in short 
it becomes what I may call a gambler’s risk, exposure thereto not only ceases to 
act as a bracing tonic, but produces evil effects of a very serious kind. 

It is to the general interest, and it tends to the building up and strengthening 
of the nationtal character, that everyone should have as strong a motiv// as possible 
to guard against risks which can be' avoided by reasonable precautions on the part 
of the individual, and it is also to the general intei'*st that within certain limits 
the individual should have sufficient resisting power and reserve strength to 
encounter without the support of his fellows the ordinary minor ups and do^ns 
of life which it is not within his power to avoid. What these limits are cannot 
be laid down dogmatically : they vary widely from nation to nation, from class to 
class, and from age to age. Vicissitudes which mean famine to the savage pass 
quite unnoticed in advanced industrial communities, and classes who are accus- 
tomed to yearly salaries are unconcerned with fluctuations which bring privation 
to the weekly wage earner. But within any given nation and class the limits 
probably change but slowly, and though different scliools of social observers will 
certainly fix the limits at somewhat different points, and there is no doubt a 
neutral zone within which the relative public advantages and disadvantages of 
exposure to risk are fairly equally balance^, or at least may be open to legitimate 
debate, I am disposed to think that the majority of fair-minded men would not 
differ very widely in the principles governing the demarcation between the spheres 
of individual and of social protection against economic risk. To take, for example, 
the risks of unemployment, I think most people would agree that the personal risk 
of losing employment through bad work, irregular attendance, or drunken habits 
is one which it is absolutely necessary in the public interest to leave attached in all 
its force to the individual workman. For the community to guarantee employ- 
ment to all irrespective of personal effort or efficiency would necessarily impair 
the national character and lower the national standard. This is, therefore, a risk 
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the direct incidence of which must be borne by the individual, the action of the 
community being confined to such indirect measures as may strengthen the power 
of the individual to meet the risk, as, for example, by technical and general 
training. 

On the other hand, I think that most people would agree that in a country 
like the United Kingdom at the present time, the incalculable risk of a prolonged 
depression of trade, due perhaps to some financial catastrophe thousands of miles 
away, is one the exposure to which of the individual workman does little but 
harm. Such a risk is too much beyond his powers of foresight, and also too 
great in magnitude in proportion to his reasonable opportunities of making 
provision, to exercise any appreciable effect • in stimulating self-help, 
while the liability to see all his savings swept away in a few weeks by 
cyclical fluctuations in employment which he can do nothing to avoid is a 
demoralising risk acting on his character precisely like the liability to earthquake 
or other cataclysm, and discouraging to a marked extent the accumulation of 
savings and the development and maintenance of habits of providence. 

Between these two extremes, the risk due to personal inefficiency and that 
resulting from a world-wide depression of trade, lie intermediate classes of risks 
about which there might be more difference of opinion, and the incidence of 
which probably acts on national character in very different ways in countries 
at different stages of development. 

I propose f presently to examine more closely some of these classes of risks. 
At the moment, however, I am only concerned to illustrate my general proposition 
that neither free adventure nor economic security suffices singly as an ideal of 
economic conduct without careful discrimination, and that the criterion for such 
discrimination is the effect of exposure to each class of risk in building up or 
degrading the national character. 

In suggesting that the attention of economists is being directed and will con- 
tinue to be directed in an increasing degree to the ends of economic conduct as 
distinct from a mere analysis and description of existing conditions, 1 have' taken 
a single example, the pursuit of economic security as an objective, and have 
drawn a vital distinction between the classes of economic risksf* exposure to which 
tends to the building up or to the degradation of the national character. And as 
regards these risks 1 have taken a single illustration, that of unemployment, partly 
because the evils resulting therefrom have been v^y much in our thoughts during 
the last few years, partly because their analysis affords good illustrations of 
almost every class of economic risk. 

I might go on to take other examples, but I think that it may perhaps serve a 
more useful purpose if during the time that r4\nains to me I follow up* in further 
detail the particular illustration which I have chosen, and inquire specifically how 
far the risks of unemployment are risks which it is expedient in the public 
interest that each individual should be left to meet unaided, or how far they are 
from the social point of view ‘ insurable risks ’ which can properly be met by 
combined action. 

We shall find that the reply to the proposition is by no means a simple one, that 
it will differ to a large extent for different trades, and that probably it will also 
differ widely for different countries. 

At the 'outset it is to be noted that I use the term * insurable rrisk* for the 
purpose of this inquiry in a much narrower sense than that which it bears in 
the ordinary language of the insurance world. Broadly speaking, if the term be 
used in its widest sense there are no risks that are not insurable except those which 
are the result of the direct wilful act o( the insured person. Thus you can insure 
against fire but not arson, against death but not suicide. And even with regard to 
acts which are voluntary the modern tendency is to take a very broad view, and 
to narrow the classes of cases excluded. Thus most life assurance companies will 
pay on death, even if due to suicide, provided that the policy was taken out 
sufficiently long before the death to make it fairly certain that suicide was not in 
contemplation at the time. 

As I am now using the term * insurable,* however, I mean not merely a risk 
in respect of which you could get some company or underwriter to quote you a 
pi^mium, but a risk for which some sort of social insurance is a practicable and 
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appropriate remeay— bearing in mind the critical distinction already drawn 
between different classes of risks. 

Moreover, by * insurable risk * I do not mean a^ risk which can be zully 
covered by insurance, but one the consequences of which mav be mitigated by a 
payment which nevertheless falls far short of complete indemnity. It hardly 
needs demonstration that full indemnity against the risks of unemployment 
could not be offered without disastrous results, inasmuch as a large section of 
persons regard idleness as in itself more attractive than work. The universal 
practice of organisations, voluntary or public, which insure against -sickness, 
accident, or unemployment, is to make the benefit payable much less than the full 
rate of wages, and in all that follows this conditioi'. is assumed. 

For the purpose of the present inquiry the causes of unemployment group 
themselves naturally under three heads — periodic fiuctuations, local and industrial 
displacements, and personal causes. 

Of these 1 have already touched on the first group in discussing cyclical and 
seasonal fluctuations of employment. Seasonal changes are, of court^e, the direct 
result of cosmical causes, and whether or not cyclical fluctuations are ultimately 
psychological or (as Jevons thought) cosmical phenomena, there can be no doubt 
that for our present purpose we may regard them as ultimate facts beyond 
the control of the individual. These two elements in unemployment are pre* 
eminently insurable elements, since, being due to recurrent oscillations and not to 
progressive changes, they can only be met by some method, either individual or 
collective, of spreading the earnings of good periods over good and bad alike, 
and not by any remedy which aims at altering the permanent relation between the 
demand for labour and the supply. Moreover, of the two alternative methods, 
collective insurance is more appropriate for the purpose than individual providence, 
because while the oscillations are fairly well defined, their intensity and (in the 
case of cyclical fl^uctuations) their wave length are affected by many uncertain 
elements, climatic, financial, industrial, and political, which are incapable of 
exact prediction, and (what is even more important) the personal incidence of 
the unemployment due to the oscillations is uncertain. 

The next group of causes includes changes in industrial processes or methods 
or in the local distribution of industries, or in the character of industrial demand. 
How far are these classes of risks properly insurable ? 

Afi regards local distribution, the answer mainly depends on the scope of 
the insurance scheme. No purely local fund can, of course, compensate a 
workman for the shifting of Ms industry to other districts, without incurring 
ruinous expense besides impairing the mobility of labour. If, however, the 
insurance scheme be national in scope and be worked in conjunction with 
systematic machinery for notifying to the workman the existence of vacancies 
in other districts, the risk of unemployment due to local displacement is clearly 
an * insurable * risk. As no national scheme could embrace a wider area than the 
United Kingdom, the above argument does not apply with its full force to the 
risk of displacement of industry by foreign competition, and this caso needs 
separate treatment. It is undoubtedly^ a risk beyond the individual’s control, 
and it has, therefore, one of the essential marks of an insurable risk ; and if the 
scheme embrace a large group of trades of sufficient variety to insure each other 
against the risk of some particular branch being attacked by foreign competition, 
there is no r^son why this class of risk should throw an excessive burden on a 
national funx The only question to be considered is, therefore, whether the in- 
surance of British workmen in an industry liable to be transferred by competition 
to a foreign country will operate prejudicially by checking industrial mobility, 
there being obviously not the same opportunity for the workman to follow the 
work as in the case of local redistribution of industry within the limits of the 
insuring country. 

In this respect the case we are now considering is on all fours with that of a 
trade decaying through a permanent change of industrial demand, or an alteration 
of industrial processes. If there is appreciable mobility of labour between the 
decaying trade and other healthy branches embraced within the scope of the 
insurance scheme, and if its magnitude is small as compared with the total area 
of industry covered by the scheme, then the risk is fairly insurable. If, however, 
these conditions are not fulfilled, the case of the permanently decaying trade may 
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present a real though by no means insuperable difficulty which will have to be 
carefully borne in mind by those responsible for devising and working any 
unemployment insurance scheme. 

The conclusion seems to be that the extent to which the risk of unemployment 
due to industrial and local displacement is properly insurable depends partly on a 
wise choice being made of the group of trades and of the geographical area to be 
embraced by the scheme, yjartly on the judicious limitation of the benefits 
payable thereunder. Our analysis points to the necessity of a large area, 
both geographical and industrial, and further suggests that the groups of trades 
included should be such as are unlikely as a whole to undergo wholesale and rapid 
displacement, and within which any decjiy to be apprehended is likely to be only 
local and partial and not on a scale too great to be compensated by the expansion 
of other branches of trade within the insured group. 

There remain the risks due to personal causes. Of these we have already 
ruled out the risks due to the wilful act of the workman, and to these we 
must now avid the personal risk attributable to exceptional deficiencies, physical, 
mental, or moral. These are not properly trade risks, the burden of which ought 
to fall in a special degree on those following a particular industry, and if they 
were allowed to do so they would ruin any scheme of insurance based on the trade 
group. There is still, however, one important class of personal risk to which all 
are liable, and which is in the main beyond the control of the indiviaual, viz., the 
increasing liability to unemployment due to advancing years. I do not intend to 
trench on the important but quite separate problems of national provision for old 
age and invalidity as such. I am solely referring to the ascertained statistical 
fact that the chance of unemployment is a function of age, and that beyond a 
certain age the risk is materially increased. For example, among a body of nearly 
eight thousand engineers whose industrial records were analysed for the purpose, 1 
found that whereas the average number of working days lost in the year by the 
whole body was fifteen, that for members below the age of forty-five was less 
than twelve, while for members between the ages of forty-five and fifty-five 
it was twenty, and for members between fifty-five and sixty-five, thirty-three. 
(Above sixty five the figures are a fleeted by superannuation.) The question 
wc have to ask is, how far this ckuss of risk is insurable? # 

The answer depends again on the scope of the scheme. A voluntary scheme 
which workmen are free to join and leave at their pleasure cannot deal satis- 
factorily with a risk of this kind, especially as no scheme of graduating con- 
tributions according to age is likely to be administratively feasible. Trade-unions 
which give unemploynient benefit are in Jin exceptional position, because they exist 
primarily fqr trade protection purposes, and hence have a hold on their members 
which no voluntary insurance scheme pure acid simple could possess. ^ Generally 
speaking, personal unemployment due to advancing years is insurable, and only 
insurable, under a scheme which applies compulsorily throughout the whole period 
of the workman’s induvstrial life. 

It results from our analysis that some of the risks of unemployment are 
properly insurable and others arc not, and the next step is to ascertain broadly 
the relative importance of the insurable and non-insurable elements. Now an 
examination of the available statislicf^ indicates clearly that at all events as 
regards certain large groups of trades in which unemployment is acute — 
namely, t'ne building, engineering, and shipbuilding trades — the insurable 
element in the risk of unemployment predominates largely over the non- 
insurable element. 

The method of statistical proof of this proposition may be indicated as 
follows 

1. The percentage o^ unemployment in these trades — taking an average of 
good and bad years together — has not varied very widely during the period of 
fifty years ouring which the statislics h.ave been c*oHected (the average for the 
first decade of the period was 5’6; for the second, 4*5; for the third, 6*8; for 
the fourth, 5*2; and for the fifth, 7*2. The average for the whole period was 
6*9). As the period of oscillation is not exactly ten years, part even of the 
differences shown above is accounted for by the presence of an excessive propor- 
tion of good or bad years in particular decades. Thus we may fairly say that 
the element of unemployment due to progressive expansion or contraction of the 
demand for labour has been relatively small. 
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2. The percentage of unemployment found during the seven best years of the 
cycles has averaged 2*4, and only in two out of these seven years has it diverged 
by more than unity from this average. 

3. The variation between the worst and the best years of the various cycles 
has averaged 8*5 per cent. — i.e., more than three times the average percentage of 
unemployment in good years. 

Now, broadly speaking, if wo neglect any progressive changes in the total 
demand for labour, which are evidently slight as compared with the intensity of 
the periodic fluctuations in that demand, we may say that the percentage who 
are unemployed in years of good employment gives a maximum limit which the 
voluntary or non-insurable risk cannot exceed, since it also includes a number of 
minor accidental risks which are properly insurable — e.g., the risk of uneniploy- 
ment through a fire or other accidental stoppage of work, or through defects in the 
local distribution of work and labour. Moreover, through the method of averag- 
ing omx>loymcnt over the year, and risk of seasonal want of employment is 
included, and this is mainly an insurable risk. 

We may further regard the difference between unemployment in a good and 
bad year as giving a minimum measure of the insurable element in unemploy- 
ment, since this difference is wholly the result of changes in the demand for 
labour, and is independent alike of the choice of the individual and of the 
gradual progressive changes, if any, that affect the total field of employment. 
Hence, as this difference is much greater than the minimum percentage in a good 
year, we may regard our proposition as being proved. 

But at this point it is necesesiry to forestall and reply to an objection that will 
certainly be taken to the proposition just laid down. ' It will be pointed out 
that the experience of all relief works and of all schemes for the relief of distress 
due to unemployment establishes clearly that the great majority of the unem- 
ployed, or at least those who seek relief from distress, are very markedly 
inferior both as regards their industrial capacity and their physical and moral 
qualifications to the average employed workmen in the same trades. It is 
possible in a large number — probably in the majority — of these cases to trace 
clearly the operation of the personal defects which have contributed to 
unemployment — bad time-keeping, drink, slovenly work, and so forth — and 
those who are most familiar with the personal side of the problem are, I think, 
likely to put the personal or non-insurable clement in the risk of unemployment 
very much higher than I haye done in relation to the involuntary insurable 
element. 

But in this criticism there is, T think, confusion of thought. Of course, if 
fifty men out of every thousand are out of work, those fifty individu Js are likely 
to be lesi eligible than any other fifty taken at random. We might, if so 
disposed, construct a geometrical curve like those used in expounding the doc- 
trines of utility and rent, in which the number of workmen employed is ex- 
pressed by abscissae and the degrees of efficiency by ordinates. Then it will 
appear at a glance that in a time of good trade the efficiency of the ‘marginal’ 
labourer — that is, of the worst man who just manages to retain his employment — 
is necessarily less than when the total demand for labour has shrunk from any 
cause. In the latter case the workmen discharged will for the most part be the 
less eligible section; and this state of things is quite independent of the true 
cause of the* shrinkage in the demand for labour, so that while the personal 
defects of A may bo the decisive reason why he is selected for unemployment 
instead of B, it does not follow that these defects are a principal or even a 
contributory cause of his unemployment. 

It is a very complex and difficult question, only to be determined in any given 
case with full regard to all the circumstances, to what degree the increase or 
decrease of the personal efficiency of the labourer conduces to an increase or 
decrease in the total demand for labour,* or to what degree it merely enables him to 
shift the burden of unemployment on to someone else. Broadly speaking, there is 
no doubt that the total demand for labour is to a material extent dependent on its 
average efficiency. For example, a quite new demand for labour would be created 
if it were possible to level up all the feeble-minded and the physically and morally 
defective members of the community to the normal level. The abnormal defects of 
thqse persons (the true unemployables) are the vera causa of their unemployment, 
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which does not in the main result from any deficiency in industrial demand, 
but from the fact that th^ir aerviees are so worthless relatively to that of the 
normal workman, that to all intents and purposes they may be regarded as an 
industrially useless surplus. Their unemployment is, therefore, emphatically not 
an * insurable risk,’ and they would need to be excluded from the scope of any 
scheme of insurance as rigorously as exceptionally bad lives are excluded from 
life and sickness insurance. 

But if wo put aside the comparatively small section of abnormals, there 
is ground for asserting that at all events within the great groups of trades to 
which 1 have already referred the influence of variations in efficiency among 
ordinary normal workmen on the total demand for labour at any given time, 
though by no means negligible, is not nearly so powerful as that of variations in 
industrial conditions which are beyond the control of the individual workman. 

If, then, the insurable elements in unemployment in these trades largely 
predominate over the uninsurable elements, it would be comparatively simple to 
devise an appropriate scheme for dealing with the evil, if every separate case 
of unemployment could be readily assigned to its appropriate category, so that 
the benefits of the scheme should be exclusively available in the case of un- 
employment falling within the insurable category, just as a policy of marine 
insurance excludes in terms losses due to a number of specified causes. But in 
actual practico I need hardly say that any such separation of causes can only be 
maae to a VBry limited extent. In the real world of industry the 'various 
elements that contribute to unemployment are inextricably intermixed. Wo can 
imagine the case of a ca^nter who with equal truth might ascribe his unem- 
ployment to^ the competition of structural steel, to the general trade depression, 
to the severity of the winter, to local overbuilding, or to the defects in his own 
training. 

There are a few, but only a few, of the causes of unemployment which can 
be definitely distinguished and excluded in terms from the benefit of an insurance 
scheme, such, for example, as holidays, strikes and lock-outs, voluntary leaving 
of a situation, sickness, and crime. If, then, it is necessary, as it certainly is 
for the success of a scheme, that it should discriminate against unemployment 
due either to exceptional defects or to causes within the control of the individual, 
this discrimina-tion must be effected automatically in the course of the working 
of the scheme itself rather than by any rule professing to exclude ineligible cases 
from its scope. 

The crucial question from a practical point oi view is, therefore, whether it 
is possible to devise a scheme of insurance which, while nominally covering un- 
employmentc-due to all causes other than those which can be definitely excluded, 
shall automatically discriminate as between*' the classes of unemplqyment for 
which insurance is or is not an appropriate remedy. 

We can advance a step towards answering this crucial question by enumerating 
some of the essential characteristics of any unemployment insurance scheme 
which seem to follow directly or by necessary implication from the conditions of 
the problem as here laid down. 

1. The scheme must be compulsory; otherwise the bad personal risks against 
which we must always be on our guard would be certain to predominate. 

2. The (Scheme must be contributory, for only by exacting rigorously as a 
necessary qualification for benefit that a sufificient number of weeks* contribution 
shall have been paid by each recipient can we possibly hope to put limits on the 
exceptionally bad risks. 

3. With the same object in view there must be a maximum limit to the 
amount of benefit which can be drawn, both absolutely and in relation to the 
amount of contribution paid ; or, in other words, wo must in some way or other 
secure that the number of weeks for which a workman contributes should bear 
some relation to his claim upon the fund. Armed with this double weapon of 
a maximum limit to benefit and of a minimum contribution, the operation of the 
scheme itself will automatically exclude the loafer. 

4. The scheme must avoid encouraging unemployment, and for this purpose 
it is essential that the rate of unemployment benefit payable shall be relatively 
low. It would be fatal to any scheme to offer compensation for unemployment 
at a rate approximating to that of ordinary wages. 
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6. For the same reason it is essential to enlist the interest of all those 
engaged in the insured trades, whether as employers ovm workmen, in reducing 
unemployment, by associating them with the scheme botn as regards contribution 
and management. 

6. As it appears on examination that some trades are more suitable to be 
dealt with b^ insurance than others, either because the unemployment in these 
trades contams a large insurable element, or because it takes the form of total 
discharge rather than short time, or for other reasons, it follows that, for the 
scheme to have the best chance of success, it should be based upon the trade 
group, and should at the outset be partial in operation. 

7. The group of trades to which the scheme is to be applied must, however, 
be a large one, and must extend throughout the United Kingdom, as it is 
essential that industrial mobility as between occupations and districts should 
not be unduly checked. 

8. A State subvention and guarantee will be necessary, in addition to contri* 
butions from the trades affected, in order to give the necessary stability and 
security, and also in order to justify the amount of State control that will be 
necessary. 

9. The scheme must aim at encouraging the regular employer and workman, 
and discriminating against casual engagements. Otherwise it will be subject to 
the criticism of placing an undue burden on the regular for the benefit of the 
\rTegu\aT mernWre of tVic trade. 

10. The scheme must not act as a discouragement bo voluntary provision for 
unemployment, and for that purpose some well-devised plan of co-operation is 
essential between the State organisation and the voluntary associations which at 
present provide unemployment benefit for their members. 

Our analysis, therefore, leads us step by step to the contemplation of a 
national contributory scheme of insurance universal in its operation within the 
limits of a large group of trades — a group so far as possible self-contained and 
carefully selected as favourable for the experiment, the funds being derived 
from compulsory contributions from all those engaged in these trades, with a 
subsidy and guarantee from the State, and the rules relating to benefit being so 
devised as to discriminate effectively against unemployment which is mainly due 
to personal defects, while giving a substantial allowance to those whose unem- 
ployment results from industrial causes beyond the control of the individual. 

Is such a scheme practicable ? 

This is a question partly actuarial, partly administrative, and partly political, 
and it is, of course, quite impossible to discuss it adequately on an cjcasion such 
as this. 

[ may, however, say that so far as can be judged from such data as exist (and 
those data are admittedly imperfect and rest on a somewhat narrow basis), a 
scheme framed on the lines I have indicated is actuarially possible, at least for 
such a group of trades as building, engineering, and shipbuilding— that is to say, 
a reasonable scale of contributions will yield benefits substantial in amount and 
of sufficient duration to cover the bulk of the unemployment ordinarily met with 
in these trades. 

The administrative difficulties of such a scheme are, of course, great, 
but none of Uiese difficulties is, 1 think, insuperable if there be a general desire 
that the experiment should be made. Certainly the experience of the few foreign 
schemes which have broken down creates no presumption against success, for the 
failures have been quite clearly attributable to causes which would not operate 
in the case of a national scheme such as is now under discussion, especially if 
it were worked, as it naturally would be, in close connection with the new Labour 
Exchanges. 

Perhaps the most difficult administrative problem would be the adjustment 
of the scheme, so that while its benefits are not confined to workmen for whom 
provision is made by voluntary associations, it would yet operate so as to 
encourage the work of these associations, and not to undermine and destroy them, 
either by competition or detailed control. The problem, however, though difficult, 
is one for which a solution can assuredly be found if it be the general desire that 
a scheme shall be brought into operation. 
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The remaining question is one of high policy. What importance do we as a 
nation attach to the promoting indnstrial Rocurity by collective action? 

And what sacrifices are those interested prepared to make for such an object, and, 
in particular, to minimise the irregularity of working<cliuss incomes so far as 
affected by irregular demand for lalwur ? The final answer will depend not only 
on the general view taken of the relations of the individual and the State, and 
of the scope and limits of political action, but also on the relative weight 
attached to this particular object as compared with other objects which also 
have claims on public funds and energy. 


The following Papers were then read : — 

1 . The Price of Electricity. 

By Edward W. Cowan, M.lnst.G.E.^ M.Inst.E.E. 

In this paper the adoption of certain principles by the electrical industry as 
a basis for the charges made for electricity supply was criticised. 

A fundamental principle which the industry has established is that of charg- 
ing upon the basis of equal rate of profit from every class of consumer. This 
system has many advantages from a book-keeping point of view, and is a safe 
system which is also comparatively simple to administer. 

But the author argued that the ‘ equal profit ’ system fails in the attainment 
of the best economic results, because the factor of demand is ignored in such a 
system. The demand for electricity is of a composite character. It is a demand 
for light, for power, for heat, &c. The intensity of demand as between these 
various uses of electricity will be different ; that for light generally being greater 
than that for power, at a given price, and so on. As it will be admitted that the 
greatest economic advantage will be realised when there is the closest and widest 
possible correspondence between the incidence of supply and the incidence of 
demand, it must follow that adjustment of price of supply according to the 
intensity of demand in the case of each class would secure a. more efficient cor- 
respondence, and consequently a greater aggregate economic advantage. The 
difficulties in giving effect to a practical system of classified tariffs were dis- 
cussed, and it was shown by reference to the successful operation of the system 
in railway working and in other industries that these difficulties are not insur- 
mountable. It was also shown that electricity production for public supply is of 
the nature of a ‘ joint ’ production, and it was argued that, in so far as it is of 
that character, no separate part of the su^^ply can be regarded as having a 
separate calculable cost. Examples were given in other industries’ apparent 
anomalies in the separate prices of the component parts of a * joint ’ supply. It 
was shown that these prices, as to their relation to each other, are influenced by 
the intensity of demand for each part of the joint production, and the impos- 
sibility of ignoring this influence without great economic loss was pointed but. 

The adherence of electrical engineers to the ‘ equal profit * system was dis- 
cussed, they believing that such a system is ethically right, and that any classi- 
fication of prices according to the nature of demand would involve the introduc- 
tion of an 'unfair element into the business. 

The author contended that, when the conditions are analysed, it is found that 
there are no grounds for such a view, but that, from an ethical standpoint, classi- 
fication may be resorted to without any injury or lose to any class. The gain due 
to such a method was shown not to be a differential gain, but a specific gain 
which may be shared by all classes of consumers. Further, it was shown that 
the ‘ equal profit * system cannot be entirely justified from the ethical point of 
view, because certain injurious results may accompany its working; and the fact 
that the measure of advantage is arbitrarily restricted by the system can scarcely 
be justified, unless the practical difficulties of classification are such that its 
adoption is on that account undesirable. 

A diagram was given which depicted ‘ demand ’ characteristics for light, 
power, and heat, and also a ‘ cost of production * {plus a reasonable profit) charac- 
teristic. The aggregate demand at equal rate of profit from each class of con- 
sumer was plotted, and, with the arbitrarily selected elasticities of demand taken. 
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the aggregate demand is found to be 2*7 @ 2 price (for each class of supply). 
The effect of a ‘classified’ tariff was then shown, and, under the conditions taken, 
a price of 2 for electricity for light use, 0*S for power nsSfe, and 0*d for heating nse, 
it was found that the aggregate demand is increased from 2*7 to 6, and the mean 
price per unit reduced from 2 to 1*13, with the same percentage of profit. This 
diagram does not pretend to represent actual conditions, but it was presented for 
the purpose of demonstrating the operation of the principle of classification. 

The paper concluded with a reference to the practical import of the question 
at issue. It was pointed out that there is an immense potential demand for 
electricity for power and domestic heating and refrigeration, which could be 
rendered active by the sufficient lowering of price. 

Without attempting t'o measure the practical effect of a wise classification 
of tariffs, the author claimed that if any -economy can be realised by the system 
it is not right to ignore it or condemn it upon insufficient grounds. Though the 
economy may not be great, small price changes sometimes effect great altera- 
tions in the volume and channels of trade. 

An appendix dealt with the legal aspect of the question, the author holding 
that ‘ classified ’ tariffs would not be held to be illegal, as the clause in the 
Electric Lighting Act, 1882, which enacts that ‘ undue preference ’ shall not be 
given, was translated from the Railway Acts, and, as is well known, classification 
upon the basis of value of the goods carried, quite apart from the separate cost of 
transporting them, is practised by all the railway companies. 


2. India and Tariff Reform. By Professor H. B. Lees Smith, M.A. 

In this paper two subjects were discussed- (I) The Protectionist movement 
in India; (2) The Position of the United Kingdom under a Scheme of Preferential 
Tariffs with India. • 

(1) The Protectionist movement in India : — 

Public opinion in India overwhelmingly Protectionist. The Swadeshi move- 
ment. The effect of Indian nationalism upon Protectionist sentiment. The 
famine problem and the demand for diversity of industry. The infant industries 
of India. The influence of Protection upon the industrial conservatism of India. 
Examination of the chief Indian industries and discussion of the effect of Protec- 
tion upon them. 

(2) Position of United Kingdom under a Scheme of Preferential Tariffs with 
India : — 

Analvsis of imports into India from foreign countries of which a part might, as 
the result of a preference, be supplied by Great Britain. Corresponding analysis 
of imports into Great Britain from foreign countries of which a part might, as the 
result of a preference be supplied by India. Would a protective tariff for the 
United Kingdom lead to Protection for India? 


3. Economic Transition in India, By Henry Dodwkll, B,A, 

India is generally acknowledged to be in a state of economic transition, but 
the precise meaning of this term is not fully appreciated. Hence we inquire 

(1) What are the relatively permanent states between which India is moving? 

(2) What are the causes and effects of this movement? The movement is seen 
in the contrast between rural and city India. The rural village is self-sufficing, 
the cultivator has little or no capital, the economic functions of landlord and 
cultivator are not yet differentiated, a money economy is not yet completely in 
use. The economic inefficiency resulting is paralleled in ancient and mediaeval 
times in Europe. City India, on the other hand, is in an entirely different 
economic category, with its advertisements and competition, its joint-stock com- 
panies (native and European), its large accumulation of capital, banking and 
credit institutions, its factories and large-scale production, with a consequent 
wide demand for technical education. 

The existence side by side of these contrasts is a unique economic phenomenon. 
In Europe the development from primitive to more highly developed forms has 
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been organic and spontaneous; in India it is mechanical and from without. 
Economic transition in Europe is, and has always been, evolutionary : in India, at 
present, it is revolutionary. Railways constitute one solvent of disparity — ^they 
affect local prices, disorganise and readjust local production, and widen markets 
for Indian labour. The same has been true in Western countries, but in India 
the solvent is drastic, sudden, and abrupt. The transition is, therefore, marked 
by contrast and antagonism between the wholly novel and the immemorially old. 
This antagonism is seen in the resistance of caste and custom in the domains 
o? cav\ia\ development and XaVionr oTgamaation, and is iWustraied in the working 
of the factory Bystem in the few indiiBtrial contres. The only period in which 
Europe offered even faint analogies to modern India was that of the industrial 
revolution, but that was not nearly so sweeping as economic changes now in 
operation in India. 

The result is really temporary dislocation and disorder. The rapidly accumu- 
lating results of Western education, superadijed to more sudden introduction of 
new economic organisation, is really the root of Indian unrest. Had India been 
a European country or under the later rule of native princes, the result would have 
been chaos. The present great desideratum for India is, therefore, a period of 
rest in which to cad just herself leisurely and gradually to new conditions not of 
her own seeking, but imposed on her from without. 


FRIDAY, SFPTEMIiER 2. 

The following Papers and Report were read : — 

1. The Measurement of ProflL By Professof W. J. Ashley, M.Com. 

Profit is the one share in the distribution of wealth not, until very recently, 
subjected to statistical measurement, owing to the dearth of exact information. 
This information is now being furnished in increasing abundance, as a result of 
the adoption by business enterprise of the limited -liability joint-stock company 
form of organisation. Accordingly during the last decade considerable attention 
has been directed in Hungary and Germany to the statistical problem of the 
Rentahilitdt (profitableness) of investments; afid finally in 1908 the Imperial 
Statistical Office was charged with the duty of reporting annually on * The Busi- 
ness Results of German Joint-Stock Companies.* It was the purpose of this paper 
to give an account of the various attempts ol Continental stiitistician^ — beginning 
with the epoch-making work of Korosi — ^to define Crtwmn (gain or profit) from 
the two points of view of (n) the comp.anies and (h) the shareholders, and to 
disentangle the pertinent figures from company balance-sheets. It was shown 
that questions of statistical method are necessarily in this matter bound up with 
questions of economic principle. The paper ended with some observations as 
to the relation between the statistical results so far obtained and the doctrine of 
an average or usual rate of profit. 

1 »■ 

2. The Meaning of Income. By Professor Edwin Cannan, M.A., LL.D. 

As commonly conceived, income is undoubtedly a sum of moneys and here, 
as frequently elsewhere, economists have beep a little too hasty in transferring 
the namd from the sum of money to what they supposed to be the *real’ 
things which the sum of money only indicated. 

In ordinary life, * income * is commonly taken to mean something different 
from the total receipts in money of the income-receiver during a given period 
of time : both additions and subtractions are made. 

The annual value of a house inhabited by its owner is treated as a part of 
his income almost invariably; the annual value of free board and lodging 
and services sometimes is and sometimes is not so treated; no estimate of the 
annual value of services rendered by the State and paid for out of tehees is ever 
included. 
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Subtractions are always made for certain amounts of outlay considered to 
be necessary for obtaining the income, and then the income is what remains. 
The fact that tMs process is illogical, since we cannot decide what is necessary 
for obtaining the income till we know the magnitude of the income, is usually 
overlooked. The idea at the bottom of the process seems to be so to calculate 
income that persons should be able to spend their whole income in satisfying 
their periodical wants, and yet continue to be as well off (and no better) in the 
future as at the present moment. If they spend more than their income they will 
be worse off, and if they spend less (or * save *) they will be better off, provided, 
of course, that what they save \s weW mvesieu. 

The complete and systematic carrying out of this iaea is made difficult by the 
short and uncertain duration of life, and still more of working life. In calculat- 
ing incomes from most kinds of property we set before ourselves the ideal of 
permanence into an indefinite futurity, whereas in calculating incomes dependent 
on the life of the receiver we are content to think of his life alone ; and in calcu- 
lating incomes derived directly from labour we are content to consider quite short 
periods, such as a year, and do not even attempt to * smooth ’ the income over 
working life, nor to subtract cost of education and training. 

When statisticians compute ‘national incomes,* i.e., the total income of all 
the persons living on a particular area, they add together all three sorts of 
income. There is ordinarily a perpetual succession of life-annuitants and of 
workers, so that receipfs which are temporary to individuals may bo permanent 
enough to the ‘people of the country.* The total income derived fiom property 
is not a matter of simple arithmetic, nor even of elaborate accounting, but 
very largely a matter of mere speculation, as no man can really foresee the 
future, on which it depends ; but it may very likely be that errors in one direction 
balance those in the other, so that the total may come out more nearly right 
than a sum- obtained by any other method. It should not be forgotten, however, 
that the total income from property is calculated on the assumption that the 
number of owners will remain unchanged. It is not true that the fact that the 
whole of the inhabitants of an area are spending less than their aggregate income 
pro'^es that the whole of the inhabitants in the future will have more income 
per head from property. Whether or no must depend partly on the variation 
of population. 

Ek^nomists have assumed that the income in money represents the money 
value of certain commodities and services and additions to capital, which they call 
the * real income ’ ; but there is ^jio such separate set of commodities and services 
and things added to capital. Income can only be ascertained by valuation. Like 
other conceptions dependent on valuation, it is of little or no use in dealing with 
‘nations * and society at large- ^ It is not desirable to endeavour tc. change the 
meaning of the term by throwing out alterations of capital and applying it to 
material welfare actually enjoyed, since the term has at present a useful signi- 
fication in regard to individuals, and is required in dealing with distribution. 


3. Report on the Amount and Distribution of Income hdow the Income-Tax 
Exemption Limit . — See Reports, p. 170. 


4. The Trade Cycle and Solar Activity. 

By H. Stanley Jevons, M.A. 

The chain of causation connecting the trade cycle with oscillations of solar 
energy may be traced through the weather and harvests. The energy received 
by the earth from the sun, whether in the form of radiant heat or of electrical 
effects, oscillates in a period of variable length, averaging about 3*6 years. 
Meteorologists have shown that there is in many localities a very marked varia* 
tion of atmospheric temperature and pressure in the same period, which is a 
partial measuro of an actual climatic variation, making the weather alternately 
favourable and unfavourable to the harvests. Statistics of crops show that the 
alternation Is {n oppoait^ Pfinsea in regions of continental and oceanic climate 
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Teapectively, harvcssis being abundant in cont\nenta\ arcaa viben tViay taV\.\T\\atvda 
bordering the ocearie. Compensation is incomplete, however, hecauee the cul- 
tivated area of continental regions now greatly exceeds that of the oceanic terri- 
tories. The grand total of the world’s agricultural produce varies, therefore, 
from year to year, sometimes probably by more than 10 per cent. Good har- 
vests recur in the continental areas every three or four years, and they have a 
predominating influence on the world’s trade. 

Abundant harvests stimulate trade through five channels : (1) Increased 
demand of the agricultural classes for manufactured goods of all kinds ; (2) the 
cheapening of food, which means greater purchasing power for all classes ; 
(3) the decreased cost of the raw materials of many industries ; (4) the increase of 
credit which results from the increa.se of wealth, and starts a general rise in 
prices; (5) the increase of free capital which, in conjunction with the foregoing 
effects, greatly stimulates the demcand for materials of construction. Many ex- 
porters are well aware of the close dependence of their trade on the harvests 
of the countries they deal with, and the facts can be demonstrated statistically. 
Most striking is the close relation between the output of pig iron and the total 
agricultural production in the United States. 

The trade cycle consists of four periods — depression, expansion, hoovij collapse. 
— constantly recurring. Prices, railway earnings, and total foreign trade are the 
best indices of the phase of the cycle. The collapse of prices is usually the most 
definite feature, and where credit organisation is defective it sometimes causes 
a financial crisis. 

The dates of collapses are ascertainable definitely from 1772 on, and with 
great probability from 1695. They occurred in the following years : 1696, (1702), 
(1712), 1721, 1732, (1743), (1753), (1763), 1772, 1783, 1793, 1796, (1811), 1815,' 
1825, 1836, 1839, 1840, 1857, 1866, 1873, 1883, 1890, 19(K), 1907. There is some 
doubt as to whether the collapses indicated by parenthe.ses might not be put one 
year earlier ; but they could not go later. These trade cycles mciy be grouped 
according to their length,, under the first and second suppositions as to the dates 
in parentheses, as follows : — 

Length of cycle in years . . 3 4 5 6 7 8 9 10 11 12 13 14 15 

Dates as above . . . .21014047 4000 1 

Dates in parenthesis taken one I 20204 OIIO 4 0 0 1 0 

year earlier . . . J 

I 

The clustering round 3, 7, and 10 years is significant. If ir represents a 
short period, about 3^ years in length, it is evident that the trade cycle may bo 

2 ir, 3ir/ or even 4v. The whole period 1696-1907 is 62ir, and this gives 
3*4 years as the average length of w. The discrepancy between ihi^ figure and 
3*6 requires investigation ; but the meteorological period is determined from only 
40 or 50 years’ observations. The fact that 7-year cycles are becoming more 
frequent relatively to 10- or 11-year cycles is explainable on economic grounds, 
because supply responds more rapidly now to altered demand. 


. 5. Co-operative Credit Banks, By Henry W. Wolff. 

The concentration of banking business in a limited number of groat joint- 
stock banks has to a large extent destroyed that convenient occasional personal 
credit which private bankers gladly gave, and were in a position to give, because 
they were in close touch with borrowers and aware of their doings. Large joint- 
stock banks are in a different position, and they have a more lucrative use for their 
money. It has been proposed to supply the want created, which is felt in many 
quarters, by the formation of a distinct kind of bank, formed for such special 
purpose, likewise on the joint-stock principle. Such schemes, however, offer 
little promise of abiding remedy, since experience shows that all such banks, 
once they find themselves strong enough to do so, desert their original path for 
more remunerative business. The crux of the question lies in the shareholder’s 
natural desire for dividend. If the potential borrower is to be helped with a 
certainty that such lielp will be forthcoming and endure, the quest of profit must 
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go\i rid oi and \iVia prVnc\p\a oi coinTA.on ftarvica Tnn«\i 
years* experience in hundreds of co-operative banks abroad, however, shows that 
this can be done with excellent effect. It has also shown that ordinary bankers, 
having advisedly given up this particular province of business, have nothing to 
apprehend from co-operative banks. The organisation of co-operative banks was 
explained. It was shown that they do not stand in need of a large share capital, 
but can very well attract the requisite funds by good business methods, so as to 
be able to boast that they send no legitimate claimant empty away. As an instance, 
the case of the Banque Popttlaire of Mentone was cited. Concluding remarks 
reviewed the applicability of the system to the circumstances of this country. 


6. A Note on the Social Interest in Banking. By F. Lavinqton. 

In a modern industrial society dispensation from a central controlling authority 
is obtained by the operation of the principles of specialisation and exchange, which 
serve to reconcile, in part, the interests of the individual and the group by making 
the earnings of the one dependent upon his service to the other. The reconciliation 
is complete only where — 

(1) Competition operates freely. 

(2) In the adjustment of resources returns are maximised over a long period, 
so that the good and evil in the methods employed do not fall outside the period 
considered. 

(3) The organisation evolved does not contain defects which competition does 
not tend to eradicate. 

It is maintained that the high social cost of the two banking services — the 
transport of capital and the provision of currency— do not imply the existence 
of monopoly power, and that the far-seeing policy of the banks involves no 
social evils in its application. 

The typo of organisation contains the defect of rigidity which tends against 
the ideal distribution of capital, partially excluding certain classes from its use. 
It is however well suited to provide a currency, and is adapted to undertake a 
currency policy which would restrict fluctuations in general prices. 

The inquiry of supreme interest — that of measuring the divergence between 
the directions of self-interest and social material welfare — goes to show that 
there is in banking an exceptionally close parallelism between the two. 


MONDAY, SEPTEMBER 5. 

The following Papers were read : — 

1. The Fundamental Implications of Confliding Systems of Public Aid. 
By Professor S. J. .Chapman, M.A., M.Com. 

Two systems are sometimes contrasted : («) that of distribution of relief 
according to desert and (b) that of distribution of relief according to economic 
and social need. This contrast does not, however, lie at the root of the present 
controversy. There are two schools of thinkers among those who accept the second 
system, and the dividing line between these schools is determined by particular 
beliefs or expectations with reference (1) to the nature and magnitude of the social 
reactions which would follow the pursuit of different policies in the dispensation of 
public aid and (2) to the desirability or otherwise of these reactions. It is the 
existence of these divergent beliefs or expectations which has caused disagreemimt 
to define itself in relation to what might ^ termed the three principles of (a) defer- 
ment, iP) less eligibility, and (y) the unity of the family. The policy recommended 
by those who are most apprehensive about these reactions involves hardship to 
|ome persons whq are reduced to distress, but this hardship they hope to minimise 

;91Q. Y Y 
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by the thoroughgoing adoption of the principle of indu'idualising. But the 
policy of their opponents also involves hardship to some in that compulsion is one 
of it-s integral elements. Disagreements between the two schools are brought into 
high relief when the population question is taken into account. 

It is easier to decide what wS desire with respect to the relation of the State 
to the course of our individual lives than to determine which of the two bodies 
of sociological doctrine (outlined in the paper) approximates closer to the truth. 


2. Tho Poverty Figures. By Professor D. H. Macgreoor, M.A. 

Our estimate of the amount of poverty in England is based upon three 
inquiries — those of Booth, Bowntree, and Ohiozza Money. 

The last of these is a national inquiry, based upon income-tax statistics. 
Defining the * poor * as those who do not pay income-tax and have less than 
160^. a year, Mr. Mone;^ finds they number 39,000,000 people, or nine-tenths 
of the population. But since the average family income is only 200Z. per annum, 
we can scarcely take 160/. as indicating the limit of real distress, unless we 
admit th.at we are a poor nation on the whole. It is better simply to say that 
nine-tenths af the people do not reach the level of 160/. a year. 

The inquiries of Booth and Rowntree are local and deal more especially with 
poverty in the sense of distress. It is on the basis of these inquiries that the 
statement is commonly made that one-third of the nation— or about 14,000,000 
people— is living in real poverty. This statement has been so exploited by 
both political parties that it has passed into the current coin of social discussion. 

As these local inquiries are only two, no national inference ought to be 
made from them, unless the convergence of their results is very close. It is 
usually thought that this is the case. My purpose is to show, on the contrary, 
that there is an extremely great divergence, and that it is time to protest against 
what is at least a groat misconception. 

I do not wish to question the separate results of the two inquiries. I accept 
it as fact that Mr. Booth found 31 per cent, of poverty and 8*4 per cent, of 
great poverty in London ; and that Mr. Rowntree found 28 per cent, of poverty 
and 9.9 per cent, of great (or primary) poverty in York. 

My aim is to show first that their definitions of poverty are so different that 
simply to compare the numerical results — ^28 and 31 per cent. — ^is out of the 
question ; s^ond, that when the inquiries are reduced to the same basis the 
results are so extremely divergent that the;^ must be left in their, separateness 
for the present. 

First, then, what did Booth count? He tells us very distinctly that by a 
poor family he moans one whose income is not more than 21s. a week ; and that 
a ‘ very poor * family is one having not more than 18s. a week. It is purely and 
entirely an income test, which he himself calls ‘ arbitriiry.* About 31 per cent, 
of the people in London have up to 21s. a week, including 8.4 per cent, who 
have less than ^ 18s. a week. But where Booth counted one thing Rowntree 
(rounted two things. He first counted primary poverty — which means incomes 
of not more than 21s. 8d. a week — and of this he found 10 per cent, in York ; 
rnd then he proceeded to count secondary poverty, which is a question not of 
income but of expenditure, and which Booth did not count at all. Of this 
there was 18 per cent. — much the greatest part of York poverty. It is clear, 
therefore, that if anything is to be compared with Booth's 31 per cent, of 21s. 
incomes it is Rowntr^'s 10 per cent, of 21s. 8f/. incomes ; and that' to compare 
the two gross results is absurd. It is as if Booth had counted red-haired people 
and Rowntree fair-haired people. 

Second, let the two inquiries be reduced to the same basis. How much of 
Rowntree's poverty is there in London and how much of Booth’s poverty in 
York? Fortunately it is possible to find this out on the data of the two books. 
The number of people in York who do not earn more than 21s. a week is, 
according to a table of Rowntree’s, 8^ per cent. We have thus got a more 
exact comparison. In the same way we can find from Booth’s book that the 
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total amount of ‘ primarjr and secondary * poverty in London is at least 48 per 
cent., and‘ is almost certainly over 50 per cent, of the people. So that, as soon 
as we reduce to the same definition for both cases, we get the most opposite 
results. What else was to be expected from a comparison of a provincial city 
with the greatest centre of casual labour in tne world ? The opposition of the 
results is still more striking when allowance is made for the difierent costs of 
living in the two places. When this is done the York figure which corresponds 
to Booth’s 31 per cent, comes down from 8^- to 3 per cent. 

We get the conclusion, therefore, that of poverty in Booth’s sense of the 
word there is 3 per cent, in York (corrected for cost of living), or 8^ per cent, 
(uncorrected), against 31 per cent, in London; and of poverty in Rowntree’s 
sense there is 28 per cent, in York and (when corrected) over 60 per cent, in 
London. No national inference is possible from results like that. The state- 
ment that the numbers of our people who are living in poverty is, or approxi- 
mates to, 31 per cent, is not based on evidence which bears scrutiny. The 
numbers may be either much greater or much less than that. We need far more 
evidence on a uniform definition of the thing inquired into. 


3. Production and Vnem'ployrmnt. By Miss Grier. 

The word ‘unemployment* is too comprehensive to be definite. There are 
innumerable grades among the ‘unemployed* as among the employed. Unem- 
ployment is due partly to industrial maladjustment, caused by want of fore- 
sight on the part of employers and employed, and partly to lack of industrial 
qualities among tho employed and unemployed. It would only be possible 
entirely to avoid unemployment by perfect adjustment of the supply of (i) dif- 
ferent kinds of goods and services to the demand for them, and (ii) different 
kinds of labour needed in production. 

The abolition of the demand for intermittent labour would leave no alternative 
between regular work and destitution. This would have a ‘ deterrent ’ effect, but 
would not increase the general demand for labour, except in so far as it increased 
production. Increased production increases the possibility of employment but 
also the possibility of unemployment. To reduce unemployment it is not so much 
necessary to increase total production as to increase the value of the work of 
those who tend to become unemployed. Increased production on the part of low- 
grade workers is useless unless thrir number is limited. The demand for their 
cervices is apt to be inelastic. The need for greater adaptability was insisted 
upon and remedies were suggested. 


4. Under-employment and the Mobility of Labour. By J. St. G. Heath. 

A study ojf the census returns of occupations for 1891 and 1901. Definition of 
economic transformations. Dislocations which take place in a particular industry 
through changes in demand, or through the substitution of new and cheaper 
factors of production, such as machinery, women, and juvenile labour. Effects 
of economic transformations upon adult male labour. 

Attempt to estimate tho effects by observing the changes in occupations 
between 1891 and 1901 as shown in the census returns. 

Criticism of previous attempts of Mr. Booth and Mr. Beveridge. 

Both have taken a single census report. Two census reports required. All 
those who were returned as occupied in 1891 between the ages 25-35, with 
the exception of those who have died or retired, will be found in the age group 
35-45 ten years later, and so with the other age groups. 

Table I. shows certain main orders of occupations in the census reports for 
1891 and 1901. 

Y Y 2 
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Table II. shows certain sub-orders where during the ten years apparently 
many men over twenty-five have been displaced, and where there is also apparently 
an excess of youths. 

Table II . — Children and Dislocation. 
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Table III. shows certain sub-orders where women have increased faster than 
men, and where men over twenty-five have been displaced. 

Table III . — Women and Dislocations. 
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Table IV. shows certain industries where many men between the ages ^-35 
have apparently entered the industry during the ten years' interval, in addition 
to those who have moved up from the age group 15-25. 


Table lY.—UnwaUed Industries. 
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pied males be- 
tween 10 and 20 to 


181% 

170 

C*G 

4*7 

12'7 

8*9 

24*2 

18*3 

3*9 

total moles occu- 1 
pied . . j 











Total males occupied 

i 










in age groups tak- 


1891 1901 

1901 

1901 

1901 

1901 

1901 

1901 

1901 

1901 

ing each age in 


15-26 100 









1891 as 100 and 


25 35 100 96-9 

169-3 

248*0 

404*4 

145*4 

188*4 

111*1 

103*2 

298*1 

taking the number 


36-46 100 92*3 

104*3 

170*7 

286*2 

106*7 

127*0 

111*8 

91*2 

136*3 

who remain 10 


45-56 100 85' 3 

91*6 

137*2 

252*2 

91*2 

98-8 

98*3 

86*6 

99*4 

years later in 1901 


55-G6 100 70-8 

72*3 

09*7 

220-2 

76*2 

72-8 

78*6 

74*2 

79*1 

as a percentage of 
that . . . > 

1 ' 

1 

66-76 47-6 

42*7 

61*1 

149-7 

45*1 

47-0 

48*8 

52*4 

60*7 


The industries of England may be roughly divided into two groups which 
we will call the walled and unwalled. In the walled industries, such us those 
in Tables JT. and III., previous training is needed, and entrance after the age 
of twenty-five is abnormal. In the unwallcd industries little or no previous 
training is needed. Entrance into them after twenty-five years of age is very 
common. In Table IV. wo have instances of unwalled industries, and also in 
Table I. numbers VI., XII., Xlll., and XXI. 

It is these same unwalled industries which, according to the Poor Law report, 
suffer most ffom under-employment and casuaj labour. 

It may be conjectured that many men, thanks to economic transf<)rmation8, 
are driven out of the walled industries and find refuge in the unwalled. 

Surplus pools of labour are found in the uiiwalled industries, not because 
of competition, but because a surplus supply of labour finds refuge in such 
unwallcd industries when displaced from the walled. 

Belation of this theory to that of Mr. Beveridge. 

Connection between boy labour and the under-employment of adult male 
labour. 


TUESDAY, SEPTEMBER 6. 

The following Papers were read : — 

1. Notes on the History of Sheffidd Wages. By George Hy. Wood, F.8.S. 

The paper reviewed the course of wages in various trades in Sheffield with 
the object of pointing to the gaps in the information and of urging that an 
investigation should be made into the history of wages in Sheffield, p^icularly 
in those trades which, like file-making and cutlery, may be regarded as particular 
to the locality. 

The course of wages in certain staple trades carried on in Sheffield has been 
(1883=100) 
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— 

Puddlers 

Coal 

Hewers 

Building 

Furnish- 

ing 

Printing 

Engineer- 

ing 

Weighted 

Average 

Weights 

1 

1 

4 

1 

1 i 

3 

U 

1836 


■ 



- 

84 



Circa 








1840 

87 

67 

— 

— 

94 



78 

1850 

93 

67 

76 

— 

9t 



78 

1855 

125 

86 

83 

— 

94 

73 

86 

1860 

100 

82 

83 

— 

94 

73 

82 

1866 

i 118 

, 92 

93 

83 

i ti4 

84 

92 

1871 

110 

89 ' 

93 

86 

94 ' 

85 

92 

1874 

145 

134 

101 

97 

100 

94 

106 

1877 

103 

96 

108 

103 

100 

97 

102 

1880 

107 

91 

103 

100 

100 

91 

98 

1883 

100 

100 

100 

100 

100 

100 

100 

1886 

96 

91 

101 

100 

100 

100 

99 

1891 

100 

127 

105 

106 

107 

101 

106 

1896 

91 

118 

109 

106 

107 

102 

106 

1900 

128 

133 

116 

103 

107 

107 

114 

1906 

113 

118 

116 

107 

114 

108 

113 


Comparisons were made of the course of wages in the trades in ShefFiehl willi 
the course of the same trades in the United Kingdom, and of the. ' weighted 
average ' compared with the course of wages in the chief industries of the country 
taken together, the latter comparison being as follows : — 

im) ’55 ’60 ’61 ’71 ’74 ’77 ’80 ’83 ’86 ’91 ’96 1900 ’06 
United Kingdom . 56 65 64 74 77 87 85 82 84 83 91 91 100 101 
Sheffield . . 68 75 72 81 81 93 89 86 88 87 93 93 100 99 

The course of wages in Sheffield as indicated by the trades considered is very 
similar to t^e courje of wages in the United Kingdom, but wages in Sheffield 
have not advanced by so great a percentage in half a century. 

There are a large number of trades mainly located in Sheffield, but for none of 
these is the information self-consjstent. The records for the file and saw trades are 
examined as examples, and the writer urges that, as the evidence points to the 
course of wages in these trades having differed so greatly from that of wages in the 
great industries of the country, an investigation specially directed to filling the 
gaps in the information and solving the difficulties should be undertaken. 


2. The Teaching of Economics in University Tutorial Classes. 

By A. Mansbridoe and E. H. Tawney. 

The growth and extent of the tutorial class movement was considered. (In 
1907-08, two classy with sixty members; in 1909-10, thirty-nine classes with 
1,117 members; estimated in 1910-11 seventy classes with 2,000 members.) The 
organisation, 'procedure, and membership of classes were illustrated by some 
typical instwees. The chief points to be remembered in connection with the 
classes by a teacher of economics are (a) that the classes consist entirely of adults, 
(6) that they have considerable practical experience of economic problems, and 
(c) the students* previous reading and motives for attending the class. Hence 
there is usually a more or less definite method of approach in the students’ minds, 
e.g., attention is concentrated on the effect of legal and economic institutions 
rather than on the motives of individuals; economics are treated as part of general 
political science; there is a tendency to emphasise * short run’ effects rather 
than *long run’ effects as more important to the manual worker. As to the 
curriculum, a good deal of attention should be given to economic history as an 
introduction to economic theory and modem problems; the economic theory is 
best treated comparatively; thMries are better than theory; the importance is 
insisted upon of explaining chief sources of information (statistical and others), 
and methods of investigating practical probleme. As to method pursued in classee. 
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the authore dealt with the free use of question and answerj of special knoiidedgi 
poBsessed by students, and of blackboaid diagrams. What is wanted le emphatic- 
ally not lecturing but teaching which will make use as far as possible of the 
students* experience. The character of the work done was discussed. The main 
difficulties are the practical ones of overtime and unemployment. 


dt Statistics of Cotton Mill Accidents* By H. Verne Y. 

If the curve representing the fluctuations in the annual number of acmdents 
occurring in connection with cotton spinning machinery be compared with that 
representing the consumption of cotton, which may be taken to be a rough index 
of the varying activity of employment in cotton mills, both being on the 
logarithmic scale, it is seen that, after 1900, the fluctuations in the two curves 
agree closely, except that the amplitude of the fluctuations in the accident curve 
is from two and a half to three times as great as that of the consumption curve; 
that is to say, when trade expands, accidents increase two and a half to thr^ 
times as fast, and -rire versa. TVvis is wYkat migVvt ivav© "been expected. TViere is 
a normal accident rate corresponding to normal activity of employment in the 
mills. When trade becomes brisk, managers exert themselves to increase the 
output of the mills; Ihe time allowed for cleaning the machinery while it is 
stopped is curtailed; new and inexperienced hands are taken on; and in many 
such ways th(; liability to accident is increased. On the other hand, when trade 
is slack, there is little ‘driving*; there is not the same incentive to clean the 
machinery while it is running. If any hands have to be discharged it is the 
incompetents who go, and the rest may be put on short time. In all these ways 
the liability *to accident is reduced. 

Before 1900, however, the two curves differ from each other mainly in the 
upward slope of the accident curve. The continuous increase in accidents which 
this upward slope would indicate is largely fictitious, and is due to progressively 
improved reporting, acc>elerated and completed by the action of the Workmen’s 
Compensation Act, 1897, which came into force in 1898, and may be supposed to 
have produced its full effect in this direction by 1900. 

Other accidents than those occasioned by machinery occur tin cotton spinning 
mills, but these are the more important and include the bulk of the preventable 
accidents. In 1907, 2,989 were reported, the number of workpeople in that year 
l»eing 239,000, giving an accident rate of 1*26 per cent, for cotton spinning; for 
(rolton weaving the rate was 0’29 per cent. ; for \ho whole trade 0'69 per cent. 
That is, out of every thousand cotton operatives, 993 might have expected to work 
a whole year without sustaining any accidental injury sufficient to keep them 
away from work for one day, that being the efiterion of absence in force in 1907. 
These figures are even more remarkable than the^ appear, for no less* than 83 per 
cent, of these accidents gave rise to slight injuries only, t.e., such as ought 
not, with proper attention, to keep the injured person away from work for longer 
than about three weeks. The fatal accidents are extremely few. In 1907 they 
numbered thirty-seven in spinning and twelve in weaving. 

As to causation, it was found that 26 per cent, of the accidents reported in 
1909 as having occurred in connection with cotton spinning machinery were purely 
accidental and unpreventable, and that 37 per cent, were due to the practice, 
almost conflfned to the cotton trade, of cleaning the machinery while ^ is working, 
fifty per cent, of the accidents were due to the negligence of the injured person 
alone, negligence which in 6 per cent, of the cases could only be described as 
gross. In all, 68 per cent, of the machinery accidents were due to negligence. In 
only 5.2 per cent, of the cases was there any contravention of the Factory Acts. 

As to the non-machinery accidents, which are about as numerous as those due 
to machinery, the enormous majority, 98 per cent., are not more than slight. 
They are largely due to falls, knocking the hands against hard objects and sharp 
corners, cuts, scratches, and so on ; and most of them may be placed in the category 
of the purely accidental and unpreventable. 


Joint Discussion with Sub-section B (Agriculture) on the Magnitude of 
Error in Agriculiural Ex'periments.-Stcc p. 687 . 
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Section G.— ENGINEERING. 

President of the Section. — ^Professor W. E. Dalby, M.A., M.Inst.C.E. 


THURSDAY, SKPTKHBKK 1. 

The President delivered the following Address : — 

British Railways: Some Facts and a Few Problems, 

It is remarkable how few among us really realise the largo part that railways 
play in our national life. How many of us realise that the capital invested in 
the railway companies of the United Kingdom is nearly twice the amount of the 
national debt; that the gross income of the railway companies is within measurable 
distance of the national income ; that to produce this income every inhabitant of 
the British Island^ would have to pay annually 31. per head ; that they employ 
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Fig. 1. 

over six hundred thousand people ; and that about eight million tons of coal are 
burnt annually in the fire-boxes of their locomotives ? 1 hope to place before you 
in the short time which can be devoted to a presidential address a few facts 
concerning this great asset of our national life and some problems connected 
with the recent developments of railway working— problems brought into exist- 
ence by the steady progress of scientific discovery and the endeavour to apply the 
new discoveries to improve the service and to increase the comfort of the travel- 
ling public. 
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A great deal of interesting information is to be found in the Railway Returns 
issued by the Board of Trade. I have plotted some of the figures given, in order 
to show generally the progress which has been made through the prears, and at 
the same time to exhibit rates^of change of various quantities m comparison 
with one another. 

Consider in the first place what the railways have cost the nation. This is 
represented financially at any instant by the paid-up capital of the companies. 
The total paid-up capital in 1850 was 240 millions sterling. In 1906 this amount 
had increased to 1,310 millions. The curve marked * Total * in fig. 1 shows the 
total paid-up capital plotted against the year. It will be noticed that the 
increase per annum is remarkably regular up to about 1896 and is at the rate of 
not quite 100 millions per annum. After this date the capital increases at a 
somewhat greater rate, but in 1900 the rate drops with a tendency to a gradually 
decreasing value. Part of the increase immediately after 1896 is, however, due 



Fig. 2. 

to nominal additions to the capital. The extent to which this process of watering 
the stock has been carried is indicated over the period 1898 to 1906 by the 
curve A B. In the year 1908 the nominal additions to capital tamounted to 
196 millions of pounds. 

Curves are also plotted showing the amounts of the different kinds of stock 
making up the total. It will be noticed that the ordinary stock is a little over 
one-third of the total paid-up capital in 1908— viz., 38 per cent. In 1870 it was 
about 43 per cent. 

The lower curve on the diagram shows the gross receipts, which amounted to 
120 millions of pounds in 1908. The dotted line indicates the net revenue after 
deducting from the total receipts the working expenditure. This, for 1908, was 
43^ millions, corresponding to 8'32 per cent, of the total paid-up capital. If the 
net receipts are reckoned as a percentage of the paid-up capital after deducting 
the nominid additions the return is increased to 3.9 per cent. These figures prac- 
tically represent the average dividend reckoned in the two ways for the year 1908. 

Fig. 2 shows by the upper curve the number of miles open ior trafiic plotted 
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Against the year. This curve indicates great activity of construction during the 
period 1850 to 1870, with a regular but gradually decreasing addition of mfleage 
from year to year afterwards. 

At the end of 1908 there were 23,205 miles open, corresponding to 53,669 miles 
of sinele track, including sidings. Of this, SS per cent, was standard 4 feet 
84 inches gauge, 12*3 per cent. 5 feet 3 inches, and 2*2 per cent. 3 feet gauge. 
The remainder was made up of small mileages of 1 foot 11^ inches, 2 feet 

3 inches, 2 feet 4 inches, 2 feet ^ inches, 2 feet, 2 feet 9 inches, 4 feet, and 

4 feet 6 inches gauges. 

The two lower lines of the diagram show respectively the number of passengers 
carried and the tons of goods carried from year to year. 

^ The curves of mileage, passengers carried, and goods carried increase regularly 
with the increase of capital, indicating that up to the present time the possibility 
of remunerative return on capital invested in railway enterprise in this country 
is not exhausted. It is true that there is a maximum of goods carried in the year 
1907 ; but the sudden drop in the curve between the years 1907 and 1908 suggests 



that the drop is only of a temporary character, and there is every reason to believe 
that the curve will resume its upward tendency with time. In 1908 the railways 
of the United Kingdom carried 1,278 millions of passengers, exclusive^tof season- 
ticket holders; and 491 million tons of goods; the quantity of goods carried ki 
1907 was nearly 615 millions of tons. It is curious that very approximately the 
companies carry per annum one passenger and about 0*4 ton of goods for every 
pound sterling of paid-up capital. 

The proportion of the gross receipts absorbed in carrying out this service is 
Ahown by the upper curve of fig. 3. The proportion has increased, on the whole 
regularly, from 47 per cent, in 1860 to 64 per cent, in 1908. 

The lower curve shows the net receipts as a percentage of the paid-up capital. 
From 1899 onwards the curve ab shows the net receipts reckoned on the paid-up 
capital exclusive of the nominal additions. It will be observed that the net 
receipts have not declined more than half a per cent, since 1870, notwithstanding 
the increase in working expenditure. 

Fig. 4 indicates the cost of working the traffic calculated in terms of the train- 
mile, no data being available regarding the actual work done as represented by 
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the ton-mile or the passenger-mile. In some respects tlw train-B^e fa tto 
way of comparing costs, because when a train fa mnni^, wlmUiw it is fuU or 
empty I the same service most be performed by the majority of the departments. 
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The curves bring out clearly that the proportion of the total expenditure per 
train-mile absorbed by these several services remains fairly constant over a 
series of years. To the right is exhibited the average for the four years 1905 to 
1908. The figures are also reproduced in the following table : — 


Table L 


Average Working Costs per Train-mile of the Railways in England and 
Wales taken over the Years 1905 to 1908. 


Locomotive power ...... 

Bepairs and renewals of carriages and waggons 
Maintenance of permanent-way 

Traffic expenses 

General charges 

Bates and taxes 

GovOTnment duty .... 

Compensation .... . . 

Legal and miscellaneous .... 


Pence per train-mile. 
. 1207 
3*60 
6*37 
. 12*78 
1*68 
3*05 

. „ 0*22 
0*47 
1*39 


Total .... 41*63 


Locomotive power absorbs an amount about equal to the traffic expenses; and 
companies actually pay in rates and taxes a sum nearly equal to the whole amount 
required to maintain the rolling-stock in an efficient state. 

To the right is shown a scale the divisions of which represent an amount 
estimated in pence per train-mile corresponding to 1 per cent, of the average 
dividend. This shows that if the whole of the locomotive power could be 
obtained for nothing, the average dividend would only be increa«^ by 1) per 
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cent. Beckoned on the ordinary stock alone, however, the increase would be 
about three times thu amount. 

It may be of interest at this stage to compare the financial position and the 
cost of the working of railways in their earlier days with the state of things now. 
For this purpose tho position of the old London and Birmingham Railway is 
compared with the position of the London and North Western Railway, the 
system into which it hae grown. The years selected are 1840 and 1908. 

1 have taken out the cost per mile of working the traffic of the London and 
Birmingham Railway from some accounts given in Winshaw’s 'Railways.’ The 
details are grouped somewhat differently in the list just given, but in the main 
the various items may be compared. 

The number of train-miles on the London and Birmingham Railway recorded 
for the year January to December, 1839, is 714,998. The accounts given are for 
the year June 1839 to June 1840. The mileage record is thus not strictly com- 
parable with the expense account, but it may be regarded as covering the same 
period with sufficient accuracy for our purpose. 

The costs work out as follows : — 

Table II. 

Coat per Train-mile for the Year ending June 1840, London and 
Birmingham Railway. 

Fence per mile. 


Locomotive power 23*2 

Maintenance of way 27*2 

Traffic expenses, including repairs to waggons . 25*9 

General charges, including legal charges 4*6 

Rates and taxes 4*5 

Government duty 7*65 

Accident account 0*36 

Total .... 93*30 


The receipts amounted to 231d. per train-mile. Hence the working expenditure 
was 40 per cent, of the gross receipts. 

The gross receipts for the year ending June 30, 1840, were 687,104f., which, 
after deducting charges for loans, rents, and depreciation of locomotives, ^car- 
riages, and waggons, enabled a dividend of 9^ per cent, to be paid oi. the ordinary 
stock. 

There are two noteworthy facts in these old accounts. First, the allowance 
for depreciation on the rolling-stock of nearly 4 per cent, of the receipts. 
Secondly, the fact that the cost of working the traffic is given per ton-mile. This 
method of estimating the cost of working has gradually fallen into desuetude on 
British railways. One company only at the present time records ton-mile statis- 
tics. Quite recently (in 1909) the committee appointed by the Board of Trade to 
make inquiries with reference to the form and scope of the accounts and statistical 
returns rendered by the railway companies under the Railway Regulation Acts 
have had the"* question of ton-mile and passenger-mile statistics under consideiU- 
tk>n. There was considerable difference of opinion concerning the matter, and 
in the end the committee did not recommend that the return of ton-mile and 
passenger-mile statistics should be made compulsory on the railway companies. 

Returning to the London and Birminghmn Railway accounts, the actual figures 
given by Mr. Bury, the locomotive engineer, were, for the year ending December 
1839:— 

Paaaenger Trmna. — Ton-miles, 21,169,796, giving an average of 642,633 ton- 
miles per engine at 0*86 lb. of coke per ton-mile costing 0*17d. 

Oooda Traina. — 17,627,439 ton-miles, giving an average of 684,247 per engine 
at 0*67 lb. of coke per ton-mile costing ()*llil. per ton-mile. 

Table III. shows various amounts and quantities in comparison with one 
another. Beneath the actual figures are placed proportional figures, the London 
and Birmingham item being in every case denoted by imity. 
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Table III. 

Comparison of Capital, Receipts, Miles Open, Train-miles, and Cost of Working 
between the London and Birmingham Railway for the Year ending June 1840 
and the London and North Western Railway for the Year ending December 
1908. 



Stock and Share 
Capital 

Lonns and 
Debentures 

Total 

Gross 

Receipts 

L. & B. Ry., 
1840 .... 

L. & N. W. 
Ry., 1908 

£ 

3,125,000 

85,861,760 

Interest 
per cent. 

n 

6 

app. ave- 
rage on 
aU types 
of stock 

£ 

2,125,000 

39,176,374; 

Interest 
IKjr cent. 

3 

average 

£ 

5,250,000 

125,037,134 

£ 

687,000 

15,515,334 

L. & B. Ry., 







1840 .... 

1 


1 


1 

1 

L. & N. W 







Ry., 1908 

27*5 


18*4 


24 

22*6 



Miles OiM'ii ill 
Equivalent 
Single 'I’rack 

Train-miles 
Uun ^ 

Rticeifits per 
'rrain-inile. 

Cost of 
Working per 
Train-mile 

Expenditure 
to Gross 
Receipts 
])cr cent. 

L. & B. By., 
1840 .... 
Lw & N. W. 

250 

714,998 

231 pence 

93 pence 

40 

By.,1908 

5,406 

48,732,644 

76^ „ 

50 ,. 

65 

L. A B. Ry., 
1840 .... 
L. & N. W. 

1 

1 

1 

1 

1 

Ry., 1908 

21*6 

08-3 

i 

0*33 

0*54 

1*62 


The comparison brings out some curious facts. For instance, it will be noticed 
that the gross receipts of the London and North Western Railway in 19(^ were 
twenty- two and a half times as much as those of the London and Birmingham 
Railway in 1840, and that the track mileage open was about twenty-two times as 
great. The money earned per mile of track open is thus practically the same after 
a lapse of seventy years. To earn the same amount per mile of track open, how- 
ever, the trains of the London and North Western Railway had in 1^ to run 
68*3 time& the number of train-miles that the trains of the London and Birming- 
ham Railway ran in 1840. That is to say, in order to earn a soveteign a London 
and North Western train has now to run three times the distance which it was 
necessary for a London and Birmingham train to run to earn the same amount. 

Another point to notice is that although the mileage and the receipts per mile 
of track open have each increased in the same proportion, yet the capital has 
increased at a greater rate, being on the total amount twenty- four times as much 
as in 1840, and the stock and share capital has increased twenty-eight times. So 
that with the necessity of running three times the train-mileage to obtain the 
same return per mile of track open there runs the obligation to pay interest on 
an ordinary stock which has been increased in a greater proportion than the 
mileage and in a greater proportion than the earning power of the line. Lower 
dividends are therefore inevitable. The cost of working per train-mile has 
decreased gradually to about half its value in 1840, but at the same time the 
receipts per train-mile have dwindled to one-third of the amount in 1840. 
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'J'heso figures show that a more conservadve system of financing the railways 
might have been adopted in the earlier days with advantage. If when the receipts 
per train-mile were larger, a proportion of the revenue had been used annually 
for the construction of new works and for the provision of new rolling-stock 
instead of raising fresh capital for everything in the nature of an addition to the 
railway, the companies would to-day have beeif in a position to regard with 
equanimity the increasing cost of working. 

It is too late in the day to recover such a strong financial position, but even 
now on many lines a larger proportion of the revenue could be sunk in the line 
with great ultimate advantage to the financial position. 


The Problem of the Locomotive Department. 


During the last twenty years the demand on the locomotive has steadily 
increased. The demand has been met, though with increasing difficulty, owing to 
the constructive limitations imposed by the gauge. The transference of a train 
from one place to another requires that work should be done continuously by the 
locomotive against the tractive resistance. The size of the locomotive is deter- 
mined by the rate at which this work is to be done. If T represents the tractive 
resistance at any instant, and V the speed of the train, then the rate at which 
work is done is expressed by the product TV. The pull exerted by the loco- 
motive must never be less than the resistance of the whole train considered as a 
dead load on the worst gradient and curve combination on the road, and it can 
never be greater than about one-quarter of the total weight on the coupled wheels 
of the engine. 

Again, .the tractive pull of the engine may be analysed into two parts — one 
the pull exerted to increase the speed of the train, the other the pull required to 
maintain the speed when once it has been reached. For an express train the 
number of seconds required to attain the journey speed is so small a fraction of 
the total time interval between the stops that the question of acceleration is not 
one of much importance. But for a local service where stops are frequent the 
time required to attain the journey-speed from rest is so largo a fraction of the 
time between stops that this consideration dominates the design of the locomotive 
and, in fact, makes it desirable to substitute the electric motor for the locomotive 
in many cases. 

An accurate estimate of the fete at which work must be done to run a stated 
service can only be made if there are given the weight of the vehicles in the 
train, the weight of the engine, the kind of stock composing the tra^n, the speed 
and acceloratioif required at each pdfnt of the joumc/ and a section of the road ; 
and, in addition to this, allowance must be made for weather conditions. 

A general idea of the problem can, however, be obtained by omitting the 
consideration of acceleration, gradients, and the unknown factor of weather con- 
ditions, considering only the rate at which work must bo done to draw a given 
load at a given sp^d on the level. Even thus simplified the problem can be 
solved only approximately, because, although the tractive resistance of a train 
as a whole is a function of the speed, the tractive resistance per ton of load of 
the vehicles and per ton of load of the engine differ both in absolute^valuo and 
in their rates of change for a stated speed, and, further, the ratio between the 
weight of the vehicles and the weight of the engine is a very variable quantity. 

hor our purpose, however, it will be sufficiently accurate to assume that the 
resistance of the whole train, expressed in pounds per ton, is given by the 
formula 


T = 6i 


+r 

^266 


It follows that the horse-power which must be developed at the driving-wheels 
to maintain a speed of V miles per hour on the level with a train weighing 
W tons is o e 
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Fig. 6 shows curves of horse-power plotted from this equation for various 
weights of train. From this diagram a glimpse of the problem confronting loco- 
motive engineers at the present day can readily be obtained. 

To illustrate the point consider the case of the Scotch express on the West 
Coast route.' This is an historiS service and goes away back to 1844, in which 
year the first train left Euston for Carlisle, travelling by way of Bugby, Leicester, 
York, and Newcastle, and occupying 15Jl hours. It was not until 1847, however, 
that there was a through service to Edinburgh vid Berwick. 

In September 1848 the West Coast service for Edinburgh was established by 
way of Birmingham and Carlisle, the timing being 8 hours 55 minutes to Carlisle, 
and 12 hours to Edinburgh. 

In September 1863 the starting time from Euston was fixed at 10 A.M., and in 
1875 the train ran vid the Trent Valley between Bugby a\id Stafford, thus cutting 
out Birmingham and shortening the journey to Carlisle from 309 miles to 
299 miles, the timing being 7 hours 42 minutes to Carlisle, and 10 hours and 
25 minutes to Edinburgh. The speed has gradually been increased, and in 1905 



the timing was 5 hours 54 minutes to Carlisle, and 8j hours to Edinburgh. Now 
the timing is 5 hours 48 minutes to Carlisle, but is still 8;l hours to Edinburgh. 

Three* 'specific examples are plotted on the diagram, showing the power 
requirements in 1864, 1885, and 1903 for this train. Typical ^trains in 1864, 
1885, and 1903 weighed, including engine and tender, 100 tons, 250 tons, and 
450 tons respectively. The average speeds were thirty-eight, forty-five, and 
fifty-twa miles per hour respectively. A glance at the diagram will show that 
the power required to work this train was about 100 horse-power in 1864, 400 horse- 
power in 1885, and 1,000 horse-power in 1903. 

It must not be supposed that the increase in the weight of the train means a 
proportionate increase in the paying load. Far from it. On a particular day in 
1903, when the total weight of the Scotch express was 450 tons approximately, 
the weight of the vehicles was about 346 tons. There were two dining-cars on 
the train, and the seating accommodation, exclusive of the seats in the dining- 

' I am indebted to Mr, ^owen Coo^e for particulars pf t|ie Spotph Expiesg 

Service, 
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cars, was for 247 passengers,' giving an average of 1'4 ion of dead load to bo 
hauled by the engine per passenger assuming the train to be full. In the days 
before corridor stock and dining-cars were invented the dead load to be hauled 
was about a quarter of a ton per passenger for a full train. 

In a particular boat special, consisting of two first-class saloons, one second 
and one third class vehicles, one first-class dining-car, one second and third class 
dining-car, one kitchen-car, and two brake-vans, seating accommodation was 
provided, exclusive of the dining-cars, for 104 passengers, and the dead load to 
bo hauled averaged 2'72 tons per passenger. Notwithstanding this increase in the 
dead load of luxurious accommodation, the fares are r.ow less than in former days 
on corresponding services. Similar developments have taken place in almost 
every important service, and new express services are all characterised by heavy 
trains and high speeds. 


Characteristic Energy-curves of Steam Locomotives. 

This steadily increasing demand for power necessarily directs attention to 
the problem, What is the maximum power which can be obtained from a loco- 
motive within the limits of the construction-gaugo obtaining on British railways ? 
The answer to this can be found without much ambiguity from a diagram wliich 
T have devised consisting of a set of typical characteristic energy-curves to repre- 
sent the transference and transform.ation of energy in a steam liKioniotivo, an 
example of which is given in fig. 6. While examining the records of a large 



Fio. 6, 

number of locomotive trials, I discovered that if the indicated horse-power be 
plotted against the rate at which heat energy is transferred across the boiler- 
heating surface the points fall within a straight-line region, providing that the 
regulator is always full open and that the power is regulated by means of the 
reversing-lever — that is to say, by varying the cut-ofE in the cylinders. It is 
assumed at the same time, of course, that the boiler-pressuro is maintained 
1910. z z 
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(;ori8tant. I have recently drawn a scries of charaeieristic oncrgy-(^urves for par- 
ticular engines, and' these are published in Engirtcering, August 19 and 26^* 1910. 
A typical set is shown in fig. 6. 

The horizontal scale represents the number of British thermal units trans- 
ferred across the boiler-heating iftirface per minute. This quantity is used as an 
indepradent variable. Plotted vertically are corresponding horse-powers, each 
experiment being shown by a black dot on the diagram. The small figures 
against the dots denote the speed in revolutions of the crank-axle per minute. 
Experiments at the same speed are linked by a faint chain dotted line. A glance 
at the diagram will show at once how nearly all the experiments fall on a straight 
line, notwithstanding the wide range of speed and power. 

The ordinates of the dotted curve just below the i.h.p. curve represent the 
heat energy in the coal shovelled per minute into the fire-box — that is, the rate at 
which energy is supplied to the locomotive. The thick line immediately beneath 
it represents the energy produced by combustion. The vertical distance between 
these two carves represents energy unproduced, but energy which might have 
been produced under more favourable conditions of combustion. Some of the 
unproduced energy passes out of the chimney-top in carbon monoxide gas, but 
the greater proportion is found in the partially consumed particles of fuel thrown 
out at the chimney-top in consequence of the fierce draught which must be used 
to burn the co^I in sufficient quantity to produce energy at the rate required. 
The rate of combustion is measured by the number of pounds of fuel burnt per 
square foot of grate per hour. In land practice with natural draft 20 lb. of 
coal per square foot of grate per hour is a maximum rate. In a locomotive the 
rate sometimes reaches 1^) lb. per square foot per hour. In the diagram shown 
the maximum rate is about 120 lb. per square foot, and the dotted curve begins 
to turn upwards at about 70 lb. per square foot per hour. The vertical distance 
between the curves shows what has to be paid for high rates of combustion. 

I found that in almost every case the curve representing the energy actually 
produced by combustion differed very little from a straight line, passing through 
the origin, showing that at all rates of working the efficiency of transmission is 
approximately constant. That is to say, the proportion of the heat energy actually 
produced by combustion in the fire-box which passes acroi^s the boiler-heating 
surface per minute is nearly constant and is therefore independent of the rate of 
working. 

The lowest curve on the diagram represents the rate at which heat energy 'is 
transformed into mechanical energy in the cylinefers of the locomotive. It seems 
a small rate in proportion to the rate at which heat energy is supplied to the 
fire-box, bui^it is not really so bad as it looks, because the engine actually trans- 
formed 60 per cent, of the energy which ^ould have been transformed by a 
pcrfe<;t engine working on the Rankine cycle between the same limit's of pressure. 
The engine efficiency is represented in a familiar way by a curve labelled ‘B.T.H. 
per i.h.p. minute.* It will be seen that the change of efficiency is small, notwith- 
standing large changes in the indicated horse-power. 

The diagram indicates that the indicated horse-power is practically propor- 
tional to the rate at which heat is transferred across the boiler heating-surface, 
and as this is again proportional to the extent of the heating-surface, the limit of 
economical. power is reached when the dimensions of the boiler have reached the 
limits of the construction-gauge, the boiler being provided with a fire-grate of 
such size that, at maximum rate of working, the rate of combustion falls between 
70 and 100 lb. of coal per square foot of grate per hour. A boiler of large heat- 
ing-surface ma^ be made with a small grate necessitating a high rate of com- 
bustion to obtain the required rate of heat-production. Then, although a large 
power may be obtained, it will not be obtained economically. 

Returning now to the consideration of the type of locomotive required for a 
local service with frequent stops, the problem is to provide an engine which will 
get into its stride in the least time consistent with the comfort of the passengers. 
The average speed of a locomotive on local service is low. The greater part of 
the time is occupied in refiching the journey speed, and the brake must then often 
be applied for a step a few moments after the speed has beeh attained. In 
some cases the stations are so close together that there is no period between 
acceleratioi; and retardation. Without going into the details of the calculation I 
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may aay that to start from rest a train weighing, iiv(;Iuding the engine, 300 tons, 
and xo attain a speed of thirty mile^ per hour in thirty seconds,' requires about 
1,350 i.h.p. During the period of acceleration the engine must exert an average 
tractive pull of nearly fifteen tons. 

Mr. James Holden, until recently locomotive engineer of the Great Eastern 
Railway, built an engine to produce an acceleration of thirty miles per hour in 
thirty seconds with a gross load of 300 tons. The engine weighed 78 tons, and 
was supported on ten coupled wheels each 4 feet 6 inches diameter. There 
were three high-pressure cylinders, each 18^ inches diameter and 24 inches 
stroke. A boiler was provided with 3,000 square feet of heating surface and a 
' grate of 42 square feet area. Boiler pressure, 200 pounds per square inch. This 
engino practically reached £he limit of the construction -gauge. 

An acceleration of thirty miles per hour in thirty seconds is considerably below 
what may be applied to a passenger without fear of complaint. But it is clear that 
it is just about as much as a locomotive can do with a train of reasonable weight. 
Even with a gross load of .3(X) tons nearly one-third of it is concentrated in the 
locomotive, leaving only 200 tons to carry paying load. The problem of quick 
acceleration cannot therefore be properly solved by means of a steam locomotive. 
But with electric traction the limitations imposed on the locomoiive^y the con- 
strul^tion-gauge and by the strength of the permanent way are swept away. 

The equivalent of the boiler power of a dozen locomotives can bo instan- 
taneously applied ^to the wheels of the electric train, and every ax^e in the train 
may^becomo a driving axle. Thus the whole weight of the stock, including the 
paying load, may be utilised for tractive purposes. If, for instance, the train 
weighed 200 tons, then a tractive force equal to one-fifth of this, namely, forty 
tons, could be exerted on the train, but uniformly distributed between the several 
wheels, before slipping took place. The problem of l^uick acceleration is therefore 
completely solved by the electric motor. 

Electric Railways. 

December 18, 1890, is memorable in the history of railway enterprise in this 
country, for on that date the City and South London Railway was opened for 
traffic, and the trains were worked entirely by electricity, although the original 
intention was to use the endless cable system of haulage. This line inaugurated 
a wonderful system of traction^ on railways in which independent trains moving 
' at different speeds at different parts of the line are all connected by a subtle 
electric link to the furnaces of one central station. 

Since that epoch-marking year erectile traction on the railways c f this country 
has made a gradual if somewhat slower extension than anticipated. But-electri- 
cally oi^rated trains have in one branch of railway working beaten the steam 
locomotive out of the field and now reign supreme — that is, in cases, as indicated 
above, where a quick frequent service is required over a somewhat short length 
of road. The superiority of the motor over the steam locomotive, apart from 
questions of cleanliness, convenience, and comfort, lies in the fact that more power 
can be conveyed to the train and can be utilised by the motors for the purpose of 
acceleration than could possibly be Supplied by the largest locomotive which could 
be constructed within the limits of the construction-gauge. There arewnany other 
considerations, but this one is fundamental and determines the issue in many 
cases. 

A few facts relating to the present state of electric railways in the United 
Kingdom may prove of interest. At the end of 1908 there wece in the United 
Kingdom 204 miles of equivalent single track worlced solely by electricity and 
200 miles worked mainly by electricity, corresponding to 138 miles of line open for 
traftc. Of this 102 miles belong to the tube railways of London and 201 miles 
to the older system formed by the District and the Metropolitan Railways anil 
their extensions. 

It is not an easy matter to ascertain exactly how much capital is invested 
in these undertakings for the purpose of electric working alone, since some of 
the lines originally constructed for a steam locomotive service have been converted 
to electric working. On the converted lines there is the dead weight of capital 
corresponding to the locomotive power provided before electrification took place. 

.z z 2 
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The capital invested in the»102 miles of t^he raifways in London is a littije over 
26,OOO.O0W;* • • ^ , T 

The total number of passengers carried (exclusive of season tickets) (m the 
138 miles of electrical track during the year 1908 was nearly 342 millions, .Mdeing 
roughly one-third of the total number of passengers carried on all the railways 
of England and Wales during the same period. 

Thh average cost of working this traffic is 22’3d. per train-mile. This figure 
includes the service of the lifts, which is presumably returned with the traffic 
expenses. The charges work out in this way : — 

Table IV. 

■ A'verage Working CoH per Train-mile of the Electric Itailways worked wholly^r 
mainly by Electricity in England and Wales for the Year 1908. 


l^cnco per train-mile. 

Locomotive power . . . . , 8*40 

Repairs and renewals of carriages an^ waggons . .' 1*60 

JVfaintenance of permanent way 2*40 

Trafflt expenses 5*22 

General charges 1*62 

Rates and taxes 2*36 

Government duty . 0*088 

. Compensation . 0*lld 

Legal and miscellaneous *. 0*76 


Total ......... 22-36 


The corresponding total receipts were 38'65d. per train-mile. The working 
expenses are thus 58 per cent, of the total receipts. Comparing this with the 
figures given above for the whole of the lines in England and Wales, it will 
be seen that the cost for locomotive power on the electric railways appears .to be 
about two- thirds of the cost on steam lines per mile run, ithe cost .fpr repairs 
and renewals of carriages and waggons about one-half, and the cost for traffic 
expenses about one-half. 

The two kinds of working are not, however,, strictly comparable, as all the 
conditions of traffic in the two cases are different and the length oLthe electric 
lines is relatively so small that the problems which arise out of the transmission of 
electric powt : over long distances are excluded. The traffic expenses and the cost 
of repairs and renewals of carriages and waggons, general charges, &c., are* 
practically independent of the kind of power used for locomotive purposes, and, 
moreover, the difference" in weight of electric trains and the steam-hauled trains 
is on the average so great that no comparison can be instituted without ton-mile 
statistics. ‘ 

Method of Worlcing. 

With two exceptions the method of working the electrified lines of this country 
is in the niLain the same. A third conductor rail is laid on insulators fixed to the 
ordinary track sleepers, and is maintained throughout the whole of its length at as 
nearly as possible a pressure of 600 volts, except in a few cases where the pressure 
is 500 or 550 volts. Collecting shoes sliding along the rails are fixed to the 
trains, and thrgugh them current is supplied to the armatures fixed to or geared 
with the axles. The current flows through the armatures back to the stations 
or sub-stations through the rudning rails, which are bonded for the purpose, or 
sometimes through a fourth rail carried on insulators fixed to the track sldlpers 
as in the cases of the District and Metropolitan Railways. 

Differences in the equipment arise out of the geographical necessities of the 
distribution. For a short line the power is produced at a central station and is 

* Much valuable information regarding the cost of converting the line between 
Liverpool and Southport from steam to electric working will be found in 
Mr. A&pinaU’s presidential address ||i the Institution of Mechanical Engineers. 
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distributed by feeders to the conductor rail direct. For longer lines power is 
produced cat higher voltage ‘(11,000 volts in the case of the District Railway), 
and is then distribuV^d to sub-stations conveniently placed along the line where 
it is transformed to a lower voltage, converted to direct current, and then by 
means of feeders is distributed at 6(X) volts or thereabouts to the third rail. 

In 1908 the Midland Railway Company opened for traffic the electrified line 
connecting Lancaster, Morecambo, and Key sham. The method of electrification 
was a departure from the general direct current practice hitherto applied to 
electrified lines in this country. Power was supplied to* the trains at 6,600 volts, 
single phase, at twenty-five alternations per second, along an overhead conductor. 
The pressure was reduced by transformers carried on the motor-coach itself, and 
was then used by single-phase motors. The traffic conditions on this line are 
simple. 

in December 1909 the electrified portion of the London, Brijghton, and South 
Coast Railway from Victoria, round by Denmark Hill to London Bridge was 
opened for traffic. This work marks an epoch in the history of electric traction 
in England. For the first time the single-phase system was applied to meet the 
exacting traffic conditions of a London suburban service where the main condition 
is that the trains should be accelerated rapidly. The system has shown that it 
can meet all the conditions of the service perfectly. Energy is purchased and is 
rlisiributed by overhead conductors direct to tlie trains at 6,600 volts, single 
phase, at twenty-five alternations per second where it is used by th.j single-phase 
motors after suitable transformation by apparatus carried under the motor car- 
riage. The results of this electrification will be of unusual interest, because not 
only has the method applied shown itself to be quite suitable for dealing with a 
stopping traffic where quick acceleration is the dominating condition, but it con- 
tains the germ of practicable long-distance electrification. The near future may 
see the extension of the system to the line between London and Brighton, giving 
a frequent non-stop service which would bring Brighton in point of time nearer 
than the suburbs on opposite sides of -London are to one aether. 

Some particulars of the electric railway^ of tbe country are given in Table V.* 
More details will be found in a table publisbid annually by the Electrician entitled 
* Tables of Electric Lighting, Power, and J^raction Undertakings of the United 
Kingdom ’ and in the Railway Returns of we Board of Trade. 



Daring the last ten years a considerable numl)er of trial installations of power- 
signalling apparatus have been mad^ by the railway companies of this country. 
The electric lines have generally adopted power signalling, and the District 
Railway has installed a complete system on all its lines and branches. 

The term * power signalling* is applied to any equipment in which the actual 
movements of the points and signals are done by power, the signalman’s work being 
thus reduced to the movement of small light control levers or switches. Of the 
several systems tried and proposed three bulk largest in the equipments applied 
in this country, . namely, the all-electric, the low-pressure pneumatic, and the 
electro-pnoumatic systems. . 

The * all-elictric * system is represented by installations of the McKenzie- 
Holland and WestiUghouse system on the Metropolitan and Great Western Rail- 
ways, by installations of the * Crewe ' system on the London and North Western 
Railway, and by installations of Siemens Brothers on the Great Western Railway. 
The general feature of the all-electric system is that the points are operated by 
motors sunk in a pit by the side of the rails, the signals are pulled off electrically, 
and all the apparatus is jconttolled electrically. ^ 

The low-pressiire pneumatic system is represented by installations on the 
London and South Western Railway and the Great Central Railway. The points 
and signal arms are moved by air compressed to about 20 lb. per square inch^ 
and led tp cylinders connected to the points and to the signal-arms. The control 
is also done by nqieans of compressed air> small pipes leading from each air-cylinder 
to the cabin. 

The electro, pneumatic system has found most favour in this country ap4o 
the present time. The equipment installed includes such notable stations as the 
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Central at Newcastle with 494 levers, and the Glasgow Central with 374 levers, 
and the whole of the Metropolitan District system of underground railways. In 
this system an air-cylindei" is connected to each set of points and to each signal* 
arm. Air compressed to 65 lb. pe* square inch is supplied to the cylinders from a 
main running alongside the railway kept charged by small air-compressors placed 
at convenient intervals. Each air-cylinder is provided with a small three-way 
air-valvo operated by an electro-ir.agnet. The nvovement oi each air -valve is 
controlled electrically from the cabin throiigh the electro-magnet associated with 
it. The system grouped round any one signal-cabin may be regarded as an engine 
fitted with a large number of cylinders, each working intermittently by com- 
pressed air, and where in each the valve-rod has been changed to an electric cable, 
all the cables being led to a signal-cabin where the operation of the valves is done 
by means of an apparatus which is as easily played upon as a piano, with this 
difference, however, that the notes are mechanically interlocked so that a signal- 
man cannot play any tunc ho pleases, but only a tune which permits of safe traffic 
movement. Moreover, the instrument is so arranged that the movement of the 
small lever determining the movement of a signal-arm cannot be completed unless 
the signal -arm actually responds to the intention of the signalman, thus detecting 
any fault in the connections between the box and the arm. 

The obvious advantage of power signalling is the large reduction of physical 
labour required from the signalman. His energy can be utilised in thinking 
about the traffic movements rather than in hauling all day at signal levers. One 
man at a power frame can do the work of three at the ordinary frame. The 
claims made for power signalling, in addition to the obvious advantage of the 
reduction of labour, are briefly that the volume of traffic which can be dealt with is 
largely increased, that the area of ground required for the installation is con- 
siderably less than with the ordinary system, with its rodding, bell-crank levers, 
chains, and pulleys, and that where the conditions are such that power signalling 
is justified the maintenance cost is less than with a corresponding system of normal 
equipment. 


Automatic Signalling, 

Several of the power-signalling installations are automatic in the sense that 
between signal-cabins on stretches of line where there are no junctions or crossover 
roads requiring the movement of points, the movement of the signal-arm protecting 
a section is determined by the passage of the train itself. The most important 
equipment of this kind is that installed on the group of railways forming the 
* Undergrount* * system. This includes the District Railway with all its branches. 
On this line the particular system installed is the electro-pneumatic, mo'^ified to be 
automatic except at junctions. Signal-cabins are placed only at junctions and at 
places where points require to be operated. The stretch of line to be automatically 
signalled is divided into sections, and the entrance to each section is guarded by a 
signal-post. Calling two successive sections A and B, the train as it passes from 
Section A to Section B must automatically put the signal at the entrance to B 
to danger, and at the same time must pull off the signal at the entrance to A. 
These operations require the normal position of the signal-arm to be * off * instead of 
at danger, t.s in the usual practice. The position of the arm in this system conveys 
a direct message to the driver. If * on * he knows that there is u train in the 
section ; if * off ’ he knows that the section is clear. Each signal-arm is operated by 
an air motor as briefly described above, but the cables from the valves are now led 
to relays at the beginning and end of the section which the signal protects. 
The contrivance by means of which the train acts as its own signalman is briefly 
as follows. One rail of tjie running track is bonded, and is connected to the 
positive pole of a battery or generator. The opposite rail is divided into sections, 
each about 300 yards long, bonded, but insulated at each end from the rails of the 
adjacent sections and each section is connected to a common negative main 
through a resistance. A relay is placed at the beginning and at the end of each 
section, and is connected across from the positive to the negative rail. Current 
flows and energises the relay, in which condition the relay completes a circuit to 
the electro-magnet operating the admission- valve of%he air-cylinder on the signal- 
poH, air is admitted, and the signal-arm is held off. This is the normal condition 
at each end of the circuit. When a train enters a section it short-circuits the 
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relays through the wheels and axles, in consequence of which the relays, de-ener- 
gised, broak the circuit to the admission- valve, which closes, and allows the air 
in the cylinder to escape, and the signal-arm, moved by gravity alone, assumes 
the * on * or danger position. At the same time the short circuit is removed from 
the section behind, directly the train leaves it, the relays are at once energised, the 
admission- valve to the air-cylinder on the protecting post of the section is opened, 
air enleis, and tiac signaY is pulled down to the * oR * position. 

The speed at which tralhc can be operated by this system of power Bignalling 
is remarkable. At Karl’s Court junction box forty trains an hour can bo passed 
each way — that is eighty jDcr hour — handled by tht one signalman in the box. 
As the train approaches the box both its approach to the section and its destination 
must be notified to the signalman. When it is remembered that with ordinary 
signalling, to take an express train for example, a signalman hears some twenty- 
four beats on the gongs in his box, and sends signals to the front and rear box 
which give altogether some twenty- four beats on the gongs in these two boxes, 
forty-eight definite signals in all, for every express train he passes into the section 
which his signals protect, it will be understood that the system must be profoundly 
modified to admit such a speed of operation as eighty trains per hour per man. 
The modification is radical. No gong signals are used at all. There is a small 
cast-iron box standing opposite the signalman with fifteen small windows in it, 
each about an inch and a half square. Normally each window frames a white 
background. A click in the box .'iniiounces the approach of a trail:, and a tablet 
ap^)ears in one of the empty windows showing by code the destination of the 
train. The signalman presses a plug in the box, a click is heard, qiid a tablet 
is seen in a precisely similar apparatus in the next box. When the train passes 
the man, presses another plug and tho tiiblet disappears. 

Four wires run between the signal-boxes along the railway, and by combining 
the currents along the four wires in various ways fifteen definite signals can bo 
obtained, a number sufficient for the District tra/Tic. Each of the fifteen 
combinations is arranged to operate one particular tablet in the box. Current from 
these four wires is tapped off at interibediate stations and is used to work a train 
indicator showing the passengers assembled on the platform the destinations of the 
next three trains. The whole equipment is a triumph of ingenuity and engineering 
skill, and is a splendid example of the way electricity may be used to improve the 
railway service quite apart from its main use in connection with the actual driving 
of tho trains. 

The facts and problems I have brought before you will, I think, show the 
important influence that scientific discovery has had upon our railway systems. 
Scientific discovery and mechanical ;ngenuity have reduced the cost of locomotive 
working to a point undreamt of by the pioneer locomotive builders. Electric 
railways are the direct fruit of the discoveries of Faraday. The safety of the 
travelling public was enormously increased by the invention of continuous brakes 
and by the discovery of the electric telegraph, and is greatly increased by the 
development of modem methods of signalling; and the comfort of travellers 
is increased by modern methods of train-lighting, train-warming, and the train 
kitchen. Inventions of a most ingenious character have from time to time been 
made in order t-o furnish a steady and ample light m the carriages. The smooth- 
ness of travelling on our main lines is evidence of the thought whieh has been 
lavished both' on the wheel arrangements of the carriages and on the permanent 
way. Problems in connection with the continuous brake are many and interest- 
ing. Some of the problems of modern signalling would have quite baffled the 
scientific electrician a quarter of a century ago. When engineers endeavour to 
apply the results of scientific discovery they often find themselves confronted by 
new problems unperceived by the scientist. Together they may find a solution and 
thus enlarge the boundaries of knowledge and at tho same time confer a practical 
advantage on the community. The pure scientist, the practical engineer, act and 
react on one another both to the advantage of pure science and to the advantage 
of the national welfare. The future success of our railways depends upon the 
closer application of scientific principle both to the economic and engineering 
problems involved in their workiiig, some decrease in unprofitable competition 
with one another, and a mord* just appreciation on the part of the State of the part 
railway companies play in our national well-being. 
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The following Paper was then read : — 

The Testing of LaJthe Tool Steels 
By Professor W.#Ripper, D.Eng., M.InsLC.S. 

A great deal of testing of lathe cutting tools has been done in the past by 
various experimenters, and is being done every day by steel manufacturers for 
their own information, but there is, unfortunately, an entire absence of uniformity 
of standard in the making of these tests. There are two methods of testing 
most commonly adopted. The first is to find the length of time the tool will 
run in the lathe under a given set of constant conditions before requiring 
regrinding; the second is to find the cutting speed which shall cause the edge 
of tile tool to be completely ruined in twenty minutes. 

Tests representing prolonged durability are of doubtful value. It is more to 
tlie purpose to know the highest cutting spewed w’hich may be maintained during 
some practical period of time — say, twenty or thirty minutes — without re- 
grinding. 

Mr. Taylor recommends that in the case of the twenty minutes* test about 
eiglit tools of each kind should be prepared — say, by IJ and about 18 inches 
long — treated and shaped in every way alike. They should then be run one tool 
after another each for a period of twenty minutes, and each at a little faster 
cutting speed than its predecessor, until the cutting speed has been found which 
will cause the edge of the tool to bo completely ruined at the end of the twenty 
minutes. This speed is then called the ‘standard speed.* 

As an improvement on each of the previous methods of testing the writer 
submitted a new method, which he calls the ‘ speed -increment test,’ and which he 
has found to give reliable results with a minimum expenditure of time and 
material. 

The method is as follows : — 

A testing lathe sufficiently large for the purpose, and driven electrically, is so 
fitted as to be capable of a very line adjustment of speed of rotation. The tool 
to bo tested is stiu-tcd on a standiu’d cut — say, i by — in the testing lathe at a 
surface speed of, say, 30 feet per minute, and the cutting is- allowed to proceed 
under a gradually increasing rate of speed by equal increments of one foot per 
minute, each minute throughout the test, until the tool breaks down. That is to 
say, the speed increment is increased gradually ^.and regularly while the test is 
proceeding, in the same way as the load increment is increased in the tensile test 
of a steel bar in the testing machine. Then, if the mean cutting speed in inches 
fi*oin start to finish of the trial be multiplied by the duration of the trial in 
iiiinutop and by the area of the cut, the reshlt is equal to the number of cubic 
inches of material turned off by the tool during the test, and this is the measure 
adopted to represent the merit of the tool. 


PBIDAY, HKPTEMBEn 2. 

The following Report and Paper were read : — 

1. ThM lieport on Gaseous Explosions . — ^Sce Reports, p. 199. 


[2. The Testing of Files.^ By Professor W. Ripper, D.Eng., M.InsUC.E. 

■ The writer is not aware of the existence, until recently, of any method of 
testing the cutting power of files, except by handing the files to skilled workmen 
and obtaining their reports upon them. This method is obviously open to grave 
objections, but a few years ago the Herbert file-testing machine was introduced, 

* Published in Engineering, September 9, 1910. 

Published in the Proceedings of the Sheffield Society of Engineers and 
Metallurgists, November 1910. 
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and, as a result, files are now required to reach a certain standard of cutting 
power. A description of this machine with illustrations was given. 

Unfortunately very early in the histoi-y of the machine doubts were enter- 
tained as to tha accuracy of the results obtained by it, as files known to be 
good wore condoned by it. 

Eventually the writer was asked to report on the Herbert file- testing macliine, 
and a large number of tests were accordingly made. The results of these were 
in many cases normal, but in others they showed extraordinary difierenecs of 
effectiveness of cutting power, not only among files said to be in all respects alike, 
but between the two opposite sides of the same file. 

The writer reimrted that the machine appeared to bo defective in one im- 
portant point — namely, that it treated the file as a machine tool instead of as a 
hand tool; thus in the machine the file moves acro.ss the face of the* lest bar 
through an absolutely constant path, the respective teeth of the file each stroke 
working in identically the same graves or furrows on the face of the test- bar 
stroke after stroke. The result is that the face of the work occasionally U*conics 
glazed in appearance and the file ceases to cut, though the file itself may not be 
worn out. In the case of hand-filing no two strokes are made in exactly the same 
direction. The conditions, therefore, under which the tests are made in the 
machine differ from those under which the file is worked in actual pivictice, and 
this diiferenco works, at least in some cases, to the disadvantage of tht*. file. 

Eor the purpose of removing this objection the writer has devised an 
addition to the Herbert machine, by means of which the path of the file in the 
machine is no longer a constant one, but changes its direction stroke by stroke 
as in the case of hand-filing. To secure this the file is no longer hold rigidly at 
its tw'o ends, but is connected by ball-joints, the effect of which is equivalent to 
that of a -wrist movement at each end of the file. The variation of the path of 
the file each stroke is obtained by slightly shifting the position of one end of 
the file, relatively to the other end, by a simple mechanism during each return 
stroke, so that on the following working stroke it moves in a different path from 
that which it had in the preceding stroke. The means by which this movement 
is obtained will be explained and illustrated by diagrams. 

The addition this arrangement to the Herbert file-testing machine has 
resulted in the removal to a large extent of the irregular results previously 
obtained from files of similar quality. 


MONDAY, SEPT EM BE n 5. 

The following Papers were read 

1. The Electrification of the London, Brighton, and South Coast Baihvay 
between Victoria and London Bridge. By Philip Dawson. 

2. On the Use of an Accelerometer in the Measurement of Road Resistance 
and Horse Power.^ By H. E. Wimperis, M.A., Assoc. M.Inst.G.E. 

The author described the form of accelerometer recently invented by him and 
constructed by Messrs. Elliott Bros. The instrument consists of a brass box 
about four inches across containing a copper disc mounted on a vertical pivot 
and * damped’ in its motions by a permanent magnet. The c.g. 'of the disc is 
purposely removed from the axis so that, when the box moves forward, one side 
of the disc tends to lag behind, thus partially winding up a coiled spring and 
actuating a pointer which moves ever a scale. To render the reading unaffected 
by any accelerations at right angles to the direction of motion, a second parallel 
axis is fitted, which is geared to the first one, and has attached to it masses having 
the same mass moment as the disc itself. Couples about these two axes add up in 
the direction of motion, but neutralise one another in any direction at right angles. 

* Published in the Engineer, September 16, 1910. 
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The accelerometer therefore reads in one of the three directions of space only, 
and is not affected by even violent movements in the other two directions. 

With this instrument the author has measured the road resistance of various 
classes of road and has obtained .figures varying from 50 to 210 4b. per ton. On 
main line railways the resistance is usually from 12 to 30 lb. pc?r ton, depending 
on the speed. Measurements have also been made of the resistance to motion 
when a motor car is coasting. In this way the h.p. and the engine friction can 
be measured and a figure for the mechanical efficiency bo obtained. 

The conclusions reached may lie summed up as follows. By the use of the 
accelerometer road resistances can be read off at sight ; the air resistance of various 
shapes of car body can be determinecT; the b.h.p. and i.h.p. of the engine can be 
obtained for various speeds; and it is possible to trace step by step the losses of 
power in transmission to the road wheels. 


3. The Cyclical Changes of Temperature in a Gas-engine Cylinder near the 
Walls. By Professor E. G. Coker, M.A., D.Sc. 

Experiments described in KnginveTiinj for October 1908 show that the tempera- 
ture at the inner surface of a small gas-engine is about C., and the cyclical 
variation is usually less than 10^ C. 

The steady conditions of low temperature at the wall-surface are maintained 
by the jacket- wJiter, although the explosion of the gaseous mixture produces very 
great changes of tem{X!rature close to the walls. 

This variation has not hitherto been measured for a complete cycle owing to 
the difficulties which occur in measuring the highest temperature of the explosion. 
In order to obtain the cyclical variation near the walls, a couple was made of an 
alloy of 10 per cent, iridium and platinum, with a pure platinum wire, and this 
was secured in a metal plug so that it projected i inch into the cylinder. On light 
loads and weak mixtures the cycle remained unbroken, but near full load the 
platinum wdre melted. 

Couples made from 10-per-cent, alloys of iridium and rhodium with platinum 
were afterwards used, having an electromotive force E above 600° C. given by 
E = — 174 -f 7*6075 T — 0*00167 T=*, where T is the temperature centigrade. The 
junctions were rolled down to five or six ten- thousandths of an inch thickness and 
inserted at a depth of inch from the cyliiider-wflll. 

These couples were able to withstand the highest temperatures near the walls, 
and they were not melted except during abnormal explosions. 

Measurements of the cyclical variations showed a variation of E.Jtf.F. lying 
betw^een 1*66 and 7*83 milli- volts with an average cold junction temperature of 
30° C. The temperature variation corresponding to these values ranges between 
260° C. and 1700° C. 

Tn estimating the highest temperature reached, the upper limit of temperature 
is indicated by the partial melting of one of the wires when the engine ran above 
its full normal load, and the lower limit* is indicated by the melting of platinum 
wire. The melting-point of platinmn is 1710 ^ 6° C., and, in the absence of 
definite valyes of the melting-points of the alloys used, it is assumed that both 
are below the melting-point of iridium, for which Violle’s value is 1950° 0. The 
probable causes of error in the measurements are discussed, and the conclusion is 
reached that the temperature at the place of measurement has a maximum value 
between 1850° and 1900° C. 


4. The Value of Anchored Tests of Aerial Propellers.^ By W. A. Scoble. 

Joint Discussion with Section A on tJae Principles of Mechanical Flight. 
Opened by Professor G. H. Bryan, F.R.S. 


Published in Engineering, September 9, 1910. 
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TUESDAY, SEPTEMBER 6. 

The following Papers were read : — 

1. The Optical Determination of Stress,^ 

By Professor E. G. Coker, M.A., D.Sc. 

The experimental determination of the stale of stress in a body by purely 
mechanical means and apparatus has the disadvantage that it is necessary for 
accuracy of measurement that a definite length, area, or volume be maintained in 
a standard condition, and the stress at a point cannot therefore be accurately 
determined if the stress is a rapidly varying one. 

The property possessed by glass of becoming doubly refractive under stress 
has been frequently utilised to determine the state of plane stress at a point in it 
by the colour fringes produced, but the difliculty of forming any but the simplest 
objects in glass has prevented its extensive use for experimental work. 

Other substances have been tried, and a preparation of nitro-cellulose in com- 
mercial use has been found which answers exceedingly well for experimental 
work. Its properties are very different from glass, and experiments show that 
the modulus for tension is approximately 3(X),0(X) in pounds and inches and the 
value of ‘Poisson’s* ratio 0*37, plat^s-glass having the corresponding values of 
10*5 X 10® and 0*227 respectively. For determining stresses a meth^'d of matching 
colours is adopted, in which a uniformly stressed test-bar is loaded until the 
colour produced by the retardation of a plane or circularly polarised ray ('orre- 
sponds to that produced at a point in the object under stress. The relative 
retardations R of the ordinary and extraordinary rays is assumed to be similar to 
glass and to follow the law expressed by R = C (X — Y) T, whore X, Y are the 
principal stresses at a point, T is the thickness of the material and C is an optical 
constant. 

The stresses at the cross-section of an eccentrically loaded tie-bar and at the 
principal section of a hook are shown to be in fair agreement with theory. 

To determine the lines of principal stress in a body the loci of points cit which 
the directions of the principal stresses are the same are found by using plane 
polarised light, and from the curves so found the directions of the principal 
stresses are determined. 

From the curves of principal stress, coupled with a knowledge of the position 
of the isochromatic lines, the stresses at any point may be determined by the use 
of Maxwell’s method. ^ 

2. On the Direct Measurement of the Rate of Air or Gas Supply to 
a Gas-Engine by means of an Orifice and V-TubeJ By Professor 
W. E. Dalby, M,A.y MJnst.C.E. 

An orifice in conjunction with an anemometer was used to measure the air- 
supply at the Ashton trials of the Committee of the Institution of Civil Engi- 
neers, and more recently Professor Ashcroft contributed a paper to the Institu- 
tion of Civil Engineers describing a method of using an orifice in •conjunction 
with a specially designed indicator to measure the difference of pressure on the 
two sides of the orifice. In the Ashton trials the air-supply is inferred from the 
anemometer readings, and in Professor Ashcroft’s method the air-supply is 
inferred from the difference of pressure in conjunction with the orifice, which 
was made about the same size as the suction-pipe of the engine, in consequence of 
which the difference of pressure was very small. In each case calibration was 
effected by driving the engine from the crank-shaft end, and then from indicator 
diagrams deducing the weight of air passing through the orifice. This deduction 
cannot be made accurately unless the temperature can be accurately measured at 
one point on the indicator diagram. In neither case could this temperature be 
measured. The gas-engine used by the author is fitted with apparatus by 
means of which the temperature corresponding to the pressure and volume 

* Published in the Phil. Mag., October 1910. 

* Published in Engineering, September 9, 1910. 
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at an assigned crank-angle can be accurately measured with a platinum 
thermometer. Thus all the data are observed from which the weight of air 
drawn through the orifice per cycle can be computed. Indicator diagrams were 
taken with an optical indicator giving accurate results. Every indicator-card 
was calibrated for pressure in aitu. The peculiarity of the method is that a rela- 
tively small orifice is used — ^so small, in fact, that the difference of pressure on 
the two sides of it is equivalent to about one foot of water under normal con- 
ditions of running. This difference of pressure can then bo measured by means 
of a U-iube, and small variations of head are easily observed. Numerous 
experiments csUiblishod the fact that the coeflioients of the orifices tried were 
practi<^ally constant and equal to 0'6. The gas-supply can be measured through 
an orifice in the same way. ITenco the mixture of air and gas passing into the 
cylinder can be obtained from two readings, with suitable corrections for 
density, at .any time during the run. The orifices, in combination with their 
IT-tubes, become r.ate measurers, the one giving the rate at which ,air is supplied 
to the engirn, .and the other the rate at which gas is supplied. 


3. The Taiws of EUclro-Mechanics} 

By Professor R. P. Thompson, F.R,S. 

4. The TcMing of Ileat-inmlnling Materials.'' By Frederick Bacon. 

5. A New Method of 'producing High-tension Electrical Discharges.^ 

By Professor K. Wilson and W. IL Wilson. 

According to this method energy is t.aken from an .altern.ating or continuous 
current source and stored in a magnetic field by .an indnct.ance; it is then per- 
mitted to surge into a condenser, which forms with the inductance a low fre- 
quency oscillatory circuit. When the energy is accumuLntec^ in the condenser 
the l.atter is mechanicjilly bridged .across the primary winding of an induction 
coil, with which it forms a hi(jh frequency oscillatory circuit. The energy is 
then transmitted by the secondary winding of the induction coil to the work 
circuit, and can be of an oscillatory or uni -directional character .according to the 
purpose in view. The apparatus is light, efficient, and cheap, and is especially 
suitable for radio- telegraphy, ar-ray, ignition, and other work in which high 
tension electricity is employed. 


WEDNESDAY, SEPTE AIDER 7. 

The following Papers were read : — 

1. Gravity Self-raising Boilers.* By E. W. Weekes. 


2. The Mechanical Hysteresis of Rubber/* 7?^ Professor Alfred Schwartz. 

The increasing importance of the applications of rubber in the Arts calls for 
carefully standardised tests of the properties of this m.aterial. 

The physical properties of rubber of which use is made in industrial work are 
its elasticity* compressibility, extensibility, tenacity, flexibility, adhesiveness. 

Published in abstract in Enginaering, September 16, 1910. 

* Published in Engineering, September 16, 1910. 

* Published in the Electrician, September 9, 1910. 

* Published in Engineering, October 14, 1910. 

* Published in the Electrical Review, September 23, 1910, and in Engineering, 
September 16, 1910. 
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resistance to certain chemical agents, impermeability to water, solubility in 
certain liquids, and electrical resistance and dielectric strength. 

The methods of testing employed at the present time consist in chemical 
analysis and in the determination of the elongation and load at rupture and of the 
sub-permanent set resulting from a given extension maintained for a given time. 

It is evident that the chemical tests can give no indication with regard to 
many of the physical properties enumerated above, and it would seem that their 
true function lies in the determination of causes, while the mechanical tests 
should deal with the effects produced by these causes in the commercial product. 

The mechanical tests should then form the primary tests of both the manu- 
facturer and the purchaser, and should, when necessary, be supplemented bv the 
chemical tests, either as confirmatory tests or for the elucidation of the causes 
of the defects indicated by the mechanical tests. In the case of raw rubl)crs the 
chemical tests give little or no indication of the value of tho product for indus- 
trial purposes, and it is suggested that test pieces for such materials should be 
prepared from the so-called ‘Admiralty mixing,* consisting of 60 per cent, 
rubber, 3 per cent, sulphur, and 37 per cent, zinc oxide, and be subjected to the 
hysteresis tests hereinafter described. 

The author has designed a machine in which a specimen of rubber of 
standard dimensions is loaded at a given rate to a given percentage of its 
breaking load. The load is then removed at the same rate, and a graphical 
record is obtained on the chart table of the mathine of tho extension and 
retraction curves. 


Hubber possesses very considerable mechanical hysteresis, and a considera- 
tion of the loop diagram obtained from the machine enables the following 
physical quantities to be determined for any given test piece ; — 

(1) The' rate of extension with load. 

(2) Tho work done in extension. 

(3) The' work done by tho rubber in retracting. 

(4i The work expended in tho rubber itself. 

(5) The sub-permanent set remaining after a giveir extension. 

The limits of the hysteresis loop may .also be set in terms of extension 
in place of load cas already stated. The author finds that for a given rubber the 
following laws hold good : — 

(a) The load per unit area of the initial cross sectional area of the tost 
piece is constant for a given ei^cnsion of the test piece and independent of tho 
cross-sectional area of tho specimen within certain limits. 

(h) Tho work done in extension, in retraction, and in tho rubber itself is 


within certain limits proportional j )0 the cross-sectional area of the test piece, 
and is dircv ?tly proportional to the length of the specimen with a given percoptago 
extension. ^ 


On the completion of the first cycle of extension and retraction tho specimen 
may be subjected to a series of similar cycles tho limits of which may be set 
either by a given maximum extension or a given maximum load. 

For high-grade rubbers the areas of the loops for successive cycles become 
constant after about the sixth loop, when the subsequent cycle loops are taken 
up to the same maximum load as that for the first loop. 

*rhe author finds that the extension for a given load limit inrveases with 
each successive cycle, and that the rate of increase follows a logarithmic lavi 
from tho second cycle onwards. 

Applications of the hysteresis test are given to the determination of various 
grades of rubber, of the quantity of rubber in a given mixing, of the degree of 
vulcanisation, and of the deterioration due to ago or high temperature. 


3.. The UtiliscUion of Solar Radiation, Wind Power, and oth^ Natural 
Sources of Energy. By Professor Fessenden. 


4, Experimental Investigation of the Strength of Thick Cylinders. 
By G. Cook. 
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Section H.— ANTHROPOLOGY. 
President of the Section. — W. Crooke, B.A. 


THURSDAY, SEPTEMBER 1. 

The President delivered the following Address : — 

Onk-and-thirty years have passed since the British Association visited this city. 
At that time anthropology was in the stage of probation and was represented by a 
branch of the section devoted to biology. Since then its progress in popularity 
and influence has been continuous, and its claims to be regarded as a science, 
with aims and capabilities in no way inferior to those of longer growth, are now 
generally admitted. Its advance in this country is largely due to the distin- 
guished occupant of this chair at our last meeting in Sheflield, Dr. E. B. Tylor, 
who during the present year has resigned the professorship of anthropology in the 
University of Oxford. Before this audience it is unnecessary for me to describe 
in detail the services which this eminent scholar and thinker has rendered to 
science. His professorial work at Oxford; his unfailing support of the Royal 
Anthropological Institute and of this section of the British Association; his 
sympathetic encouragement of a younger generation of workers — these are 
familiar to all of us. Many of those now engaged in anthropological work at 
home and abroad date that interest in the study of man, his culture and beliefs, 
which has given a new pleasure to their lives/ from the time when they first 
became acquainted with his “Primitive Culture* and * Researches into the 
History of l^fankind.’ These words enjoy the almost unique distinction that, 
in spite of the constant accumulation of new material to illustrate an advancing 
scLnce, they still maintain their authority; and this because they are based on a 
thorough investigation of all the available material and a profound insight into 
the psychology of man at the earlier stages of culture. He has laid down once 
for all the broad principles which must always guide the anthropologist : that 
a familiarity with the principles of the religions of the lower races is as 
indispensable to the scientific student of theology as a knowledge of the lower 
forms of life, the structure of mere invertebrate creatures, is to the physiologist. 

‘ Few,* he assures us, ‘ who will give their minds to master the general principles 
of savage religion will ever think it ridiculous or the knowledge of it superfluous 
to the rest of mankind. . . . Nowhere are broad views of historical development 
more needed than in the study of religion. . . . Scepticism and criticism are the 
very conditions for the attainment of reasonable belief.* I need hardly say that 
his exposition of the principles of animism, as derived from the subconscious 
mental phenomena of dreams and waking visions, has given a new impulse and 
direction to the study of the religion of savage races. 

Dr. Tylor, on his retirement from the active work of teaching, carries with 
him the respectful congratulations and good wishes of the anthropologists here 
assembled, all of whom join in the hope that the Emeritus Professor may be 
able to devote some of his well-earned leisure to increasing the series of valuable 
works for which we are already indebted to him. 

In his address from this chair Dr. Tylor remarked that twenty years before 
that time it was no difficult task to master the available material. * But now,’ he 
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added, * even the yearly list of new anthropological literature is enough to form a 
pamphlet, and each capital of Europe has its anthropological society in full work. 
So far from any finality in anthropological investigation, each new line of argu- 
ment but opens the way to others behind, while those lines tend as plainly as 
in the sciences of stricter weight and mcasurv. toward the meeting ground of 
all sciences in the unity of Nature.* 

Since these words were written there has been a never-ceasing supply of 
fresh literature, which is well represented in the publications of the present year. 
Every contributor to this science must now be a specialist, because he can with 
advantage occupy only one tiny corner of the field of humanity; and even then 
he is never free from a feeling of anxiety lest his humble contribution may 
have been anticipated by some indefatigable foreign scholar. In short, the 
attempt to give a general exposition of the sciences devoted to the study of 
mankind has been replaced by the monograph. Of such studies designed to 
co-ordinate and interpret the facts collected by workers in the field we welcome 
two contributions of special importance. 

Professor J. G. Frazer has given us a monumental treatise on totemism and 
exogamy, in which, relying largely on new Australian evidence and that col- 
lertcd from Melanesia by Dr. Haddon and his colleagues. Dr. Rivers and 
Dr. Seligmann, he endeavours to prove that totemism originated in a primitive 
explanation of the mysteries of conception and childbirth. As contributing causes 
he discusses the influence <Jf dreams and the theory of the external soul, the 
latter being occasionally found connected with totemism; and he ^joints out that 
one function of a totem clan was to provide by methods of mimetic or sympathetic 
magic a supply of the totem plant or animal on which the existence of the 
community depends, this function being not metaphysical or based on philan- 
thropic impulse, but on a cool but erroneous calculation of economic interest. 
He has also cleared the ground by dissociating totemism from exogamy, the latter, 
as an institution of social life, being, he believes, later in order of time than 
totemism, and having in some cases accidentally modified the totemic system 
while in others it has left that system entirely unaffected. The law of exogamy 
is, in his opinion, based mainly on a desire to prevent the union of near relations, 
and on the resulting belief in the sterilising effects of incest upon women in general 
and edible animals and plants. In dealing with totemism as a factor in the 
evolution of religion he gives us a much-needed warning that' it does not 
necessarily develop, first into the worship of sacred animals cand plants, and 
afterwards into the cult of anthropomorphic deities with saered plants and 
animals for their attributes. In the stage of pure totemism totems arc in no 
sense deities, that is to say, they are not propitiated by prayer and sacrifice; 
and it is only in Polynesia and Melanesia that there are any indicatioiu of a 
stage of religion evolved from totemism, a conclusion which demolishes* hl'ach 
ingenious speculation. It is hardly to be expected that in a field covered by the 
wrecks of many controversies these views will meet with universal acceptance. 
But the candour with which he discards many of his own theories, and the 
infinite labour and learning devoted to the preparation of his elaborate digest, 
deserve our hearty recognition. 

In his treatise on ‘Primitive Paternity,* Mr. E. S. Hartland deals with the 
problems connected with the relations of the sexes in archaic societ;]^. Mother- 
right he finds .4^0 be due not so much to the difficulty of identifying the father 
as to ignorance of physiological facts; and he supposes that the transition from 
mother-right to father-right originated not from a recognition of the physical 
conditions of paternity, but from considerations connected wth the devolution of 
property; as Professor Frazer states the case, it arises from a general increase 
ill material prosperity -leading to the growth of private wealth. 

We also record the steady progress of the great ‘ EncyclopsBdia of Religion 
and Ethics,* under the editorship of Dr. J. Hastings, which promises to provide 
an admirable digest of the results of recent advances in the fields of comparative 
religion and ethnology. 

It is now admitted by all students of classical literature that the material 
collected from the lower races is an mdispensable aid to the interpretation of the 
myths, beliefs, and culture of the Greeks and Romans. Most of our universities 
provide instruction of this kind; and Oxford has opened its doors to a special 
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coTirso of lectures dealing with the rotation of anthropology to the classics. One 
of its most learned mythologists. Dr. L. B. Famell, when about halfway through 
his treatise on tho cults of the Greek states, admitted the increasing value of the 
science in elucidating tho problems on which he was engaged. Even with this 
well-advised change of method he has left the field of peasant religion, nature- 
worship, and magic, which must form the starting-points for the next examina- 
tion of Greek beliefs, practically unworked. The formation of a Roman Society, 
working in co-operation with and following tho methods which have been adopted 
by tho Society for tho Promotion of Hellenic Studies, is a fresh indication 
of tho increasing importance of tho work upon which we are engaged. 

In the field of archaiology Dr. A. J. Evans has commenced tho publication 
of tho Minoan records, which open up a now chapter in the early history of the 
Mediterranean. It is now certain that the origin of our alphabet is not to bo 
found, as Dc Rouge supposed, in the hieratic script of Egypt, but in the Cretan 
hieroglyphs; and that the influence of the Phoenicians in its development was less 
important than has been generally supposed. Before the full harvest of these 
excavations can be reaped we may have to await the discovery of some bilingual 
document, like tho Rosetta Stone, which will solve the mysteries of the Minoan 
syllabary. 

As regards physical anthropology, th© validity of the use of the cephalic 
index, particularly in discriminating the elements of mixed populations, has 
been qnostior.?d. The recent Hunterian lectures delivered by Professor A. Keith, 
as yet published only in the form of a summary, are designed to place those 
investigations on a more scientific basis. In particular increased attention is 
being given to the influence of environment in modifying a structure generally 
so stable as tho human skull. Thus it has been ascertained that tho immigrant 
into our towns, by some process of selection or otherwise, develops a longer 
and narrower head than the countryman. The recent American Commission, 
under the presidency of Professor Boas, reports that * racial and physical 
characteristics do not survive under the new climate and social environment. . . . 
Children born even a few years after the arrival of their parents show essential 
differences as compared with their European parentage. ... Every part of the 
body is influenced, even the shape of the skull, which has albrays been considered 
to be tho most, permanent hereditary characteristic.* Similar results appear from 
a comparison of the American negro with his African ancestor. 

T may refer briefly to tho work on folk-lore. Though in recent years it hjis 
not mainfained tho importance which it at ono time secured in the proceedings 
of this section, wo still regard it as an essential branch of the study of man. 
Tho Folk-Lff.o Society, after thirty-two year’s* useful work, finds that much stib 
re«;;.rtins to be dono in these islands to secure a completo record of popular beliefs 
and traditions, many of which are rapidly disappearing. It has therefore formu- 
lated a scheme for more systematic investigation in tjioso districts which have 
hitherto been neglcct/cd. A committee including representatives of the two allied 
sciences is also engaged on the necessary task of revising and defining tho 
terminology of anthropology and folk-lore. 

The materials collected by field workers in various regions of the world, 
and popular accounts of savage religion, customs, and folk-lore continue to 
arrive in 'such increasing numbers that the need of a central bureau for the 
classification of this mass of facts has become increasingly apparent. It is true 
that wo have suffered a set-back, it is to be hoped only temporary, in fHn 
rejection of an appeal made to the Prime Minister for a grant-in-aid of the Royal 
Anthropological Institute. But if wo persist in urging our claims to official sup- 
port tho establishment of an Imperial Bureau of Ethnology cannot bo long 
deferred. 

Ono result of this accession of fresh knowledge, largely due to improved 
methods of research, is to modify some of our conceptions of savage psychology. 
Wo now understand that side by side with physical uniformity there may be 
wide differences arising from varieties of race and environment. It is becoming 
generally recognised that we can no longer evado th© difficulty of interpreting, 
beliefs and usages by referring them to that elusive personality, primitive man. 
Between the embryonic st^e of humanity and tho present lie vast periods of 
time? and po metbodg of investigation open to us at present offer the hop© of 
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Buccessfally bridging this gap in the historical record. To use the words of 
Professor Frazer ; ‘ It is only in a relative sense, by comparison with civilised 
men, that we may legitimately describe any living race of savages as primitive.’ 
Hence the hypothesis of the unilinear evolution of culture which satisfied an 
earlier school will no longer bear examination. 

Further, not to speak of the artistic endowments of paheolithic man, we 
find to our surprise that a r«ace like the Australian Arunta, whose lowness in the 
scale of humanity does not necessarily connote degradation, has worked out 
with exceptional ability through its tribal council their complex and cumbrous 
systems of group marriage and totemism. They have developed a cosmogony 
which postulates the self -existence of the universe; they have reached a l^lief 
in reincarnation and transmigration of the soul. So far from their social system 
being rigid it is readily modified to suit new conditions. They live in peace with 
neighbouring tribes, and have established the elements of international law. On 
the moral side, though there is much that is cruel and abhorrent, they arc not 
wanting in kindliness, generosity, gratitude. The savage, in short, is not such 
an unobservant simpleton as some are inclined to suppose; and any interpretation 
of his beliefs and usages which ignores this fact is certain to bo misleading. 

This popularisation of our science has not, however, been universally wel- 
comed. It has been urged with much reason that this overabundance of material 
tends to encourage an unscientific method, particularly the comparison of isolated 
facts without due regard to the context of culture to which they are organically 
related. There is much force in this contention; and probably '*’hcn the work 
of this generation comes to be critically reviewed wo shall be rightly charged with 
rashly attempting a synthesis of facts not generically related, with reposing too 
much confidence in evidence collected in a haphazard fashion, and with losing 
sight of their historical relations in our quest after survivals. Those who have 
practical experience of work among savage or semi-savage races understand the 
difficulty of collecting information on subjects outside the range of their material 
interests. Only a skilled linguist is able to interpret their hazy religious beliefs. 
We fail to evolve order from what is and always must be chaotic; we fail to 
discriminate religion from sociology because both are from the savage point 
of view identical ; and generally it is only the by-products of religion, such as 
demonology, witchcraft, mythology which reward our search. The most dogmatic 
among us, when they consider the divergent views of Messrs. Spencer and Gillen 
and Strehlow, may well hesitate to frame theories about the Arunta. 

In the next phice it has been objected that the scientific side of anthropology 
is in danger of being submerged by a flood of amateurism. It is only within 
recent years that a supply of observers trained in scientific methods has become 
available. Much of the work in India, the Dominions, and oth.r parts of the 
Empire has been done by amateurs, that is to say, by officers in the service cf^he 
Crown, missionaries, or planters, who understand the languages, manners, and 
prejudices of the people, but have not received the advantage of scientific 
training. Some of this work is, in its kind, useful; but there seems reason to 
believe that inquiries conducted by this agency have almost reached their limit. 
The existing material may be supplemented and corrected by workers of the same 
class; but from them no important additions to our knowledge can reasonably be 
expected. 

Criticisms., such as these have naturally suggested proposals for improving the 
qualifications of this agency by providing a course of training for public ser- 
vants before they join their appointments ; and excellent arrangements with this 
object have been made by several of our universities. In addition to this schemes 
are in the air for the establishment of a School of Oriental Studies in London 
or of a College for Civilians in Calcutta. We must, however, recollect that the 
college established by Lord Wellesley at the beginning of the last century with 
the intention, to use his own words, of promoting among junior officers ‘an 
intimate acquaintance with the history, language, customs, and manners of the 
people of India,’ failed to meet the aims of its founder. We must also 
remember that recruits for the Colonial services do not undergo any training in 
this country; and that in the case of the Covenanted Civil Service of India the 
period extends only to a single ;^ear, during which the candidate is expected 
to learn the rudiments of at least one Oriental language and to acquire some 
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knowledge qf the law and history of India. It seems obvious that this leaves 
little time for the .scientific study of anthropology ; and the most that can be ex- 
pected is to excite in the young official a desire to study the native races and to 
define the subiects to which his attention may usefully be directed. There is, 
again, the obvious risk of letting* loose the half-trained amateur among savage or 
Bomi -savage peoples. He may see a totem in every hedge or expect to meet a corn- 
spirit on every threshing-floor. Ho may usurp the functions of the arm-chair 
sintliropologist by adding to his own proper business, which is the collection of 
facts, an attempt to explain their scientific relations. As a matter of fact, the true 
anthropologist is born, not made; and no possible course of study can be useful 
oxccy)t in the case of the few who possess a natural taste for this kind of work. 

Having then pr.'ictically exhausted our present agency it is incumbent upon 
ufi topless upon the Governments throughout the Empire the necessity of entrust- 
ing ihc siiporvi.sion of ethnographical emveys to specialists. This principle 
lia.s Ixvm recognised in the case of botany, geology, and archaeology, and it is high 
time that it was extended to anthropology. It is the possession of such a trained 
stuff that lias enabled the American Government to carry out with success a survey 
of the nativea of the Phili])pinc Islands; and it is gratifying to record thtat the 
Canadian legislature, in response to resolutions ladopted by this section at the 
Winnipeg meeting, hfis recently voted funds to provide the salary of a superin- 
tendent of the ethnological survey. Wo may confidently expect that other 
government.s throughout tho Empire will soon follow this laudable example. These 
governments svill, of course, continue to collect at each periodical census those 
statistics and facts of sociology and economics which are required for purposes 
of administration. But beyond these practical objects there are questions which 
can ho adequately investigated only by specialists. 

Tho duties of such a director will necessarily be threefold : First, to sift, 
arrange, and co-ordinate the facts already collected by non-scientific observers; 
secondly, to initiate and control special investigations, in particular that intensive 
study of smaller groups within a limited area which, in the case of the survey 
of the 'J'odas by T)r. Rivers, has so largely contributed to our knowledge of that 
tribe. Such mclhods not only open out new scientific fields, but — and this is 
perhaps more important— establish a standard of efficiency vhich improves later 
surveys of these or neighbouring races. 

Tho field for inquiry throughout the Empire is so vast that there is ample 
room for expeditions independent of official patronage. In some respects the 
private traveller possesses advantages over the 6fficial — ^in his freedom from tho 
bondage of red tape and from the suspicion which inevitably attaches to the 
servant of government that his inquiries are conducted with the object of impos- 
ing taxation 6r of introducing some irksome^'measurcs of administration. Ho is 
aly*.iys sure to receive the aid of local officers, whoso familiarity will! the native 
races must be of the highest value. 

The third duty of thq director will be to organise in a systematic way the 
collection of specimens for home and colonial museums. Our ethnographical 
musciiins, as a whole, have not reached that standard of efficiency which the 
importjince of the Empire and the needs of tra'Ining in anthropology obviously 
require; and our students have to seeK in museums at Berlin and other foreign 
cities for collections illustrative of tribes which have long been subject to British 
law. It is only necessary to refer to the recent handbook of the ethnographical 
collections in the British Museum to see that there are wide gaps in the series 
which might easily be filled by systematic effort. No time is to bo lost, because 
the tragedy of the extinction of the savage is approaching the final act, and our 
grandchildren will search for him in vain except perhaps in the slums of our 
greater cities. 

Assuming then that in the near future anthropological inquiries will be 
organised on practical lines, I invite your attention to some special problems in 
India which deserve intensive study, and which can be solved in no other way. 
India is a most promising field for such inquiries. Here the student of compara- 
tive religion can trace with more precision than is possible in any other part 
of the Empire the development of animism and the interaction on it of the forces 
represented by Buddhism, Hinduism, Islam,' and Christianity. The anthropo- 
logist can observe the most varied types of moral and material culture, from 
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those represented by the heirs of its historic civilisntion do>vn to forest and 
depressed tribes little raised above the level of savagery. 

The first question which awaits examination is that of the prehistoric races 
and their relation to the present population. Unfortunately the materials for 
this inquiry arc still imperfect. The operatio.m of the Archeological Survey, 
\v^ith the .scanty means at its disposal, have rightly been concentrated upon the 
remains of architecture in stone, which starts from the Buddhist period, and 
upon the conservation of the splendid buildings which are our inheritance from 
older ruling powers. Tho prehistoric materials have been collected by casual 
workers who were not alwtays careful to record the localit-ies and circumstances 
of the discovery of their contribution to the local museums. Many links are 
still wanting, some altogether absent from Indian soil ; others which systematic 
search will doubtless supply. We can realise what tho position of prehistoric 
archajology in Europe would be if tho series of burrows, tho bone carvings 
of the cave-dwellers, tho relics from kitchen-middens- and lake dwelling.s were 
absent. Tho caves of central India, it is true, have supplied stone iinjdc- 
ments and sonic rude rock paintings. But tho secrets of successive hordes of 
invaders from the north, their forls .and dwollincrs, lie deep in the alluvium, 
or are still covered by shapeless mounds. Tropical heat and torrential rain, the 
ravages of treasure-hunters, the practice of cremation have destroyed much of 
the remains of the dead. The epigraphical evidence is enormously later in date 
than that from Babylon, Assyria, or Egypt; and the Oriental indiff4Tcnce to tho 
past and the growth of a sacred literature written to sub.serve tho interests of a 
priestly class weaken the value of the historical record. 

Further, India possesses as yet no seriation of ceramic types such as that 
devised by Professor Flinders Petrie which has enabled him to arrange tho 
Egyptian' tombs on scientific principles, or that which Professor Oscar Montelins 
has established for the remains of the Bronze Age. ^Tr. Marshall, the Director 
of tho Arehajological Survey, admits that tho Indian museums contain few 
specimens of metal work tho age of which is oven approximately known. 

Though tho record of the prehistoric cultiiro is imperfect, we can roughly 
define its successive stages. 

The palaeolithic implements have been stmlied by Mr. A. C. Logan, whose 
work is useful if only to shoAV the complexity of tho problem. Those found in 
the laterite deposits belong to tho later Pleistocene period, and display a terhniiiiie 
similar to that of tho river-drift scries from western Europe. Tho Eoliths, 
which have excited such acute controversy, have up to the pre.s<;nt not been 
discovered; and so far as is at present known the paleolithic series from India 
apfieap to bo of later date than the European. Palieolithic man stxmis to have 
occupied t-ho eastern coast of tho pc^ninsula, whence he migrated inland, using in 
turn quart/ose, chert, quartzite, limestone, or sandstone for his w capons'; *^ikat 
is to say, he seems not to have inhabited those districts which at a later time 
were seats of neolithic culture. Early man, according to what is perhaps the 
most reasonable theory, was first snecialised in Malaysia, and his northward 
route is marked by discoveries at .Inhore and other sites in that region. Thence 
he possibly passed into India. The other view represents palaeolithic man as 
an immigrant from Europe. At any rate, his occupation of parts of southern 
India was antecedent to the action of those forces which produced^ its present 
form ere the great rivers had excavated their present channels, and prior to the 
deposition of the ma.s.ses of alluvium and gravel which cover the implements 
which are the only evidence of hi.s existence. 

Between the palaeolithic and the neolithic races there is a great geological and 
cultural gap ; and no attempt to bridge it has been made except by the suggestion 
that the missing links may be found in the cave deposits when they undergo 
examination. 

There is reason, however, to believe that the neolithic and the Iron Ago 
cultures were continuous, and that an imnortant clement in the present popular 
lion survives from the neolithic period. Belies of the neolithic are much more 
widely spread than those of the palfeolithic age. They extend all over southern 
India, the Deccan, and the centi^ or Vindhyan range. Un to the present 
tl^y are scanty in the Punjab and Bengtd; but this may be due to failure to 
discover or identify them. Mr. Bruce Foote has discovered at various sites in 
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the south factories of neolithic implements associated with wheel-made pottery of 
a fairly advanced type, showing that the Stone Age has survived side by side 
With that of metal down to oomparatively recent times. The Veddas of Ceylon, 
axvA NaxvsuA m cenltsA. and 

^xiSOtvfeTTv'Vsv^vtt., vct«s, ore 'wojeo r^\W. xokatvV. Vatcvo?^, *vk\ *Ccvfc Ksjj& oV '^Vjwrri. \xv 

tact, when we speak of ^ ages of stone or metal we must not regara tliem as 

representing division of time but generally continuous phases of culture. 

There is no trustworthy evidence for the existence of an Age of Bronze. 
The single fine implement of this metal which has been discovered is probably, 
like the artistic vessels from the Nilgiri interments, of foreign origin ; and other 
implements of a less defined type seem to be the result of imperfect metallurgy. 
This is not the place to discuss the problem of the origin and diffusion of bronze. 
Babylon, Asia Minor, and China have each been supposed to be a centre of 
distribution. The Egyptian specimen attributed to the third dynasty, say before 
the fourth millennium b.c., is believed by Profes.sor Petrie to be the result of a 
chance alloy; but the metal certainly appears in Egypt about 1600 b.c., and it is 
believed to have originated in central Europe, where the Zinnwald of Saxony 
or the Bohemian mines provided a supply of tin. The absence of a BronM Age 
in India has been explained by the scarcity of tin and the impossibility of 
procuring it from its chief source in the Malay- Biirmfin region, where the mines 
do not seem to have been worked in ancient times. But another view desserves 
consideration. Professor Ridgeway has shown that all the sites where native 
iron is smeltfid are those whore carboniferous strata and ironstone have been 
heated by eruptions of basalt ; and iron was thus produced by a natural reduction 
of the ore. In Africa as well as India the absence of the Bronze Age seems to 
be due to the abundant supplies of iron ores which could be worked by processes 
simpler than those required in the case of bronze. In India iron may have been 
independently discovered towards the close of the neolithic period, and iron 
may have displaced copper without the intervention of bronze. 

However this may be, the Copper Age in India, which has been carefully 
studied by Mr. V. A. Smith, is of great importance. Implements of this metal 
in the form of flat and bar celts, swords, daggers, harpoon, spear, and arrow 
heads, with ornaments and a strange figure, probably human, have been found 
at numerous sites in northern India. In western Europe, according to Dr. 
Munro, the Copper Age was of short duration; but Mr. Smith believes that in 
India the variety of types indicates a long period of development. 

No mention of iron occurs in the Rig-Vcda;*but it appears in the Atharvan, 
which cannot be dated much later than 1000 b.c. It is now recognised that there 
is a still obscure stratum of Babylonian influence underlying the Aryan culture; 
and if, as is generally supposed, the manufa^^ture of iron was established by the 
Cleftlybcs at the head-waters of the Euphrates, who passed it down 'tfie delta, its 
use may have spread thence among the Indo-Aryans. It certainly appears late in 
the south Indian dolmen period ; and we have the alternatives of believing that it 
was introduced there by the Dravidian trade with the Persian Gulf, which cer- 
tainly arose befoi’c the seventh century before Christ, or that it was indepen- 
dently discovered by the Dravidians, who still Extract it in a rude way from the 
native ores. 

The great series of dolmens, circles, and kistvaons which cover the hills and 
plateaux of the Deccan and the region to the south seem to belong to the Iron 
Age. Whether the construction of these monuments was due to the migration of 
the dolmen-building race from northern Africa, or whether the builders were a 
local people utilising the material on the spot must remain uncertain. The 
excavations conducted by Mr. Broeks and others disclose tall jars, many-storeyed 
cylinders of varying diameter, with round or conical bases, fashioned to rest on 
pottery ring-stands, like the classical amphorae, or to be imbedded in softer soil. 
The lids of these vessels are ornamented with rude, grotesque figures of men, 
animals, or more rarely inanimate objects, depicting the arms, dross, ornaments, 
and domesticated fauna of the period. It has been suspected that these figurines 
may be of a date earlier than the implements of iron with which they are 
associated, and that they were deposited w^th the dead in a spirit of religious 
conservatism. At any rate, the costumes and arms represented on the dlder 
pottery present no resemblance to those depicted on the later series of dolmens 
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and kistvaeng. Th« pottery alao geems to belong to different periods, the larger 
jars being of a later date than the true funereal urns which are found at a lower 
\eve\, and coutiam a few cremated bones, gold ornaments, bronze and iron rings, 

VeaAs ot Tev^tccded VrewMi as axv arSKAek 

\wx.\xTy, aa v\* a.pxMaa«& v\\ Wisi ^oviw ol oTixmwewVM w ol ts\A»T\iY\i\ 

vases preserved in the Madras Museum. It is difficult to supiiosu that these wero 
of local origin; more probably they were imported in the course of trade along 
the western coast or from more distant regions. 

Another and equally remarkable phase of culture, combining distinctly savage 
features with a fairly advanced civilisation, is illustrated by the Adittanalur 
cemetery in the Tinrievelli district recently excavated by Mr. Rea. Two skulls 
discovered here are prognathous, suggesting a mixture of the Negrito and Dra- 
vidian types. There is no trace of cremation, and in most cases the smallness of 
the urn openings implies that the corpses were exposed to birds of prey, and that 
only such bones as could be discovered after removal of the flesh were collected 
for interment'; or, acx'ording to another interpretation of the facts, we have 
an instance of the custom of mourn£r.s carrying with them, like the modem 
Andamanese, the relics of the dead. These interments certainly extended over 
a king period, neolithic weapons being found in some graves, while in others 
iron arms were discovered fixed point downwards near the urns, as if they had 
been thrust into the ground by the mourners. In the richer graves gold frontlets, 
like those of Mycenm and other Greek interments, were fast tried over the fore- 
head of the corpse. These were, like the Greek specimens, of such a flimsy type 
that they could never have been used in real life. It is a remarkable instance 
of a survival in custom that at the present day some tribes in this region tie a 
triangular strip of gold on the forehead of the dead, the import of which, on the 
analogy of the death masks of 8i<^, (yambodia, ancient Mexico, and Alaska, we 
may interpret as an attempt to guard the corpse from the glances of evil spirits 
while the spirit is on its way to deathland, or to be used in processions of the 
corpse. 

The question remains : To what races may we attribute these successive 
phases of culture in soutliern India? The Tamil literature, as interpreted by 
Bishop Caldwell and Mr. V. Kanakasabhai, shows the existence of an advanced 
type of archaic culture in this region; but the evidence to connect this with the 
existing remains is as yet wanting. We may reasonably assume that neolithic 
man survives in the existing population, because we have no evidence of sub- 
sequent extensive migrations, except the much later arrival of Iiido-Aryan 
colonies from the north, and that of the Todas, whom Dr. Rivers satisfactorily 
identifies with the Nayars Jind Nambutiri Brjibrnans of Malabar. 'Vhe occurrence 
of a short h'=taded strain among some tribes in western India probably repr^ents 
some prehistoric migration by sea or along the coast line from the dircctioil^of 
Baluchistan or the Persian Gulf. The suggestion that it is the result of a 
Scythian or Hun retreat from northern India in the face of an advancing Aryan 
movement is not corroborated by any historical evidence, and is in itself improb- 
able. The customs of dolmen and kistvaen burial still persist among some of 
the present tribes, and they display some reverence for the burial-places of their 
forgotten predecessors. This feeling may, however, be due to the habitual 
tendency of the Hindu to perform rites of propitiation at places supposed to be 
the haunts of jspirite, and need not necessarily connote ru<‘ial identity. 

The most primitive type identifiable in the population of south India is the 
Negrito, which appears among the Veddas of Ceylon, and among the Andaman- 
ese, who retain the Negrito skin colour and hair, bit have acquired, probably 
from some Mongoloid stock, distinct facial characters. It has been the habit 
with some writers to exaggerate the Negrito strain in the south. But tribes like 
the Badagas and Kotas, which have been classed as representative of this type, 
possess none of the Negrito characters, which appear only among the more 
primitive Kuruinbas, Malayans, Paniyans, and Irulas. In all the modern tribes 
the distinctive Negrito marks — woolliness of hair, prognathism, lowness of stature, 
and excessive length of arm — have become modified by miscegenation or the 
influences of environment. • 

The resemblances in culture of the Indian Negrito with the cognate races to 
the east and south-east of the Peninsula are too striking to be accidental. The 
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Kadirs of Madras climb trees like the Bornean Dayaks, clip their teeth like th^ 
Jakun of the Malay Peninsula, and wear curiously ornamented hair-combs like 
the Semang of Perak, among whom they serve some obscure magical purpose. 
The Negrito type deserves special|.cxamination in relation to the recent discovery 
of Pygmies in New Guinea, and the monograph on the Pygmy races in general 
by Dr. P. W. Schmidt, who regards them as the most archaic human type, from 
which he supposes the more modern races were developed, not by a process of 
gradual evolution, but per valium. If there bo any force in these speculations he 
is justified in expressing his conviction that the investigation of the Pygmy races 
is, at the present moment, one of the weightiest and most urgent, if not the most 
weighty and most urgent, of the tasks of ethnological and anthropological science. 

This Negrito stock was followed and to a considerable extent absorbed by that 
which is usually designated the Dravidian. The problem of the origin of this 
race has been obscured by the unhappy adoption of a linguistic term to designate 
an ethnical group, and its unwarrantable extension to the lower stratum of the 
population of northern India. At present the authorities are in conflict on this, 
the most important question of Indian ethnology. One school denies that this 
people entered India from the north or north-west on the ground that the immigra- 
tion of a dolichocephalic race from a brachycephalic area is impossible, and 
insists that the distinction between the so-called Dravidians and Kolarians is 
linguistic, not physical. The other theory postulates the origin of the Dravidians 
from the north west, that of the Kolarians from the north-east; and avoids the 
difficulty of head form by referring the Dravidians to one of the long-headed 
races of central or western Asiii or north Africa, or by suggesting that their skull 
form has become modified on Indian soil by environment or miscegenation. 

Itccent investigations, archaeological or linguistic, throw some new light on 
this complex problem. Sir T. Holdich, in his recent work ‘ The Gates of India,’ 
asserts that Makran, the sea-board division of Baluchistan, is full of what he 
calls * Turanian,’ or Dravidian remains. He explains the position of the Brahui 
tribe in Baluchistan, on whom the controversy mainly turns, by assuming that 
while they now call themselves Mingal or Mongal and retain no Dravidian 
physical characters, the survival of their Dravidian tongue is due to the fact 
that it is their mother-language, preserved by Dravidian ■^^omen enslaved by 
Turo-Mongol hordes. Relics of the original Dravidian stock, he suggests, may 
be found in the Ichthyophagi, or fish-eaters, whom Nearchus, the admiral of 
Alexander the Great, observed on the Baluchistan coast, living in dwellings 
made of whale-bones and shells, using arrows and spears of wood hardened in 
the fire, with claw-like nails and long shaggy hair, a record of the impression 
made upon the curious Greeks by the first sjght of the Indian aborigines. 

JtA the next place, inquiries by Dr. Grierson in the course of the* Linguistic 
Survey prove that what is called the Mon-khmer linguistic family, which preceded 
the Tibeto-Burman in the occupation of Burma, at one time prevailed over the 
whole of Further India, from the Trawadi to the Gulf of Tongking, and extended 
as far as Aasam. To this group the Munda tongue spoken by some hill tribes 
in Bengal is allied; or, at least, it may be said^that languages with a common 
substratum are now spoken not only in Assam, Burma, Annam, Siam, and 
Cambodia, but also over the whole of Central India as far west as the Berars. 

‘ It is,’ sayETDr. Grierson, ‘a far cry from Cochin-China to NimAr, and yet, even 
at the present day, the coincidences between the language of the Korkus of the 
latter district and the Annainese of Cochin-China arc strikingly obvious to any 
student of language who ^urns his attention to them. Still further food for 
re {lection is given by the undoubted fact that, on the other side, the Munda 
languages show clear traces of connection with the speech of the aborigines of 
Australia.* The last assumption has been disputed, and it is unnecessary to 
discuss thi.s wider ethnical grouping. Though identity of language is a slippery 
basis on which to found an ethnological theory, it seems obvious that the intru.sive 
wedge of dialects allied to the Mon-khmer family implies that the Central Indian 
region was at one time occupied by Immigrants who forced their way through the 
eastern Himalayan passes, their arrival being antecedent to the migration which 
introduced the Tai and Tibeto-Burman stocks, into Further India. 

When the solution of this problem is seriously undertaken under expert 
guidance, the first step will be to make an exhaustive survey of the group of 



PRSStDEKTIAL ADDRESS. 


725 


forest tribes, from the Santals and Paharias on the east, passing on to the Kols 
and Gonds, and ending with the Bhils on the west. At present our information 
of the inter-relations of these tribes is fragmentary, and their sni)eriicial uni- 
formity does not e:!ulude tJio possibility that they represent more than one racial 
element. It will also be necessary to push inquiry beyond the bounds of the 
Indian Empire, and, like the trigonometrical surveyor, to fix the base lino os a 
datum in India, and extend the triangulation through the borderlands. It is in 
these regions that the ethnological problems of India await their final solution. 
Many of these countries are still beyond our reach. Until the survey of the 
routes converging at Herat, Kabul, or Kandahar is complete the extent of tin* 
intluenoe of the western races — Assyrian, Babylonian, Iranian, Arab, and Greek - 
cannot be determined. Recent surveys in Tibet have thrown much light on that 
region, but it is still only very partially examined. In Nepal the suspicious 
native government still bars the way to the Buddhist sites in the Tarai and 
the Nepal valley, and thus a wide chapter in the extension of Hindu influence 
beyond the mountain range remains incomplete. 

The second great problem is tho origin and development of caste. We have yet 
to seek a definition which will cover the complex phases of this institution, and 
effect a reconcilement between the views of Indian observers who trace it to tho 
clash of races or colours, and that of the sociologists, who lay little stress on 
race or colour and rely more upon the influence of environment, physical or moral. 
We must abandon the insular method which treats it only in relation to India, 
and ignores the analogous grouping of rank and class which were prepotent in 
western Europe and elsewhere, and are now slowly losing ground in the face 
of industrial development. It is by the study pf tribes which are on the border- 
land of Hinduism that we must look for a solution of the problem. The conflict 
of the Aryan and aboriginal culture, on which tho religious and social systems 
of Hinduism were based, is reproduced in tho contact between modern Hinduism 
and the forest tribes. Since the Hindus are the only members of tho Aryan 
stock among whom we find endogamous groups with exogamous sections, the 
suggestion of Professor Frazer that they may have borrowed it from the non- 
Aryans gains probability. The Dravidians within the Indian totemic area have 
worked out an elaborate system of their own, which is well described in the 
recent survey of tho Malayans by Mr. F. T. Richards. How far this is connected 
with their preference for mother-right and their strong family organisation, of 
a more archaic type than the joint family of the Aryans, is a question which 
deserves examination. The influence, again, of religion must be considered, and 
this can be done with the most hopeful results in regions like eastern Bengal, 
whore a people who have only in a very imperfect way adopted. Hinduism are 
now being converted wholesale to Muhammadanism. - 

Again, when we speak of the tribe in India, we must remember tha?^ it 
assumes at least seven racial types, ranging from the elaborate exogamous groups 
of tho Rajputs to the more archaic form characteristic of the Baloch and Pathiln 
tribes of the western frontier, attached to which are alien sections affiliated by 
the obligation to join in the common blood-feud, which in process of time 
develops into a fiction of blood-brotherhood. Thus among the Marri of 
Baluchistan we can trace tho course of evolution : admission to participate in 
the common blood-feud, admission to participation in a share of thcb tribal land, 
and finally admission to kinship in the tribe. 

This elasticity of structure has permitted not only the admission of non- 
Aryan tribes into the Rajput body in modem times, but prepares us to understand 
how the majority of the Rajputs were created by d similar process of fusion, 
the newcomers being known as the Gurjaras, who entered India in the train of 
tho Huns in the fifth or sixth centu^ of our era. Tho recognition of this 
fact, by far the most important contribution made in recent times to the ethnology 
of India, is due to a group of Bombay scholars, the late Mr. A. M. T. Jackson, 
whose untimely death at the hand of an assassin we deeply reg^pet, and Messrs. 
R. G. and D. R. Bhandarkar. Mr. D. R. Bhandarkar has recently proved that n 
group of these Gurjara Huns, possibly the tribal priests or genealogists, were 
admitted first to the rank of Brahmans, and then, by a change of function, of 
which analogies are found in the older Sanskrit literature, becoming Rajputs, arc 
now represented by the Guhilots, one of the proudest septs. This opens up a new 
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view of tribal and caste development. Now that wo can certainly trace the blood 
of the Huns among the Rajput, Jat, and Gujar tribes, a fresh impulse^ will be 
given for the quest of survivals in belief and custom connecting them with their 
central Asian kinsfolk. ^ ^ 

In what I have said I have preferred to speculate on a programme for work in 
the future rather than dwell upon the progress which has been already made. Jn 
the sphere of religion we have passed the stage when, as Professor Max Muller 
said, ‘ the best solvent of the old riddles of mythology is to be found in the 
etymological analysis of the names of gods and goddesses, heroes and heroines,’ 
or when the ‘ disease of language ’ theoiy was generally accepted. The position, 
in fact, has completely changed since Comparative Religion has adopted the 
methods of Anthropology. The study of myths has given way to that of cults, 
the former being often only naive attempts to explain the latter. India offers 
wide fields for inquiry by these new methods, because it supplies exainples of 
cult in its most varied and instructive phases. The examination of Hinduism, the 
last existing polytheism of the archaic type, is likely to explain much hitherto 
obscure in the development of other pantheons. It is no longer possible to refer 
the complex elements of this or any other group of similar beliefs lio a single class 
of physical concepts. The sun, the dawn, the golden gates of sunset, or the 
dairy no longer furnish the key which unlocks the secret. It is by the study of 
the Animism, Shamanism, or Magic of the lower tribes that Hinduism can be 
interpreted. This analysis shows that behind the myths and legends which 
shroud the forms of the sectarian gods the dim shape of a Mother-goddess ap- 
y)earB, at once chthonic; or malignant because she gives shelter to the dead, and 
beneficent because she nurtures the sons of men with the kindly fruits of the 
earth. Beside her, though his embodiment is much less clearly defined, stands 
a male deity, her consort, and by a process of magic, mimetic, sympathetic, or 
homceopathic, their union secures the fertility of the animal and vegetable creation. 

Much, however, remains to be done before the problems of this complex 
polytheism can be fully solved. The action of archaic religions, as has been 
well said, * takes place in the mysterious twilight of sub-consciousness*; and the 
foreign observer is trammelled by the elaborate system of tabu with which the 
Hindu veils the performance of his religions rites. This feeling extends to all 
classes, and the coremonial of the jungle shrines is as little open to examination 
as the 'penetralia of the greater temples. The groat army of mendicant friars 
jealously conc'cals the eecrets of its initiation, rj^es, and beliefs, and this field 
of Indian religious life remains practically unworked. Much may be done by 
the training of a body of native observers who are not subject to the tabu 
imposed upon /he foreigner. Here the difficulty lies in the contempt displayed 
by tlvv higher educated classes towards the befiefs and usages of the hwer tribes. 

Tii^cre are some indications that this feeling is passing away, and in recent yeurs 
much useful ethnological work has been done by native scholars. 

The problems of ethnology, so far as they are concerned with the origin of 
prehistoric races and their relation to the existing population, are more or less 
academic. Ethnography, which examines the religious, cultural, and industrial 
conditions of the people, has more practical uses. At the present time it is 
incumbent upon us to preach, in season and out of season, that the information 
which it is .competent to supply is the true basis of administrative and social 
reform. If, for example, we were now in possession of the fa^ts which an 
anthropometrical survey of our home population would supply, many of our 
social problems would assume a clearer aspect. Such, for instance, are the 
questions of degeneration due to slum life and malnutrition, the influence of 
alcoholism on industrial efficiency, the condition of dangerous and sweated 
industries, and that of the aliens settled in our midst. It is characteristic of 
the genius of the English people that, while we are not yet prepared to admit 
the need of such a survey, the provision of medical inspection and relief for 
children in elementary schools will soon render it inevitable. 

This is more clearly the case in those regions where a large native population 
is controlled by a small European minority. The Negro question in America 
teaches us a useful lesson, applicable to native .races in most parts of the Empire. 

In India, whenever the Government has made really serious mistakes, the failure 
has been due to ignorance or disregard of the beliefs or prejudices of the subject 
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people. A little more than a century ago a mutiny of native troops at Vellore 
was due to injudicious attempts to change a form of headdress which they 
believed to be a symbol of their religion or caste; ignorance of the condition of 
the Santals allowed them to be driven to frenzy by the extortions of moneylenders 
which culminated in a serious outbreak; the gi'eascd cartridges of the Great 
Mutiny, and the revolt against measures, adopted in defiance of native feeling, 
to check the plague epidemic, teach a similar lesson. 

In India at the present time * the old order changeth, yielding place to new ’ ; 
and at no period in the history of our rule was it more necessary to effect a 
reconciliation between the foreigner and the native. While the tabus of marriage 
relations and comrnensality will for an indefinite period prevent the amalgamation 
of the races, much of the present disquiet is due to ignorance and misunderstand- 
ing on both sides. The religious and social movements now in progress deserve 
the attentive study of the British people. In religion various attempts are being 
made to free Hinduism from some of its most obvious corruptions, to harmonise 
Eastern and Western ideals, and to elevate the former so as to enable them to 
resist the pressure of the latter. Such is Vedantism, a revival of the ancient 
pantheistic philosophy, which not only claims supremacy in India, but asserts 
that its mission is to replace the dying faiths of the Western world. The spread 
of monotheism, as represented by Bhagavata beliefs, is equally noteworthy ; and 
the effect of the revival of the culte of Ganpati, god of luck, and of Savaji, the 
Mahratta hero, on the political situation in the Deccan deserve the most careful 
consideration. 

The social movement is the result of that fermentation which is in progress 
among the subject peoples in many parts of the world. While the educated 
Indian claims social equality with the foreigner, he is occupied with a serious 
problem at his own doors. The degraded castes, popularly called the * untouch- 
ables,’ arc revolting against the obloquy which they have long endured at the 
hands of the higher races. Many of them have sought relief by joining the 
Christian or Muhammadan communities, and the process of conversion is so 
remarkable as to excite the surprise and alarm of the orthodox classes. Measures 
have been designed to improve their almost intolerable position. It remains to 
be seen how far any concessions which are likely to satisfy them can be reconciled 
with the ideals of the cast© system. 

It is true that the people of India prefer to celebrate many of their religious 
and social rites free from observation of the foreigner, and that there are for- 
bidden chambers in the Oriental mind which no stranger may enter. But the 
experience of those best qualified to express an opinion is that a sympathetic 
interest in the religious and social life of the people, so far from tending to 
increase the existing tension, is a valuable aid towards the promotion of mutual 
goodwill and sympathy. Orthodox native States not only show no aversion *<4.0 
ethnographical inquiry, but are themselves actively engaged in such surveys. 

Even the Rajputs, who ordinarily display little tasto for scientific work, are 
beginning to undertake the collection of the bardic chronicles which embody their 
tribal folk-lore and traditions. 

When the divergencies in the beliefs and institutions of the foreigner and 
the indigenous races are realised and understood, a compromise must be effected, 
each side discarding some hereditary prejudices-— the Hindu that aversion to the 
manners and enstoms of the European which is the chief barrier to the promotion 
of intercourse between the riices ; the European that insularity of thought which 
makes it difficult for him to understand all that is valuable in novel types of 
belief and culture, as well as that lack of imagination which inclines him to 
exaggerate what seems to him intolerable in the economical condition, the social 
^organisation and beliefs of races whose environment differs from his own. 

Anthropology has thus a practical as well as a scientific side. The needs of 
inquirers whose interest mainly lies in the investigation of survivals and in the 
stages of evolution in culture and belief can, as I have endeavoured to show, be 
met only by the adoption of improved methods of inqui^ and a more rigorous 
dissection of evidence. Unfortunately the inadequate resources of the societies 
devoted to the study of man, as gontrasied with the extent of the sphere of 
inquiry and the importance of the savage or semi-savage races as factors in the 
progress of the Empire, prove that the practical value of anthropology is as yet 
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only imperfectly realised. If its progress is to be continuous wo must convince 
the politician that it has an important part to play in the schemes in which he is 
interested. Thus it is certain that in the near future the relations between the 
foreigner and the native races will demand the increasing attention of statesmen 
at home and abroad. "Here anthropology has a wide field of action in the 
examination of the causes which menace the very existence of the savage ; of the 
condition of the mixed races, like the Creole or the Eurasian ; of the relations of 
native law and custom to the higher jurisprudence; of the decay of primitive 
industi^ies in the face of industrial competition. One of its chief tasks must be 
the examination of the physical and moral condition of the depressed classes of 
our home population, and the effect of modern systems of education on the mind 
and body of the child. It will thus be in a position to assist the servants of the 
State to meet the ever-increasing responsibilities imposed upon them ; and it will 
help to dispel the ignorance and misconceptions which prevail even among the 
intelligent classes in this country in regard to the condition of the native races, 
who, by a strange decree of destiny, have been entrusted to their charge. By such 
practical contributions to the weilarc of humanity it will not only secure the 
popular interest which is a condition of efficiency, but engage the ever-increasing 
attention of those to whom its scientific side is of paramount importance. 


The following Papers were then read : — • 

1. The People of Cardiganshire} 

By Professor 11. J. Fleuue, D.Sc., and T. C. James, M,A, 

An anthropornetrical survey of the Welsh population has been in progress for 
sonic years, and detailed observations of about 1,500 adults have been taken. 
The observations include the facts of descent, pigmentation, features of head and 
face, fourteen measurements in the head region, and determination of standing 
height and length of limbs, and all the facts for each individual are recorded 
on a card which is retained for further analysis. It is worthy of note that the 
only measurements which have betm found useful for analytical work thiLS far 
are those of head-length, head-breadth, bizygomatic-breadth, bigonal-brcadth, 
auriculo-nasal radius and auriculo-alveolar radius, in addition to those of stature 
and limbs ; and the further work of the survey, will be lightened by restricting 
attention to theso features and notes on family history, pigmentation, and other 
features. The present paper is a first rcixirt, and deals with the characteristice 
of 5120 adult n'^ales whose family history, so^far as it is known, shows that they 
beloijg* exclusively to Cardiganshire, though tliat name is not used in the exact 
s«^ise, but is held to denote the region bounded by the river Dyfi, the Plynlimnion 
anticline, Myiiydd Presccly, and the sea. 

The foundation of the population is of Mediterranean type, characterised by 
great length and size of head, dark brown to black hair, slight prognathism, 
stature slightly below the average (1,G71 mm.), largely through the absence of 
very tall individuals, and a somewhat high ratio of length of leg to stature. All 
the characteristics are shown most markedly among the men with black hair, 
dark fresh *3kin, and brown eyes, whose head indices are about 74*6. The length of 
head seems due mainly to a marked occipital projection. As one ^oes from these 
individuals to others with hliir dark brown instead of black, one finds that the 
prognathism and the occipital projection decrease and disappear, the latter 
change involving a shortening of the head and a consequent rise of head index. 
The best types are undoubtedly those from the remoter valleys in the mountain 
sides and those from the deep valley of <the Teify and its tributaries around 
Llandyssul. 

There are scattered individuals with dark pigmentation and a head index 
80*5. These usually have the head short, and they are more numerous along the 
open coast from Llanrhystyd to New Quay than elsewhere. 

The distribution of the fair-haired people is most interesting. There is a 
sprinkling of them throughout the county wfth a cluster of the narrower-headed 

^ To be published in Liverpool AnnaU of Arehasology and Anthropology, ^ 
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ttien (76*8) at Newcastle Emlyn, some distance up the Telly. They occur in large 
numbers along the open coast from Llanrhystyd to New Quay, and extend east- 
ward up the valley of the Wyre and, further south, across the low hills of 
Mynydd Bach into the centre of the county, aroimd Pontrjiydfendigaid, Tregaron 
and Llanddewi Brefi, and here it is the individuals with an index of 79*80 who 
predominate, while their features are moie strongly developed than in the case 
of the Newcastle Emlyn men. They are opisthognathous and slightly taller 
(1,699 mm.) than the Mediterranean people, but include several individuals about 
1,800 mm. in height, the average being brought down by occasional very short 
individuals (below 1,600 mm.). The fair type becomes decidedly rarer inland 
north of the Wyre, and this is interesting, as that valley forms one of the most 
marked dialect boundaries in Wales, and the hills above it have a remarkable 
series of early earthworks which need further study. 

Among the fair people, as among the dark, increase of head index is correlated 
with a decrease of head length, which is continuous except for a break due to a 
number of exceptionally big men (average stature, 1,724 mm.) with index 78*9. 
Here and there, and notably around Tregaron, there are men with index about 
78*81, red hair, florid features, large foreheads, prominent zygomatic arches, 
and often an insinking of the cheek. Our observations point to their being the 
result of crossing between fair and dark types, but this opinion is stated with 
reserve for the present. 

A similar account of Merionethshire will be ready, we hope, before long, and 
similar work is in progress for Carnarvonshire and Carmarthenshire, while 
numerous observations have been collected for other counties and a definile 
campaign in Glamorganshire is being organised. 


2. The People of Egypt. 

By Professor 6. Elliot Smith, M.A.^ M.D., F.R.S. 

Recent experience has shown that no attempt to reconstruct the history of man 
in Egypt is likely to yield other than wholly inconclusive, if not actually confusing 
and misleading, results, unless it is based upon the study of the physical characters 
(and not of mere measurements) of large series of accurately dated human remains 
cf people of various social grades, representative of every historical period, and 
of each of the three primary subdivisions of the lower Nile Valley, viz.. Lower 
Egypt, Upper Egypt, and Lower Nubia. 

In the present state of our knowledge it would bo idle to discuss the origin of 
the Predyn.Tstic Egyptian population beyond stating that the pc plo show un- 
doubted ahiiiitics with the .so-callcd ' Meditoiranean Rioco’ as well as with the 
Arabs, and that they must have been settled in the Nile valley for many agfes 
before they constructed the earliest prehistoric graves known to us, for their 
peculiarly distinctive culture, their arts, their mode of writing, and their religion 
were certainly e¥olved in Egypt. 

But even before the end of the Predynastic period a slight change in the 
physical traits of the population can be detected ; although it is not until more than 
four centuries later, i.e., until the time of the Third Dynasty, that the modification 
of the physical type becomes sufficiently pronounced to afford unmistakable 
evidence of its significance. For then the three Nile territories under considers* 
tion had each its own distinctive people : Lower Nubia, a population esstmtially 
identical with the Predynastic Egyptian, but slightly tinctured with negro ; Lower 
Egypt, the descendants of the Predynastic Egyptians, profoundly modified by 
admixture with alien white immigrants, who enterecUthe Nile valley via the 
Delta; and Upper Egypt, protected by its geographical position from the direct 
effect of either of these foreign influences, was being subjected to the indirect 
influence of both by the intermingling of its people with those of Nubia and 
Northern Egypt. 

In the time’ of the Middle Kingdom this double racial influence became much 
more pronounced in the Thebaid, and the effect of the white immigration became 
almost as pronounced there as it hhd been in Lower Egypt in the times of the 
Pyramid builders of the Old Kingdom. The Nubian element also became more 
significant, the influx consisting at various times of slaves, mercenaries, and 
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perhaps also invaders, not to mention the slow but steady percolation into Egypt 
of a negroid element resulting from the secular intermingling of neighbouring 
peoples. Thus began that graduation of racial characters in the Nile valley, 
ranging from the Levantine white population of Alexandria to the negro of the 
Sudan, which has persisted untif the present day, and is displayed even in the 
measurements of thirty thousand modern Egyptian men, which are now being 
examined by Mr. J. 1. Craig. 

Tt is not yet possible to express a positive opinion as to the source of the white 
immigration into the Delta, which first reached significant proportions in the 
times of the Third and Fourth Dynasties; but, from evidence which I have 
recently collected, it seems probable that the bulk of it came from the Levant. 
It is most likely, however, that there was a steady influx into the Delta of people 
coming both from east and west, and that their percolation into Egypt was so 
gmdual as not to disturb violently the even flow of the evolution of the 
distinctive Lgyptfan civilisation. Nevertheless, it is perhaps not without signifi- 
cance, especially when we take into account the simple-minded, unprogressive, 
and extremely conservative (jharacter of the real Egyptian, to note that none of 
the greatest moniunents were constructed nor the most noteworthy advances made 
in the arts of the Egyptian civilisation, except on the initiative of an aristocracy, 
in the composition of which there was a considerable infusion of non-Egyptian 
blood. From the times of the Pyramid builders until the present day Egypt*s 
rulers have probably never been of undiluted Egyptian origin. 


3, The Excavations at Memphis. 

By Professor W. M. Flinders Petrie, D.C.L., F.R.S. 

4. A Neolithic Site in the Southern Sudan.^ By C. G. Seligmann, M.D. 

The country between the White and the Blue Niles south of Gezireh consists 
of a level plain from which project isolated masses of rock. In the dry season 
water is scarce, springs being confined to the flanks an4, feet of the hills. 
Jebel Gule, which lies about fifty miles due west of Kenk, on the White Nile, 
is over 1,000 feet high and perhaps three or four miles in circumference, and in 
the old days it was the governing centre of a considerable population. 

At its foot there are two setUoiments of people who call themselves Fung, but 
are generally known to their neighbours as Hameg; they profess Islam and 
speak Arabic, but keep up a numiSer of non-Muslim customs, and the majority 
of ttoi still speak a language which they sa5 they all spoke before the sixteenth 
c^Aury — the date which they give for their conversion to the Faith. * 

Worked stone implements, which show that three industries were carried on, 
were found at Jebel Gule. These include (1) a neolithic adze-head and hammer- 
stone, both of black basalt, while many grooves on the rock show where tools 
such as the adze-head had been ground. There does not, however, appear to be 
any basalt on the hill. (2) A large number of pygmy implements, which for the 
most part consisted of one of the varieties of quartz. A few of horn-stone were 
also found.^ (3) A large numl)er of implements of horn-stone or of a horn-stone 
breccia cemented with chalcedony. These are for the most part scrapers, but 
blades and discs were also found, the latter resembling the palaeolithic imple- 
ments found in Suffolk and elsewhere. There is also a single specimen of an 
implement which might be considered a small palaeolithic coup de poing. 

All these implements were picked up on the surface, or covered only with a 
thin layer of blown sand, land there is therefore no certain indication of their age. 
But in spite of the palaeolithic form of some of the specimens, the nature of 
the site and the small amount of weathering are in favour of their being neolithic 
In any case, they are of an entirely different type from the worked stones 
which have hitherto been found in the Sudan in association with Meroitic or other 
historic civilisations. 


^ Published in Journal of Royal Anthropological InstiMe, vol. xl., part 1, January 
to June 1910. ^ 
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5« Native Pottery Methods in the Angh-Egyftian Sudan} 

By G. W. Grabham, M.A. 

With the exception of a stretch of country along the Nile between Khandak 
and Kerma, in Dongola Province, the use of the wheel is unknown in the Sudan. 
Three distinct methods of shaping wares by hand are in use, and may be detailed 
as follows : — 

1. The manufacture of bormas, giidus, &c., by men, often of the Shaigia tribo 
of Dongola. The mud is mixed with a large proportion of dung to prevent 
cracking on drying. The mouth and upper part of the jar are first formed and 
placed to dry in a special way. When the mouth is sufficiently hard to stand 
the weight of the vessel the lower part is finished by drawing out the surplus 
mud left for the purpose. The wares are baked in a flask-shaped kiln, often 
hollowed out of the ground. 

2. The manufacture of bormas and basins by women, often belonging to the 
pilgrims who cross the Sudan from the west on their way to Mecca. The clay 
used is fairly pure, but a small amount of chopped gr;uss is mixed in during the 
formation of the wares. Those arc shaped by pressing the clay into a hollow in 
the ground, and by this means an almoet spheric^al vessel is prodiicjod, with a hole 
only large enough to admit the arm of the worker. The nock is finished off by 
hand, and the wares are built up into a low pile with dung and baked by setting 
fire to the heap. 

3. The manufacture of gabanas. This is carried on in Omdurman, bub the 
home of the industry is probably farther cast. Two cup-shaped basins are 
formed, and, with the aid of a hole cut in one, the two are joined together. 
A spout and handle are added before the vessel is scraped, polished, and orna- 
mented. The. baking is done by building the wares into a heap with dung. 
These gabanas, or coffee-pots, are beautifully symmetrical and remarkable for 
tho thinness of the ware. 

6. Note on some Anatomical Specimens of Anthropological Interest, prepared 
hy means of the New Microtome of the Cambridge Scientific Instrument 
Company, By W. L. H. Duckworth, M,A,, M,D,, Sc.D. 

The new microtome of the Cambridge Scientific Instrument Company provides 
a means of preparation of anthropological material possessing great interest. 
The instrument has been carefully tested at the Anatomy School at Cambridge, 
and some oif the preparations yielded by it have been mounted as lantern-slides. 
The instru^ment is fully described in the Instrument Company's list, and.Jt will 
therefore suffice in this place to state that it combines some of the valual^e 
mechanism of the well-known “rocking” microtome with great rigidity and 
uniform action. The experiments above mentioned show that the instrument will 
cut good sections, of an area of ten square inches at least and of material of very 
varying density, which always presents special difficulties. In a section of the 
human leg (of an adult man) may be seen tissues so distinct in consistency as 
bone, tendon, and muscle. 

Other specimens shown included tho following examples : — 

The hirnian larynx cut in transverse horizontal section. 

The larynx of a large adult orang-utan in vertical coronal section. 

The human tongue in vertical coronal section at various levels. 

The chief point emphasised is the importance of such preparations in eluci- 
dating the details of structure when the human tissues are compared with 
corresponding parts of the larger mammalia, particularly anthropoid monkeys. 


FBI DAY, SEPTEMBER 2. 

Joint Discussion with SeiAion L on Research in Education, 


To be published in the Journal of Cairo Scientific Institute, 
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MONDAY, SEPTEMBER 5. 

The following Papers and Reports were read : — 

* 

1. Archwological Activities in the United States of America. 

By Miss Alice C. Fletcher. 

This paper opened with a brief account of the foundation of the Peabody 
Museum of American Archaeology and Ethnology, Harvard University, the first 
institution in America founded for anthropological study, and recited its 
activities during the current year. 

A short account of the Government’s movements, which finally led to the 
establishment of the Bureau of American Ethnology, its scope, and its work 
in the past and at tho present time, followed. 

The establishment of the Field Museum, Chicago. The extensive and valuable 
contribution of the University of California. The Columbia University of New 
York. The University of Pennsylvania, Philadelphia. The Anthropological 
Department of tho Natural History Museum of New York City. The Brooklyn 
Institute, New York. Tho South-West Museum, Los Angeles, California. The 
Denver Museum, Colorado. The Academy of Sciences, Davenport, Iowa. The 
founding of the Archaeological Institute of America; its schools at Athens, Borne, 
and Jorusaleiii. Tho formation of tho Committee on American Archaeology. 
Development of interest in the American field among the various affiliated societies 
of the institute. The unification of this interest by the appointment of Dr. 
Edgar L. Hewett as director of American Archaeology. Tho establishment of 
the School of American Archaeology authorised. The generous offer of the State 
of New Mexico of tho old ‘ Palace * building, erected in 1608, at Sapta F6, for the 
use of the school and its museum. Tho present field activities of the school in 
the south-western parts of the United States and in Central America. The 
advantages tho school offers to research students. 


2. A Group of Prehistoric Sites in 8.W. Asia Minor. 

By A. M. Woodward, M.A., and H. A. Ormerod, B.A. 

In all nineteen prehistoric mounds were examined, extending from tho plain 
of Elmali (in North-East Lycia) to Lake Kestel, in Pisidia, and by way of Lake 
KaraHtis aiidahe plain round Tofenni to Kafa-Eyuk-bazar, at the foot of Kazyk- 
I}«1, Tn Southern Phrygia. The shords found on tho mounds consiited mainly 
of a red, hand-polished ware assignable to tho Bronze Ago, with rarer fragments 
of a black polished ware. Some of these sherds may possibly be of neolithic 
origin. With these was found on certain sites a large quantity of painted frag- 
ments, showing analogies on the one hand with Cappadocian pot-fabrics, and 
again with those of the Early Cypriote Iron Ago. This pottery would seem, 
however, for the most part independent of iEgean influence or importation, and 
fragments of obsidian obtained are apparently not of Melian origin. Ono of the 
larger mounds at Tchai Kenari, . partly excavated for brick-earth, provided a 
rough sectional view of stratification to a depth of eight metfes, with three super- 
imposed floor-levels. On another mound a few miles to the west were the 
remains ot a megalithic house of rectangular plan, with an outer-walled court* 
yard. This building is probably to bo dated not earlier than the beginning of the 
Iron Age. 

The full extent of this civilisation is not yet determined, and generalisation 
would be premature; it would appear, however, that it is not merely a south- 
westerly extension of the prehistoric Cappadocian culture, but largely indepen- 
dent of it.^ In view of the suggested equation Shakalasha=Sagalassi, it would ‘ 
be interesting if these early settlements, traced hitherto to within a day’s journey 
of Sagalassus, should prove to be the home of the Shakalasha whose name 
appears on the Merenptah inscription of the" XVIIIth Dynasty. 



TRANSAOTIONS OF SECTION H. 


731 


3. Excavations in Thessaly, 1910. 

By A, J. B. Wage, M,A., and, M. S. Thompson, B,A, 

Tho sites chosen for tliis year’s work were T^angli, in Central Thessaly, about 
midway between Pharsala and Velestino, and Bachmani, half-way between 
Larissa and Tempe. 

At Tsangli the work lasted from March 21 to April 12, and was much inter- 
rupted by bad weather, rain, and snow. We sank several shafts from the top of 
tho mound to virgin soil to test tho stratification, and also on the east side cleared 
two small areas, where wo found the remains of neolitlnc houses. The mound is 
about two hundred metres long and two hundred and ten wide, and the deposit 
in the highest part is about ten metres thick. The results of the stratification of 
tho pottery will be mentioned in connection with that at Bachmani. The houses 
arc very interesting; threo wore found built one over another. They are 
square in plan and have as a rule two internal buttresses in each angle, and 
all threo belong to the latter part of the first neolithic period, but the earliest 
house is slightly more primitive in plan, and has only five internal buttresses 
instead of eight. The first two houses were abandoned, but the third had been 
destroyed by fire, and in it were several good vases and twelve celts. In 
the second a store of over sixty terra-cotta sling bullets was'*found. Another 
house had been destroyed by fire towards the end of the first neolithic perio<l 
and was never afterwards rebuilt. This house is large and divided across tho 
middle by a row of wooden posts. It had eight internal buttresses and a door 
in the middle of the south wall. A large number of vases were found in this 
house, many celts, and some interesting terra-cotta statuettes. In general the 
excavation was very rich in stone implements. We found about sev<mty colts, 
including some fine examples; also between twenty and thirty good terra-cotta 
statuettes were discovered. Of these the male figures, which are rare in Thessaly, 
are remarkable for their phallic character and tho female figures for their marked 
steatopygy. 

At Bachmani the excavation lasted from April 14 to the end of the month. 
The mound is about 112 metres long and 95 wide, and the deposit is eight mctrc.s 
thick. A careful observation of the stratification of tho shafts sunk in this 
mound and a comparison of it with the results from Tsangli and other sites 
eniible us to divide the prehistoric remains of Theesaly into four periods : 

(1) Neolithic --marked by the, presence of red on white painted pottery; 

(2) Neolithic — marked by the presence of Dhimini and kindred wares; (3) Sub- 
Neolithic — in this period falls the remarkable encrusted ware, but while stono 
tools are common, no trace of bropze has yet been found in d-rposits of this 
period ; (4). Chalcolithic — ^in this period the pottery is unpainted, and the" letter 
part of it is apparently contemporaneous with late Minoan II. and III., for to H 
belong the tombs of Sesklo, Dhimini, and Zerelia, and the L.M. III. and Minyan 
ware found at theso and other sites. It is also noticeable that at Bachmani in 
the top of the deposit of the fourth period we found many sherds of L.M. III. 
ware mixed with fragments of primitive geometric pottery like that found in 
early iron-age tombs at Marmariani and Theotokou. In the deposit of the third 
period wo found an oblong one-roomed house with the southern short side rounded. 
In it were three good specimens of encrusted ware, a series of fo\>r figurines 
with rough to^ra-cotta bodies and painted stone heads, and a large store of 
carhonisetl wheat, pease, lentils, figs, &c. Another house of the same type, 
with a .slightly more developed plan, was found in the deposit of the fourth 
period, but apart from a few stone implements nothing was found in it. The 
only other finds worth separate mention are three fragments of bronze found in the 
deposits of the fourth period and a tomb that contained one L.M. III. vase and 
two inferior gems. 

We now propose to close our prehistoric excavations in Thessaly for the 
•present and to publish a book on the subject, which is in active preparation. 
Later next season we hope to excavate a prehistoric site in Macedonia and to 
resume our exploration of that country, making a special study of the prehistoric 
remains. 
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4. Report on Excavations on Roman Sites in Britain . — See Reports, p. 227. 


5. Report on ArchcBologisal and Ethnological Researches in Ciete. 
See Reports, p. 228. 

6. The Work of the Liverpool Committee for Excavation and Research in 
Wales and the Marches.^ By Professor R. C. Bosanquet. 


7. The Excavations at Caerwent, MonmouthshirCy on the Site of the Romano- 
British City jf Venta Silurumy in 1909-10. By T. Ashby, M.A., D.Litt. 

The excavations of 1909 were at first carried on in the north-east corner of the 
city. Important additions were made to the plan, which was found to preserve 
the regular arrangement noticed elsewhere. Remains of several houses were 
discovered, and^also those of a building more than once altered, which, it is 
possible, are those of a Christian church. Later in the season attention was 
devoted to the completion of the excavation of the central insula in the north 
half of the ci*y, which contains the forum and basilica. The greater part of it 
had been excavated in 1907,^ but it was found possible in 1909 to make arrange- 
ments for the exploration of the western portion of the basilica and the western 
side of the forum. The block was found to be perfectly rectangular, being thus 
more carefully laid out than most of the other buildings at Caerwent. The 
basilica had no apse at cither end, but at each end of the north aisle and nave was 
a chamber of the same width as theirs, while at each end of the south aisle there 
was an entrance from the streets which ran outside the forum on the east and 
west. The south aisle had an open arcade towards the forum, which was sur- 
r^iindcd on the other sides (with the possible exception of the west side) by an 
ambulatory and shops ; and the open area was drained by a large box-drain. 

The excavations of 1910 were conducted on the south side of the high road, 
which coincides with the ancient road through the centre of the town. They 
resulted in the discovery of a few houses, one of them much altered, so that its 
original plan is difficult to make out. In the •centre of it is a well -constructed 
cellar. More than a hundred skeletons have been discovered here. The burials 
arc obviously of post-Roman date, the walls of the house having been partially 
dosfrnved whjn the graves were dug. 


8. Excavations at Hagiar Kim and Mnaidra, Malta. 

By T. Ashby, M.A.y D.Litt. 

The excfivations which were carried out byt the Government of Malta under 
my direction during the month of June at the well-known megalithic buildings 
^in all probability sanctuaries) of Hagiar Kim and Mnaidra had a twofold 
object : it^ wfis desired to ascertain whether in the original excavations of both 
buildings in 1839 and 1840, and in the supplementary excarvatioits of the former 
in 1886, the ground-plan had been completely discovered, or whether there were 
any additions to be made to it; and also, inasmuch as previous explorers had 
unfortunately almost entirely neglected to preserve the small objects, and 
especially the pottery, which it was obvious that they must have found, to see 
whether it were not possible to remedy the deficiency to some extent by the 
recoyery of sufficient pottery at, any rate for the determination of the date of 
tbo Btrucinre. In the course of ten days’ work at each building satisfactory 
results were arrived at in both these respects. It woe found that in front of 
the facade both of Hagiar Kim and of the lower building at Miiaidra there 
was a large area roughly paved with slabs of stone. This was also the case at 

* To be published in the Liverpool AnnkaU of Archceology and Anthropology, 

3 See Report of the Dublin Meeting, 1908, p. 867. 
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a building of a similar nature excavated in 1909 on the hill of Coriadino, and 
seems to have been a regular feature. Ko further additions (except in small 
details) were made to the plan of Hagiar Kim, but at Mnaidra it was found 
that besides the two main parts of tho structure there were some subsidiary 
buildings, which, though less jnassive, were ^f considerable importance ; they 
were perhaps devoted 'to domestic uses, inasmuch as a very large quantity o/ 
pottery was found in them. It was also ascertained that the site for the upper 
part of the main building, which is undoubtedly later in date than the lower, 
was obtained by heaping up against the external north-east wall of the latter 
a mass of small stones so as to form a level platform, instead of by cutting 
away the side of the rocky hill ui>on the slope of which Mnaidra is situated. 

In both buildings there were places in which the soil had not yet been 
completely cleared away, and chambers in which the ancient Hoora of pounded 
limestone chips (locally called ‘torba’) still maintained their hardness after 
perhaps 4,000 years. It was here that small objects were found in considerable 
quantities --munerous fragments of pottery and of Hint, but no trace of rnetal. 
The former corresponded absolutely with that found in the hypogeum of 
HalsaHieiii (recently described in an interesting and well-illustrated little book 
by Professor T. Zammit, the curator of the Valletta Museum), and in the other 
megalithic buildings of the island ; so that it seems clear that Hagiar Kim and 
Mnaidra, like the rest, belong to the neolithic period. 

. Under one of the earlier floors in Mnaidra a curious group of small votive 
terra-cottas was found. 

A few examples were also found of the small stone pillars, often narrowed in 
the centre, which are common in tho megalithic buildings of Malta, both in 
isolation and as supports to the cover-slabs of the dolmen-like niches which are 
so important a feature in these buildings. In cither case Dr. Arthur Evans 
thinks that they must be treated as hattyli, or personifleations of the deity. 
Dr. Albert Mayr, in his valuable book on “ Prehistoric Malta,” is of opinion that 
the round towers, of which some half-dozen exist in Malta, also belong to the 
prehistoric period ; but in a final excavation at Torre Tal Wilgia, near Mkabba, 
we were not able to find any evidence in favour of this* supposition, all tho 
pottery which came to light belonging at the earliest to the Punic period. 


9. Cu'p- and Rinq-Marl^incjs and Spirals : some Notes on the Hypogeum at 
Halsaflicni, Malta, By Rev. H. J. Dukinfield Astley, M,A,, Litt.D. 

t ) 

This hypogeum, or series of subterranean chambers, is one of the most</iterest- 
ing of the many prehistoric remains in the Island of Malta. It has been thoroutfhly 
excavated, and has recently been described by Professor Zammit. An explora- 
tion of the chambers and an exhaustive examination of the human remains and 
the pottery and figurines accompanying them, both on the spot and in tho 
museum at Valletta, confirm onclusions reached by Dr. Arhby and Mr. Poet 
{Rrit. Asfior. lic/p., Winnipvq, 1909, p. 619), that the hypogeum is a monument 
of the late Neolithic Ago of Mediterranean culture. 

Three of the chambers have decorated roofs and walls, and a fourth has a 
series of decorations on both lintels of a fine double dolmen-shaped doorway. 
These decorations, in red paint, quite clear and distinct, though somewhat worn 
by time, consist of a number of cup- and ring-markings .ind spirals, finely 
executed and in great variety. The combination is not common in prehistoric 
Europe, though it is in Australia. It would seem to point to an. infiltration of 
Bronze Age, or Mycenean, culture, superimposed upon the Neolithic culture of 
the earlier population lowards the close of that age. It is native work, but the 
influence of Crete is seen. 
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TUESDAY, SEPTEMBER 6. 

The following Papers and Beports were read : — 

1. Kava-drinhing in MelanSsia. By W. H. R. Rivers, M.A., M.D. 

It is usually supposed that the practice of drinking the infusion of the 
root of Piper methysticum in Melanesia has been introduced from Polynesia, 
but there are many facts in favour of its being an indigenous Melanesian 
custom, or, if introduced, of far greater antiquity than other features of 
Melanesian culture which can be ascribed to Polynesian influence. In the 
Southern Now Hebrides the infusion is called kava, and, so far as can be 
judged from published accounts, the method of preparing it resembles that 
practised in Polynesia. Here the practice may have been modified by Polynesian 
influence. In the Northern New Hebrides, the Banks and Torres Islands, on 
the other hand, there are indigenous names; the whole ceremonial of making 
and drinking the infusion differs fundajnentally from that of Polynesia, and the 
use of the substance is closely connected with other social institutions. In 
many cases the use of kava has a clearly religious character. 

The occurrence of kava-drinking in the Fly River region of Now Oninoa 
suggests that the distribution of the custom may at one time have been very 
wide, and that in the greater part of New Guinea and in Northern Melanesia 
it has been replaced by betel. It is easy to understand how substances always 
ready to hand for immediate use, such as the ingredients of the betel-mixture, 
should have displaced one requiring the special and prolonged preparation which 
is necessary in the case of kava. A good example of cuch displacement is to be 
found in the Polynesian island of Tikopia, where betel, almost certainly a 
comparatively recent introduction, has in everyday life entirely displaced kava, 
which is only used in the form of libations poured out at the graves of the 
dead and during various religious ceremonies. 


2. A Sidelight on Exogamy^ By Miss Alice C. 'Pletchbr, 

Some of the theories as to the origin of this widespread custom were reviewed 
and objections stated. No one explanation of exogamy is possible at the present 
stage of our knowledge of the many and various peoples who practise it. 
Evidences as to the reason for the practice of this custom among the Omaha 
tribe and of fi^ve cognate tribes have been gathered during more than twenty 
years ,of study among them. The organisation of these tribes is 'k^sed upon 
cormic ideas, religious in character, and their influence can be traced in the 
arrangement of the kinship groups and in the custom pertaining to marriage, 
which explain why these people practise exogamy. 


3. The Suk of East Africa. By Mervyn W. H. Beech, M.A. 

The Suk,' or Pokwut, who live north of Lake Baringo, are of mixed origin, as 
proved by language, appearance, and anthropometry. They are akin to the 
Nandi, but there is a large aboriginal element. They were originally agricul- 
turists, and theh: tribes are subdivided into totemic and exogamous clans. Their 
social system resembles that of the Nandi. There are a number of customs con" 
nected with marriage, birth, death, and inheritance. They have no chiefs, only 
advisers — i.c., influential men with no real power. Cattle aio their chief interest 
and food. Portions of slaughtered animals are distributed according to age and 
^ There are many beliefs and customs connected with cattle. Great pre- 
caution is taken lest women touch men's food. Dress, weapons and ornaments, 
and dances differ entirely frem those of the Nandi, but resemble those of the 
Turkana. The agriculturists have an elaborate system of land tenure and 
interesting customs connected with cultivation,' industries, and hunting. Religion 
is vague, Comparison of customs connected with crime shows the hill tribes tq 
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bo the hardier people. The Suk language shows a large percentage of Nandi, a 
little Turkana, and a considerable amount of what is probably aboriginal. The 
absence of an article is the most noteworthy feature. 


4. Interim Report on Archwological Investigations in British East 
Africa , — See Reports, p. 256. 


5. A Search for the Fatherland of the Polynesians. By A. K. Newman. 


6. The BuShongo of the Congo Free State.^ By E. Touday. 

Tho BuShongo, who most probably came originally from Iho Lake Chad 
region, inhabit the district of the Belgian Congo between tho fork of the Sankuru 
and Kasai rivers. The BuShongo nation is composed of a number of sub-tribes, 
all under tho rule of one great chief. They are well-built and fine in appear- 
ance ; their movements are graceful. The genealogy of the royal house mentions 
121 successive kings, of whom the first was Chembo (God), and his name was 
Bumba. Under the tv/enty-seventh ruler fire-making was revea^'‘d by God to a 
man named Kori-Keri. and at this time another man invented bark clothes. 
Shamba Bolongongo, the ninety-third ruler and tho great national hero, was a 
patron of the u.seful arts, a legislator and philosopher, and in his youth a great 
traveller. -After his accession to the throne ho introduced the weaving of palm- 
cloth, embroidery, tho use of tobacco, and the game of Lela, revised the Court 
hierarchy, and introduced official representatives of the various trades. 
established monogyny, and in his reign wood-carving and embro'idory reached the 
highest pitch. 

The organisation of the government of the country as remodelled by Fhainbi 
exists to-day, though greatly weakened. The king in theory is ^absolide, but in 
practice his power is limited by two bodies — a higher, consisting of six male 
and two female dignitaries; and a lower, consisting of 120 male and fiftoeu 
female representatives. Above all these, and to a certain extent above the king, 
is the king’s mother. Land belongs to the nation, and is held for it by tho king. 
The BuShongo engage actively in trade. 

To belong to the BuShongo nation it is sufficient that one parent should be 
BuShongo. Membership of a tribe and village is constituted by Wrth witjiin fhat 
tribe and '.illage. A man may not marry any woman for whom a term of relation- 
ship exists or who has the same totem. There is no fixed sum for the bride-price'. 
The totem (Ikina Bari) is inherited from tho father, and wives adopt the Ikim, 
of their husbands. The Ikina of the mother is observed to a certain extent, but 
not transmitted beyond one generation. * 

The BuShongo believe in a-i all-powerful Creator called Chembe. He has 
little to do with the human race, and no actual worship is paid him. There are 
several kinds of magicians, each of whom has more or less different duties. 
The dead are exposed for a certain time before burial. During the exp&ure the 
relatives go into mourning and special food tabus are observed. The houses of 
the dead are left to decay. 

Before emigration the staple food consisted, of millet, bananas, and yams ; 
the use of cassava was subsequently introduced from tho West. The chief 
condiment is palm oil. The BuShongo are great smokers. They hunt with 
hounds, and near the great rivers fishing with wicker barriers, baskets, and trans 
is practised. The work of the household is distributed equally between tho 
sexes. Men clear the ground, build the house, and hunt. Women till the soil, 
fetch the firewood, and cook. The men alone paddle, and have to provide the 
family with garments, which are made of palm fibre: All men, without exception, 
can weave. 


' To bo published in book form by the Terveuren Museum, Brussels. 
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7. A Rare Form of Divided Parietal in the Cranium of a Chimpanzee.' 
By Professor C. J. Patten, M.A., M.D., Sc.D. 

Apart fromjthe presence of groups of small wormian bones, diviiLion of tho 
paricials in the anthropoids is a very rare condition. In M. le Double’s com- 
prehensive work on tho variations of crania only, one case of complete parietal 
division by a horizontal suture is recorded in his tables, which date back over 
fifty years. The first case was described by Johannes Baiike 'in 1899 in an 
adolescent female orang, one of 245 orang crania in the Selenka collection of tho 
Munich Anthropological Institute. In the following year AleS Hrdliftka pub- 
lished a case in the Bulletin of the American Museum of Natural History^ which 
divisions he claims to be ‘not only the first complete divisions of the parietal 
observed in a chimpanzee, but are also unique in character, no divisions of the 
same nature having been observed before, either in man, or apes, or monkeys.* 
The case now described appears also to be one of complete division of both 
par ietals, each by a horizontal suture running tho entire length of the bones 
and joining the coronal with the lambdoid sutures. This case, however, is 
of further interest owing to the extraordinary way in which the upper segment 
of each bone is again subdivided, giving that part of the vault of the cranium, 
when viewed from above, the appearance of the counties of a map. Correlated 
with the condition there is a thinning out of the bones of the cranial vault, and 
reduction of the size and strength of tho zygomatic arch and of many processes 
of the base of the skull. In weight this cranium is decidedly lighter than that 
of an average chimpanzee of its size. 


8. Be'porl of the Committee to Organise Anthropometric Investigation in 
the British Isles . — See Reports, p 256. 


9. The Bishop's Stortford Prehistoric Horse. 

By Rev. A. Irving, D.^c., B.A. 

The author gave a general description of the conditions under which the 
skeleton was found. Details were given as to the condition of the bones, and 
the aption updii them of organic acids whilcr the quaternary pond, in which tho 
^nimal was mii*ed, was oixin to the air, and before it was buried*^ndcr land- 
slides from the hill. A chemical analysis has been made of one of the bones of 
the trunk in Sir William Ramsay’s laboratory at Univer.sity College. The bones 
have lieen compared with those of Neolithic Age at South Kensington and 
Jermyn Street; also with Uiose from Newstead, near Melrose, of the Roman 
period. Close anatomical relations were given^ between the Stortford skeleton 
and bones discovered (o) in the neolithic deposits of Pomerania, (/>) the Bronze 
deposits of Spandau, (r) the pile-dwelling site of the Starnberger See, (d) tho 
river drift at Ilford, and (c) the pleistocene deposits of Granchester. The verte- 
bral formula is that of the zebra (Flower), and differs both from horses of the 
Kquus Prejwahkii type and the Plateau type of Ewart. It is a lighter-limbed 
animal than Nehring’s Remagen horse, though in its teeth it resembles that most 
closely. Upon the whole it seems to be a blend of the ‘ Forest ’ and the ‘ Plateau * 
types of Ewart. The evidence obtained on the site of its discovery was dis- 
cussed, including a Holocene molluscan fauna (Woodward). The general con- 
clusion seems warranted that the horse represents a race of post- Pleistocene 
times, as a survival into the Neolithic or Bronze Age, certainly not later than the 
La Tcne age. 


> To bo publiahed in lull in Jonrn. R. Anthrop. Inalitule. 
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WEDNESDAY, SEPTEMBER 7. 

The following Papers and Reports were read : — 

1. On, Mourning Dress. By E. Sidney Hartland. 

The question of mourning dress was discussed by Professor Frazer in the 
fifteenth volume of the Journal of the Anthropological Institute^ in which he 
raised several questions that have not yet been definitely settled. It is clear, 
as he says, that mourning garb was intended to be something quite distinctive 
from, if not the reverse of, ordinary costume, but its exact purpose seems still 
to be under discussion. It has been suggested that it was meant as a disguise 
in order to deceive the ghost of the dead. All kinds of spirits arc easily 
deceived ; but while it is clear that protection is required from the spirits of the 
dead, various examples make it by no means eo clear that that protection took 
the form of disguise. Weapons and amulets are certainly employed. Other sug- 
gestions are that mourning garb and customs were intended as a return to more 
primitive conditions as a means of expressing the union with the dead. The 
mourner was supposed to partake, to some extent, of the condition of the dead, 
especially during the arduous journey of the ghost to its ultimate home. On 
the whole some weight must be given to these suggestions, but the real intention 
seems more likely to have been an expression of sorrow and abasement ^o as to 
deprecate the malice of a spirit which vras naturally annoyed >at finding itself 
disembodied. 


2. Some Prehistoric Monuments in the Scilly Isles. 

By H. D. Acland. 

The presenf communication is the outcome of a study of the remains of the 
prehistoric monuments in the Scilly Isles during the past seven years. Although 
not yet comjilete, it is desirable that the results at present reached should be 
discussed in the hope that help in elucidating some of the problems presented 
may be obtained. 

Two groups of menhirs were described, each of which appears to have an 
unusual arrangement. Several of the menhirs of one group have a constant 
orientation differing four degr^Wis from the normal bearing. 

A group of intersecting banks was also described. The bearings of the 
different members have the same variation from a normal bearing as the menhirs 
in one of the groups first describe.!. 


3. Excavation of Broch of Cogle, Watieny Cailhne,ss. 

By Alex. Sutherland. 

It is duo to Dr. Anstruther Davidson, Los Angelos, that the existence of the 
Broch was proved. Dr. Davidson had seen the mounds of California, and on a 
visit to his oiiihplace in August 1905 he resolved to test ♦he possibility of this 
Cogle mound containing anything of a bygone age. It stood about 6 feet high 
and 60 yards in diameter. He made a trial cut through the middle, and from 
this was satisfied there was here another of those prehistoric buildings called 
Brochs or Piet’s houses, of which Mousa, in Bressay, Shetland, may bo regarded 
as the best-preserved specimen. 

Dr. Davidson now resolved to excavate and investigate, and communicated 
with Mr. John Nicolson Nybster, who had helped the late iSir Francis Tre.ss 
Barry, M.P. for Windsor, in his explorations of similar structures at Keiss. 

The plan was carefully drawn uy exact measurements on the spot by Mr. 
Nicolson. The only entrance, about 2 feet wide^ to the Cogle broch is on the 
west. At the Scottack and other* excavated Caithness brochs the entrance is on 
the east. 

The thickness of the walls is 15 feet, and the circle enclosed has a diameter 
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of 30 feet. There were two upright flagstones 2 feet high Md 2 feet apart. 
Tho average height of the walls remaining in situ would be about 3 feet. 
Probably 60 or 70 feet had fallen and helped to form tho mound, vegetation 
had grown and decayed and busied the stupendous structure for ages. Who 
were the broch builders and wnen did they live? are interesting questions. 
Dr. Davidson identified five successive layers of ashes and pavement, and the 
charred remains of wood indicated the fuel. Trunks and branches of pine, 
birch, and hazel-nuts arc frequently got in peat cutting at considerable depth 

in Cogle moss. j u a xu • 

Dr. Davidson made sections of some of these pines, and found that their 
annual rate of growth coincided with that of the chaired fragniente found so 
abundantly in the broch. 

The most important of the neolithic remains were the .stone pestles found 
in the lowest stntiim of ashes. These, over twenty, were in only a few instances 
pestle shaped. They were made of hard-grained, basaltic-like stone, and were 
originally of oval or oblong shape. Dy constant use in pounding the edges were 
bevelled, and a few of them were worn quito circular and bevelled all round. 
Two stones with shallow mortars were found. Horne saddle querns were un- 
earthed with tho usual manu or hand-grinding stone. Numerous stone pebbles, 
prolxibly used for sling stones, were found. 

Almost all the bones wei'o broken to extract tho marrow. None showert evi- 
dence of fire, and the condition of the bones would show that they are very 
imperfectly cooked. Parts of tusks of boar, goat, horse, and ox could be identi- 
fied, and also bat, with probably great auk. These have been sent to Professor 
llryce, Glasgow University, for further investigation. 


4. Sotne Unexplored Fields in British Archwology. By George Clinch. 

The purpose of this paper was threefold, viz. : — 

1. To indicate some hitherto unexplored fields of research where antiquities 
await tho spade of the ficld-archicologist ; 

2. To draw attention to the wholesale destruction of antiquities now going on 
in different parts of the kingdom ; and 

3. To suggest the establishment of regular and systematic oversight of great 
engineering works which involve excavation and Amoval of the soil. 

The value of the spado in archusological investigations was never more appre- 
ciated than it is to- day; yet, in spite of activity in various directions, many 
fiohls of research remain cither entirely imotcupied or only partially worked. 
Whilst •jw)man sites are being explored in considerable numliers in 'England, 
Wiilos, and Scotland, the remains of pre-Roman times are, with one or two 
exceptions, comparatively nhglcctod. Tt is remarkable that so little attention is 
given to the sites of prehistoric huts and other dwellings. A hint of what may 
be expected by further excavation of these sites is afforded by the recent acci- 
dental discovery of gold tores of the Bronze Ago*under the floors of ancient hut 
dwellings at Bexley, Kent. 

sites of ancient dwellings exist in large numbers in many parts of the 
country. They may traced in mlich of the uncultivated land ,in England, 
as well as the mountainous districts of Wales. In certain districts in Wales 
dwelling-sites arc particularly abundant, and in some cases in close proximity to 
l>og,s, a circumstance which suggests tho advisability of draining the bogs with 
a view of recovering the antiquities which iilmost certainly are buried therein. 

Other unoccupied archaeological fields are blown-sands, dry river-beds, the 
dry sites resulting from shrunken and diverted rivers and drained marshes. 
In these various deposits the antiquities arc in comparative safety, although 
in many districts scientific investigation, on the lines of the excellent work at 
Glastonbury, is most desirable. 

The wholesale destruction of antiquities now going on as a result of coast- 
erosion, and rsiilway and other great engineering works, is a most serious matter. 
There is pressing need for supervision of all these great works, in order that 
the antiquities may be rescued and the circumstances of their discovery placed 
on permanent record. 
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The writer advocated the immediate establishment, as far as possible, of a 
regular system of archaeological oversight wherever and whenever excavations 
are being made in the soil; and he suggested that the matter be brought to the 
notice of the Government in order to enlist its^sympathy and support. 

5. Re'port on the Lake Villages in the Neighbourhood of Glastonbury, 

See Beports, p. 258. 

6. Report on the Age of Stone Circles , — See Beports, p. 264. 

7. Report of the Anthropological Photographs Committee, 

See Beports, p. 257. 

8. Report on the Preparation of a New Edition of Notes aiid Queries 
in Anthropology , — Sec Beports, p. 20G. 

9. Report on Archmlogical and Ethnological Investigations in 
Sardinia , — See Beports, p. 2G4. 

10. Report on an Ethnographic Survey of Ca«arf«.— Sec Reports, p. 265. 
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Section L— PHYSIOLOGY. 

President op the Section. — ^Professor A. B. Macallum, M.A., 
Ph.D., Sc.D., LL.D., F.11.S. 


THURSDAY, SEPTEMBER 1. 

The President delivered the following Address : — 

The record of inyestigation of the phenomena of the life of animal and vegetable 
cells for the last eighty years constitutes a body of knowledge which is of 
imposing magnitude and of surpassing interest to all who are concerned in the 
studies that bear on the organic world. The results won during that period will 
always constitute, as they do now, a worthy memorial of the intense enthusiasm 
of the scientific spirit which has been a distinguishing feature of the last six 
decades of the nineteenth century. We are to-day, in consequence of that 
activity, at a point of view the attainment of which could not have been pre- 
dicted half a century ago. 

This body of knowledge, this lore which we call cytology, is still with all this 
achievement in one respect an undeveloped science. It is chiefly — nay, almost 
wholly — concerned with the structural or morphological side of the cell, while of 
the functional phenomena our knowledge is only of the most general kind, and 
the reason is not far to seek. What little we know of the physiological side of 
the cell — as, for example, of cellular secretion, absorption, and nutrition — has 
only to a very limited extent been the outcome oi observations directed to that 
end. It is in very great part the result of all the inferences and generalisations 
drawn from the ^ata of morphological rescarc]:i. This knowledge is not the lers 
valuabl^or the less certjiin because it has been' so won, but simply bec^bUf^e of its 
soyfce and of the method by which we have gained it, it is of a fragmentary 
character, and therefore less satisfactory in our estimation. 

This state of our knowledge has affected — or, to express it more explicitly, has 
fashioned — our concept of living matter. When we think of the cell it is 
idealised as a morphological element only. The functional aspect is not ignored, 
but wc know ver^ little about it, and we veil our ignorance by classing its - 
manifestations as vital phenomena. 

It is true^hat in the last twenty ^rears, and more particularly in the last ten, 
we have gathered something from biochemical research. Wo knor/ much con- 
cerning ferment or c«atalytic action, of the physical characters of colloids, of the 
constitution of proteins, and their synthesis in the laboratory promises to be an 
achievemegit of the near future. Wo are also in a position to understand a little 
more clearly what happens in proteins when, on decomposition in the cell, they 
yield the waste products, urea, and other metabolites, with carbon dioxide and 
water. Further, fats can be formed in the laboratory from glycerine and fatty 
acids, a large number of which have also been synthesisri, and a very large 
majority of the sugars of the aldohexose type have been bailt up from simpler 
compounds. These facts indicate that some of the results of the activity of 
animal and vegetable cells may be paralleled in the laboratory, but that is as far 
as the resemblance extends. The methods of the laboratory are not as yet those 
of nature. In the formation of carbohydrates, for example, the chlorophyll- 
holding cell makes use of processes of the most speedy and effective character, 
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but nothing of these is known to us except that they are quite unlike the pro- . 
cesses the laboratory employs in the artificial synthesis of carbohydrates. Nature 
woiks unerringly, jinfaltcringly, with an amazing economy of material and 
energy, while ‘ our laboratory syntheses ana bu* roundabout ways to the wiusle 
eink.* 

In consequence, it is customary to regard living matter as unique— swi generic, 
as it were without an analogue or parallel in the inorganic world — and the 
secrets involved in its actions and activities as insoluble enigmas. Impelled by 
this view there aro those, also, who postulate as an explanation for all these 
manifestations the intervention in so-called living matter of a force otherwise 
and elsewhere unknown, biotic or vital, whose action is directed, at^oorcling to the 
character of the structure through which it operates, to the production of the 
phenomena in question. Living protoplasm is, in this view, but a mask and a 
medium for action of the unknown force. 

This is an old doctrine, but it has again made headway in recent years owing 
to the reaction from the enthusiasm which came from the belief that the applica- 
tion of the known laws of physics and chemistry in the study of living matter 
would explain all its mysteries. A quarter of a century ago hopes were high 
that the solution of these i)roblem8 would soon be found in a more profound 
comprehension of the laws of the physical world. Since then there has been an 
extraordinary increase in our knowledge of the structure and of the products of 
the activity of living matter without a corresponding increase in knowledge of 
the processes involved. The obscurity still involving the latter appears all the 
greater because of the high lights thrown on the former. Despair, in conse- 
quence, has taken the place of hope with some, and the action of a mysterious 
force is invoked to explain a mystery. 

It may bo admitted that our methods of investigation are very inadequate, 
and that our knowledge of the laws of matter, seemingly comprehensive, is nob 
at present profound enough to enable us to solve all tho problems involved in the 
vital phenomena. The greatest factor in the difficulty of their solution, how- 
ever, has been the fact that there has been a great lack of investigators specially 
trained not only in biology, but also in physics and chemistry, for tho very 
purpose of attacking intelligently such problems. The biologisti§, for want of 
such a wide training, have emphasised the morphological aspect and the readily 
observable phenomena of living matter; while tho physicist and chemist, know- 
ing little of the morphology of.the cell and of its vital manifestations, have 
been unable to apply satisfactorily the principlos^of their sciences to an under- 
standing of its processes. The high degree of specialism which certain depart- 
^lents of biology have in recent years developed has made that difficulty greater 
than it was. r 

It must also be said that in some instances in which the physicist and» 
chemist attempted to aid in the solution of biological problems the result on 
the whole has not been quite satisfactory. In, for example, the phenomena of 
osmosis the application of Arrhenius’ theory of ionisation and van’t Hoff’s gas 
theory of solutions promised at ^rst to explain all the processes and tho results* 
of diffusion through animal membranes. These theories were supported by such 
an array of facts from tho side of physics and physical chemistry* that there 
appeared to be no question whatever regarding their universal validity, and their 
application in the study of biological phenomena was urged with acclaim by 
physical chemists and eagerly welcomed by physiologists. The result in all 
ca.ses was not what was expected. Diffusion of solutes, according to the theories, 
should, if the membrane is permeable to them, always be from the flui^ where 
their concentration is high to that in which it is low. This appears to happen in a 
number of instances in the case of living membrane — or, at least, we may assume 
that it occurs — but in one signal instance at least the very reverse normally 
obtains. In the kidney, membranes formed of colls constituting the lining of the 
glomeruli and the renal tubules separate the urine, as it is bein^ formed, from 
the blood plasma and the lymph circulating through the kidney. Though the 
excreted fluid is derived from the plasma and lymph, it is usually of much 
greater osmotic concentration than the latter. 

It may be urged that this and other discrepancies are explained by the 
distribution (or partition) coefficient of the solutes responsible for the greater 
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concentration of the product of excretion, these solutes being more wluble 
excreted medium than in the blood plaema, and distributing or diiiusing them- 
selves accordingly. If such a principle is applicable here as an explanation, it 
may be- quite as much so in o^er mhysiological cases in yjliich the^ re^ilU are 
supposedly due only to the forces postulated in the theories of vant Hoff and 
Arrhenius. Whether this be so or not, the central fact remains that the enthusi- 
astic hopes with which the theories were applied by physiologists and biologists 
in the explanation of ccriain vital phenomena have not been wholly realised. 

The result has been a reaction amongst physiologists and biologists which 
has not been the least contributory of all the causes that have led to the present 
revival of vitalism. 

Another difiicutty in accounting for the vital phenomena has been due, until 
recently, to a lack of knowledge of the physical and chemical propeTties ol 
colloids and colloidal * solutions.* The importance of this knowledge consists in 
the fact that protoplasm, * the physical basis ’ of life, consists mainly of colloids 
and water. Till eleven years ago what was known regarding colloids was 
derived chiefly from the researches of Graham (1861-62), Ljubavin (1889), Barus 
and Schneider (1891), and Linder and Picton (1892-97), who were the pioneers in 
this line. In 1899 were published the observations of Hardy, through whose 
investigations very great progress in our knowledge of colloids was made. In 1^3 
came the invention of the ultramicroscope by Siedentopf and Zsigmondy, by which 
the suspension, character of colloid material in its so-called * solutions ’ was visually 
demonstrated. During the last seven years a host of workers have bv“ their 
investigations greatly extended our knowledge of the physical and chemical 
properties of colloids, and now the science of Collochemistry bids fair, the more it 
develops, to play a very important part in all studies bearing on the constitution 
and propei’ties of living matter. 

Then, also, there are the phenomena of surface tension. This force, the 
nature of which was first indicated by Segner in 1751, and described with more 
detail by Young in 1804 and La Place in 1806 in the expositions of their theories 
of capillarity, was first in 1869 only casually suggested as a factor in vital pro- 
cesses by Engelmann. Since the latter date and until 1892, when Biitschli pub- 
lished his observations on protoplasmic movement, no serious effort was made 
to utilise the principle of this force in the explanation of vital phenomena. Even 
to-day, when we know more of the laws of surface tension, it is onlv introduced 
as an incidental factor in speculations regarding the origin of protoplasmic move- 
ment and muscular contractiqp, and yet it is, as I shall maintain later on in 
this address, the most powerful, the most important of all the forces concerned 
in the life of ^nimal and vegetable cells. ^ 

It«may be gathered from all that I have advanced here that the otsJief defect in 
/l)iological research has been, and is, the failure to apply thoroughly the laws of 
the physical world in the explanation of vital phenomena. Because of this too 
much emphasis is placed on the division that is made between the biological and tin 
physical sciences. This division is very largely an artificial one, and it will in all 
probability be maintained eventually only as a convenience in the claEsificaticn r f 
the sciences. The biologist and physiologist have to deal with problems in whiiji 
a wide range of .knowledge is ncccs.sary for their adequate treatment; and, if the 
individual investigator has. not a very extensive training in the physical sciences, 
it is impossible for him to have at his command all the facts bearing on the subject 
of his research, unless the problem involved be a very narrow one. The lack of 
this wide knowledge of the physical sciences tends to specialism, and, as the 
speciallisn is ever growing, it will produce a serious situation eventually, for it 
will develop a condition in the scientific world in which co-ordination of effort and 
a broad outlook will be much more difficult than is the case now. 

This growing defect in the biological sciences can onl^ be lessened by the 
insistence of tj^ose in charge of advanced courses in biological and physiological 
laboratories that only they whose training is of a very wide character should be 
allowed to take up research. It is, perhaps, futile to expect that such a rule will 
ever be enforced, for in the keen competition between universities for young 
teachers who have made some reputation for original investigation there may not 1^ 
too close a scrutiny of the qualifications of those who offer themselves for post- 
graduate courses. There is, further, the difficulty that the heads of scientifio 
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departmentA are not desiroue of limiting the output of new knowledge from 
their laboratories by insisting on the wider training for the men of science who 
are in the process of developing as students of research. 

It is perhaps true, also, that there still* remains a groat deal unobserved or 
unrecorded in the fields of biology, physiology, and biochemistry, in the investiga- 
tion of all of which a broad training is not specially m|uired to give good 
service; and that, further, this condition wil^ obtain for one or two decades still. 
It is quite as certain, however, that the returns from such service will tend to 
diminish in number and value, and, if the coming generation of workers is not 
recruited from a systematically and broadly trained class of students, a period 
of comparative sterility may supervene. 

As it is to-day, there are few who devote themselves to the direct study of 
the cViemical and physical properties oi the cell, the iundamental unit of living 
matter. There are, of course, many who are concerned with the morphology of 
the cell, and who employ in their studies the methods of hardening and staining 
which have been of very great service in revealing the structural as well as the 
superficial chemical properties of the cell. On the facts so gained v^ws are 
based which deal with the chemistry of the cell, and which are more or less 
widely accepted, but the results and generalisations drawn from them give us 
but little insight into the chemical constitution of the cell. We recognise in the 
morphologists’ chromatin a substance which has only in a most general way an 
individuality, while the inclusions in the nucleus and the cytoplasm, on whore 
distinction by staining great emphasis is laid, can only in a most superficial way 
be classified chemically. 

The results of digestion experiments on the cell structures are also open to 
objection. The action of pepsin and hydrochloHc acid must depend very largely 
on the accessibility of the material whose character is to be determined. If 
there are membranes protecting cellular elements, pepsin, which is a celloid, if 
it diffuses at all, must in some cases at least penetrate them with difficulty. In 
Spirogyra, for example, the external membrane formed of a thick layer of 
cellulose is impermeable to pepsin, but not to the acid ; and, in consequence, the 
changes which occur in it during peptic digestion are due to the acid alone. 
Even in the cell whose periphery is not protected by a membrane, the insoluble 
colloid material at the surface serves as a barrier to the free entrance of the 
pepsin. It is, however, more particularly in the action on the nucleus and its 
contents that peptic digestion fails to give results which can be regarded as free 
from objection. Here is a membrane which during life serves to keep out of the 
nucleus not only all inorganic i^Ks but also all organic compounds, except chiefly 
those of the class of nucleo-protein;^ That such a membrane m?y, when the 
organism is dead, bo permeable to pepsin is at least open to question, i*i 
consequence what we see in the nucleus after the cell has been acted on by"*^- 
pepsin and hydrochloric acid cannot be adduced as evidence of its chcmic.*il or 
oven of its morphological character. ^ 

The results of digestive experiments on cells are, therefore, misleading. 
What may from them appear as i ucleo-protein may be anything but that, while, 
ill the pepsin penetrates as readily as the acid, there should be }eft not nucleo- 
protein, but pure nucleic acid, which should not stain at all. 

The objections which I now urge against the conclusions drawn from ^he results 
of digestion experiments have developed out of my own observations on yeast colls, 
diatoms, Spirogyra, and especially the Blue-green Algos. The latter are, as is 
Spirogyra, encased iif a membrane which is an effective barrier to all colloids. 
When, therefore, threads of Oscillaria are subjected to the action of artificial 
gastric juice, a certain diminution in volume is observed owing to the dissolving 
power of the hydrochloric acid, and* on alteration of the staining power of certain 
structures is found to obtain ; but the pepsin has nothing to do with these, as may 
be determined by examination of control preparations treated with a solution 
of hydrochloric acid alone. 

It is thus seen how slender is our knowledge of the chemistry of cells derived 
from staining methods and from digestion experiments. That, however, has not 
been the worst result of our confimice in our methods. It has led cytologists 
to rely on these methods alone, to leave undeveloped others which might have 
thrown great light on the chemical constitution of the cell, and which might have 
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enabled us to understand aiiittle more clearly the causation of some of the 
vital phenomena. 

It was the futility of some of the old methods that led mo, twenty years ago, 
to attack the chemistry of the ciil from what appeared to me a correctly chemical 
standpoint. It seemed to me then, and it appears as true now, that a diligent 
search for decisive chemical reactions would yield results of the very greatest 
importance. In the interval I havQ been able to accomplish pnly a small fraction 
of what I hoped to do, but I think the results have justified the view that, if there 
had been many investigators in this line instead of only a very few, the science 
of Cytochemistry would play a larger part in the solution of the problems of cell 
physiology than it now does. 

The methods and the results are, as I have said, meagre, but they show 
distinctly indeed that the inorganic salts are not diffused uniformly throughout 
the cell; that in vegetable cells they are rigidly localised, while in animal cells, 
except those devoted to absorption and excretion, they are confined to specified 
areas in the cell. Their localisation, except in the case of inorganic salts of iron, 
is not due to the formation of precipitates, but rather to a condition which is the 
result of the action of surface tension. This seems to me to be the only ex- 
planation for the remarkable distribution, for example, of potash salts in 
vegetable cells. We know that, except in the chloroplatinate of potassium and 
in the hexanitrite of potassium, sodium and cobalt, potassium salts form no pre- 
cipitates; and yet, in the cytoplasm of vegetable cells, the potassium is co 
localised at a few points as to appear at first as if it were in the form of a pre- 
cipitate. In normal active cells of Spirogyra it is massed along the edge of the 
chromotophor, while in the mesophyllic cells of loaves it is condensed in masses 
of the cytoplasm, which are by no means conspicuous in ordinary preparations 
of these cells. 

This effect of surface tension in localising the distribution of inorganic salts 
at points in the cytoplasm would explain the distribution of potassium in motor 
structures. In striated muscle the element is abundant in amount, and is confined 
to the dim bands in the normal conditions. In Vorticdla, apart from a minute 
quantity present at a point in the cytoplasm, it is found in very noticeable 
amounts in the contractile stalk; while in the HolotricHkte Infusoria (Para- 
moEcium) it is in very intimate association with the basal elements of the cilia in 
the ectosarc. This, indeed, would seem to indicate that the distribution of the 
potassium is closely associated with contraction, and, therefore, with the pro- 
duction of energy in contractile tissues. The condensation of potassium at a 
point may, of course, be a result of a combination Vith portions of the cytoplasm, 
but we have <10 knowledge of the occurrei\'’e of such compounds; and, further, 
the presence of such does not explain anything, or account for the^.iberation of 
‘ energy in motor contraction. On the other hand, the action of surface tension 
would explain not only the localisation of the potassium but also the liberation 
of the energy. ^ 

In vessels holding fluids the latter, in relation to surface tension, have 
two surfaces — one free, in contact with the air; and known as the air-water sur- 
face; the other II that in contact with the wall of the containing vessel (glass). Ju 
the latter the tension is lower than in the former. When an inorganic com- 
pound — a '•salt, for example^is dissolved in the fluid it increases the tension at 
the air-water surface, but its dilution is much greater here thtifn in any other 
part of the fluid; while at the other surface its concentration is greatest. In 
the latter case the condition is of the nature of adsorption. * The condensation on 
that portion of the surface where the tension is least is responsible for what we 
And when a solution of a coloured salt, as, e,g., potassium permanganate, is 
driven through a layer of dry sand. If the latter is of some considerable thick- 
ness the fluid as it passes out is colourless. The air-solution surface tension is 
higher than the tension of each of the solution-sand surfaces on which, therefore, 
the permanganate condenses or is adsorbed. The same phenomenon is observed 
when a long strip of filter-paper is allowed to hang with its lower end in contact 
with a moderately dilute solution of a copper salt. The solution is imbibed by 
the filter-paper, and it ascends a certain distance in a couple of minutes, when 
it may be found that the uppermost portion of the moist area is free from even 
a trace of copper salt.* 
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If, on the other hand, an organic compound-aa, 
salts— instead of an inorganic compound IS dissolved in tn6 11111(1, BUiia^ 
tension of the air-water surface is reduced, and in consequence the bile SbU IS 
fjoncenti'oted at that surface; wlTile in the remainder of the fluid, and particu- 
larly in that portion of it in contact with the Wall of the vessel, the concentra- 
tion is reduced. 


The distribution of a salt in such a fluid, whether it lowers surface4ension or 
increases it, is due to the action of a law which may bo expressed in words to 
the effect that the concentration in a system is so adjusted as to reduce the energy 
at any point to a minimum. 

Our knowledge of this action of inorganic and organic substances on the 
surface tension in a fluid and of the differences in their concentrations throughout 
Ihe latter was contained in the results of the observations on gas mixtures by 
J. Willard Gibbs, published in 1878. The principle as applied to solutions was 
independently discovered by J. J. Thomson in 1887. It is known as the Gibbs* 
principle, although the current enunciations of it contain the more extended 
observations of Thomson. As formulated usually it is more briefly given, and 
its essential points may be rendered in the statement t/mt whan a svhstnnce on 
solution in a fluid lowers the sitr/arc tension of the latter the concentration of the 
solute is greater in the surface layer than elsewhere in the solution; hut when the 
substance dissolved raises the surface tendon of the fluid, the concentration of 
the solute is least in the surface layers of the solution. 

It is thus seen how in a system like that of a drop of watei with different 
contact surfaces the surface tension is affected, and how this alters the distribu- 
tion of solutes. It is further to be noted that for most organic solutes the action 
in this respect is the very reverse of that of inorganic salts. Consequently, in a 
living cell which contains both inorganic and organic solutes, and in which there 
are portions of different composition and density, the equilibrium may be subject 
to disturbance constantly through an alteration of the surface tension at any point. 
Such a disturbance may be found in a drop of an emulsion of olive oil and 
potassium carbonate in the well-known experiments of Biitschli. When the 
emulsion is appropriately prepared, a minute drop of it, after it is surrounded with 
water, will creep u^der the cover glass in an amooboid fashion for hours, and 
the movement will more marked .and rapid when the temperature is raised to 
40^ to 50° C. All the phenomena manifested arc due to a lowering of the surface 
tension at a point on the surface, as a result of which there is protrusion there 
of the contents of the drop, a«?companied, Biitschli holds, by streaming cyclic 
currents in the remainder of the mass. 

Surface tension also, according to J. Traube, is all-important in osmosis, and 
he holds that it is the solution pressure (TInftdruck) of a s bstance which 
determines 'the velocity of the osmotic movement and the direction anH force 
of the osmotic pressure. The solution pressure of a substance is measured by 
the effect that substance exercises when dissolved on the surface tension* of its 
solution, or, to put it in Traube’s own way, the more a subEtance lowers or raises 
the surface tension of a solvent (water) the less or greater is the solution pressure 
{Ilaftdruck) of that substance. This solution pressure, Traube further holds, is 
the only force controlling osmosis through a membrane, and he rejects completely 
the bombardment effect on the septum postulated in the van*fc Hoff theory of 
osmosis. ^ • 

The question as to the nature of the factors concerned in osmosis must remain 
undecided until the facts have been more fully studied from the physiological 
standpoint, but enough is now known to indicate that surface tension plays at 
least a part in it, and the omission of all consideration of it as a factor is not by 
any means a negligible defect in the van’t Hoff theory of osmosis. 

The occurrence of variations in surface tension in the individual cells of an 
organ or tissue is difficult to demonstrate directly. We have no methods for that 
purpose, and, in consequence, one must depend on indirect ways to reveal whether 
such variations exist. The most effective of these is to determine the distribution 
of organic solutes and of inorganic salts in the cel-1. The demonstration of the 
former is at present difficult, or even in some cases impossible. The occurrence 
of soaps which are amongst the mdbt effective agents in lowering surface tension 
may be revealed without difficulty microchemically, asjnay also neutral fats; 
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but wo have as yet no delicate microchemical tests for sugars, urea, and other 
nitrogenous metabolites, and in consequence the part they play, if altering 

the surface tension in different kinds of cells^ is unknown. Further research 
may, bpwever, result in discovering methods of revealing their occurrence micro- 
chemically in the cell. We are^n a like difficulty with regard to sodium, whoM 
distribution we can determine microchemically in its chief compounds, the 
chloride lind phosphate, only after the exclusion of potassium, calcium, and 
magnesium. We have, on the other hand, very sensitive reactions for potassium, 
iron, calcium, haloid chlorine, and phosphoric acid, and with methods based on 
these reaction?; it is possible to localise the majority of the inorganic elements 
which occur in the living cell. 

By the use of these methods we can indirectly determine the occurrence of 
differences in surface tension in a cell. This determination is based on the 
deduction frem the Gibbs-Thomson principle that, where in a cell an inorganic 
element or compound is concenti’ated, the surface tension at the point is lower 
than it is elsewhere in the cell. If, for example, it is concentrated on one wall of a 
cell. The thickness of this Layer must vary with the osmotic concentration in the 
cell, with the specific composition of the colloid material of the cytoplasm and 
with the activity of the cell, but it should not exceed a few hundredths of a 
millimetre (0*02 to 0*04 mm.), while it might be very much less in an animal cell 
whose greatest diameter does not exceed 20 /* . 

Numerous examples of such localisation may be observed in the confervoid 
Protophyta. In UloihriXy ordinarily, there is usually a remarkable condensation 
of tho potassium at the ends of the cell on each transverse wall. The surface 
tension, on the basis of tho deduction from the Gibbs-Thomson principle, should 
be, in all these r.ascs, high on the lateral walls and low on those surfaces 
adjoining the transverse septa. 

The use of this deduction may be extended. There are in cells various inclu- 
sions whose composition gives them a different surface tension from that prevailing 
in tho external limiting area of the cell. Further, the limiting portion of the cyto- 
plasm in contact with these inclusions must have surface tension also. When, there- 
fore, we find by fnicrochcniical means that a condensation of an inorganic element 
or compound obtains immediately within or without an inclusion, we may conclude 
that there, as compared with the external surface of the cell, the surface tension 
is low. It may be urged that the condensation is due to absorption only, but this 
objection cannot hold, for in tho Gibbs-Thomson phenomena the localisation of 
the solute at a part of the surface as the resultK>f high tension elsewhere of the 
solution is, in all probability, due to absorption, and is indeed so regarded.' 

It is in this way that wo can explain the remarkable localisation of potassium 
in the cytopla..m at tho margins of the chninatophor in Spirogyra and also the 
extraordinary quantities of potassium held in or on the inclusions ‘Ih the meso- 
f)hyllic cells of leaves. In Infusoria (VorticellOf Paramoecium) the potassium 
present apart from that in the stalk or ectosarc is confined to one or more small 
granules or masses in the cytoplasm. 

How important a factor this is in clearing the active portion of tho cytoplasm 
of compounds which might hamper its action, a little consideration will show. 
In plants very large quantities of salts are carried to the leaves by the sap from 
the roots, and among these salts those of potassium are the most abundant as 
a rule. Baching the leaves these salts do not return, and in consequence during 
the functional life of the leaves they accumulate jn the mesophyllic cells in very 
large quantities, which, if they weie not localised as described in the cell, would 
affect the whole cytoplasm and alter its action. 

^ Enough has been advanced here to indicate that surface tension is not a minor 
feature in cell life. I would go even further than this and venture to say that 
the energy evolved in muscular^ contraction, that also involved in secretion and 
excretion, the force concerned in the phenomena of nuclear and cell division, and 
that force also engaged by the nerve cell in the production of a nerve impulse 
are but manifestations of surface tension. On this view the living cell is but a 
machine, an engine, for transforming potential into kinetic and other forms of 
energy, through or by changes in its surface energy. 

t 

^ jSoqi,Froundlich, Ka^Uarchemit, p. 50, 1909, 
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To present an ample defence of all tho parts of the thesis just advanced is 
more than 1 propose to do in this address. That would take more time than is 
customarily allowed on such an occasion, and 1 have, in consequence, decided 
to confine my observations to outlines of the points as specified. 

It is not a new view that surface tension is^ho source of the muscular con- 
traction. As already stated, the first to a^ply the explanation of this force as a 
factor in cellular movement was Engelmann in 1869, who advanced the view that 
those changes in shape of cells which are classed as contractile are all due to 
that force which is concerned in the rounding of a drop ol fluid. The same view 
was expressed by Bindfleisch in 1880, and by Berthold in 1886, who explained the 
protoplasmic streaming in cells as arising in local changes of surface tension 
bctweeli the fluid plasma and tho cell sap, but he held that the movement and 
streaming of Amcehm and Vlasmodim are not to be referred to the same causes as 
operate in the protoplasmic streaming in plant cells. Quincke in 1888 applied the 
principle of surface tension in explaining all protoplasmic movement. In his 
view the force operates, as in the distribution of a drop of oil on water, in 
spreading protoplasm, which contains oils and soaps, over surfaces in which the 
tension is greater, and as soap is constantly being formed, the layer containing it, 
having a low tension on the surface in contact with water, will as constantly 
keep moving, and as a result pull the protoplasm with it. Tho movement of the 
latter thus generated will be continuous and constitute protoplasmic streaming. 
In a similar way Biitschli explains the movement of a drop of soap emulsion, 
the layer of soap at a point on the surface of the spherule dissolving in the water 
and causing there a low tension and a streaming of tho water from that point 
over the surface of the drop. This produces a corresponding movement in tho 
drop at its periphery and a return central or axial stream directed to the pojnt 
on the surface where the solution of the soap occun’cd, and where now a protrusion 
of the mass takes place resembling a pseudopodium. In this manner, Biitschli 
holds, the contractile movements of Amoebce are brought about. In these tho 
chylema or fluid of the foam-like structure in the protoplasm is alkaline, it con- 
tains fatty acids, and, in consequence, soaps are present which,, through rupturo 
of the superficial vesicles of the foam-like structure at a point, are discharged on 
the free surface and. produce there the diminution of surface tension that calls 
forth currents, internal and external, like those which occur in the case of the 
drop of oil emulsion. * 

The first to suggest that surface tension is a factor in muscular contraction was 
D’Arsonval, but it was Tmbert who, in 1897, directly applied the principle in 
explanation of the contractility of smooth and striated muscle fibre. In his 
view the primary conditions are different in the former from what obtain in the 
latter. In smooth muscle fibre the exlension is determined, not by aiiy force-inside 
it, but by eicternal force such as may distend the organ (intestine, bladder, and 
arteries) in whose wall it is found. The * stimulus ’ which causes the contraction 
increases the surface tension between the surface of the fibre and the surrounding 
fluid, and this of itself has the effect of making the fibre tend to become more 
spherical or shorter and thicker, ^which change in shape does occur during con 
traction. He did not, however, explain how the excitation altered tho surface 
tension, except to say that its effect on surface tension is like that of electricity, 
with which the nerve impulse presents some analogy. In striated fily'e, on the 
other hand, th^ discs constituting the light and dim bands have each a longitu- 
dinal diameter which is an effect of its surface tension, and this causes extension 
of the fibre during rest. When a nerve impulse reaches the fibre the surface 
tension of the discs is altered, and there results a deformation of each, involving 
a shortening of its longitudinal axis and thus a shortening of the whole fibre. 

According to Bernstein, in both smooth and striated muscle fibre there is, in 
addition to surface tension, an clastic force residing in the material composing the 
fibre which, according to the conditions, sometimes opposes and sometimes assists 
the surface tension. The result is that in the muscle fibre at rest the surface 
roust exceed somewhat that of the fibre in contraction. In both conditions the 
sum of the two forces, surface tension and elasticity, must be zero. In contraction 
the surface tension increases, and wjth it the elasticity also. Taken as a whole 
this would not explain the large force generated in contraction, for the energy 
liberated would be the product of t;he eurface tension and the amount representing 
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the diminution of the surface due to the contraction. ^ As the latter is very small 
the product is much below the amount of energy in the form of work done 
actually manifested. To get over this difficulty Bernstein postulates that in 
muscle fibres, whether smooth or striated, there are fibrils surrounded by sarco- 
plasma, and that each fibril fc formed of a number of cylinders or biaxial 
ellipsoids singly disposed in the coutse of the fibril, but separated from each 
other by clastic material and surrounded by sarcoplasma. Between the ellipsoids 
and the sarcoplasma there is considerable surface tension, which prevents mixture 
of the substances constituting both. The excitation through the nerve impulse 
causes an increase of surface tension in these ellipsoids, and they become more 
6[>herica]. Jn consequence the decrease in surface of all the ellipsoids constituting 
a fibril is much greater than if the fibril were to be affected as an individual 
unit only by an increase of surface tension, and thus the surface energy developed 
would be correspondingly greater. The ellipsoids, Bernstein explains, are not to 
be confused with the discs, singly and doubly refractive in striated fibre ; for these, 
ho holds, are not concerned in the generation of the contraction but with the 
processes that make for rapidity of contraction. The extension of a muscle after 
contraction is due to the elastic reaction of the substance between the ellipsoids in 
the fibrils. Bernstein further holds that fibrils of this charactter occur in the 
protoplasm of Amcebcet in the stalk of VoTticclla, and in the cctoplasma of 
StentoTj and this explains their contractility. 

It may be said in criticism of Bernstein’s view that his ellipsoids are from 
their very nature non-demonstrable slmctures, and, therefore, must always remain 
as postulated elements only. Further, it may be pointed out that he attributes 
too small a part to surface tension in the lengthening of the fibre after contrac- 
tion, and that the elasticity which muscle appears to possess is, in the last analysis, 
but a result of its surface tension. 

As regards Quincke’s explanation of protoplasmic movement and streaming, as 
well as of muscular contraction, Biitschli has shown that it is based on a mistaken 
view of the structure of the cell in Chara and other plant forms in which proto- 
plasmic streaming occurs. Biitschli’s own hypothesis, however, is defective in 
that it postulates a current in the fluid medium just outside the Amopba and 
backward over its surface, the existence of which Berthold denies, and Biitschli 
himself has been unable to demonstrate, even with the aid of fine carmine powder 
in the fluid. He did, indeed, observe a streaming in the water about a creeping 
Pdomyxa, but the current was in the opposite direction to that demanded by 
his hypothesis. Further, his failure to demonstrate the occurrence of the postu- 
lated backflow in the water about the contracting or moving mass of an Amaha 
or a Pelomyxa, makes it difficult to accept the hypothesis he advanced to explain 
that l\ackflow^ namely, that rupture of peripheral vesicles (Waben) of the proto- 
. plasn\ occurs, with a consequent discharge of their contents (proteins, oils, and 
soaps) into the surrounding fluid. Surface tension, further, on this hypothesis 
would be an uncertain and wasteful factor in the life of the cell. On a priori 
grounds also it would seem improbable that this force should be generated outside 
instead of inside the cell. 

One common defect of all these views is thdt they made only a limited applica- 
tion of the principle of surface tension. This was because some of its phenomena 
were unknown, and especially those illustrating the Gibbs-Thomson principle. 
With its aid and with tne knowledge of the distribution of inorganic constituents 
in animal and vegetable cells that microchemistry gives us we can make a more 
extended application of surface tension as a factor in cellular life than was 
possible ten years ago. 

In regard to muscle fibre this is particularly true, and microchemistry has 
been of considerable service here. From the analyses of the inorganic con- 
stituents of striated muscle in vertebrates made by J. Katz and others we know 
that potassium is extraordinarily abundant therein, ranging from three and a 
half in the dog to mdre than fourteen times in the pike the amount of sodium 
present. How the potassium salt is distributed in the fibre was unknown before 
1904, in which year, by the use of a method, which I had discovered, of demon- 
^ Rtrating the potassium microchemically, the element was found localised in the 
dim bands. Later and more extended obiservations suggested that in the dim 
band itself, when the muscle fibre is at rest, the potassium is not uniformly 
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distributed, and it was found to be the case in the wing muscles of certain of the 
insecta~>as, for example, the scavenger beetles — in which the bands are broad 
and conspicuous enough to permit ready observation on this score. In these the 
potassium salt was found to be localised in the clones of each dim band adjacent 
to each light band. Subsequently Miss M. L. Menten, working in my labora- 
tory and using the same microchemical method, found the potassium similarly 
limited in its distribution in the muscle fibres of a number of other insects. She 
determined, also,, that the chlorides and phosphates have a like distribution in 
these structures, and it is consequently probable that sodium, calcium, and 
magnesium have the same localisation. 

Macdonald has also made investigations on the distribution of potassium in 
the muscle fibre of the frog, crab, and lobster, using fOr this purpose the 
hexanitrite reagent. He holds, as a result of his observations, that the element 
in the uncontractod fibril is limited to the sarcoplasm in the immediate' neighbour- 
hood of the singly refractive substance, while it is abundantly present in the 
central portion of each sarcomere of the contracted, fibril — ^that is, in the doubly 
refractive material. I am not inclined to question the former point, as 1 have 
not investigated the microchemistry of the muscle in the crab and lobster, and 
my only criticism would bo directed against placing too great reliance on the 
results obtained in the case of frog’s muscle. The latter is only very slowly pene- 
trated by the hexanitrite reagent, and, apparently because of this, alterations 
in the distribution of the salts occur and, as I have observed, the potassium 
may be limited to the dim bands of one part of the contracted fibre and may be 
found in the light bands of another part of the same. In the wing muscles of 
insects in the uncontracted condition such disconcerting results are not so readily 
obtained, owing, it would seem, to the readiness with which the fibrils may bo 
isolated and the almost immediate penetration of them by the reagent. Here 
there is no doubt about the occurrence of the element in the zones of the dim 
band immediately adjacent to the light bands. 

Whether the potassium in the resting fibre is in the sarcoplasm or in ’the 
sarcostyle I would hesitate to say. It may be as Macdonald claims, but I find 
it difficult to apply in microchemical studies of muscle fibre the concepts of its 
more minute structure gained from merely stained preparations. Because of 
this difficulty I have refrained from using here, as localising designations, other 
expressions than ‘ light bands ’ and * dim bands.* The latter undoubtedly include 
some sarcoplasm, but in the caoo of the resting fibre I am certain only of tb»' 
presence of potassium, as described, in the dim band regarded as an individual 
part, and not as a composite structure. 

Now, on applying the Gibbs-Themson principle enunciated ab ve, this distri- 
bution would seem to indicate that in the dim band of a fibril the surface tension 
is greatest on its lateral walls, in consequence of which the potassium salts are 
concentrated in the vicinity of the remaining surfaces, i.e., those limiting the 
light bands. This explanation would seem to be confirmed by the observations 
I made on the contracted fibrils of the wing muscles of a scavenger beetle. In 
these the potassium was found Uiiiformly distributed throughout each dim band, 
which, instead of being cylindrical in shape as in the resting element, is provided 
with a convexly curved lateral wall, and therefore with a smaller surface than 
the mass of the dim band has when at rest. This contour suggests that the 
surface tension on the lateral wall is lessened to an amount below that of either 
terminal surface, followed by a redistribution of the potassium salt to restore the 
equilibrium thus disturbed. The conseqqent shortening of the dim bands of the 
fibrils would account for the contraction of the muscle. 

How the surface tension of the lateral wall of the dim band is lessened in 
contraction is a question which can only be answered after much more is known 
of the nature of the nerve impulse as it reaches the muscle fibril, and of the part 
played by the energy set free in the combustion proceed in the dim bands. It 
may be that electrical polarisation, as a result of the arrival of the nerve impulse, 
develops on the surface of the lateral wall, and as a consequence of which its 
surface tensioli is diminished. The energy so lost appears as work, and it is 
replaced by energy, one may su|l^ose, derived from* the combustion of tKe 
material in the dipi band. In this case the disturbance of surface tension would 
be primary, while the combustion process wopUl b9 dpcondary, in the order of 
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time. In support of this explanation may be cited the fact that the current of 
action in muscle precedes in time the contraction itself— that is, the .electrical 
response of- the stimulus occurs in the latent period and immediately before the 
contractiou begins. i t. 

It may, however, be postulat' d. On the other hand, that the chemical changes 
occur in those' parts of the dim band immediately adjacent to the light bands, 
and as a result the tension of the terminal surfaces may be increased, this 
resulting in the shortening of the longitudinal axis of the dim band and the 
displacement laterally, of the contents. This would imply that the^ energy of 
muscle contraction come* primarily from that set free in the combustion process, 
and not indirectly as involved in the former explanation. 

Whatever may be the cause of the alteration in surface tension, there would 
seem to bo no question of the latt(S.' The very alteration in shape of the dim 
band in contraction makes it imperative to believe that surface tension is con- 
cerned. The redistribution of the potassium which takes place as described in 
the contracting fibrils of the wing muscles of the scavenger beetle can be 
explained in no other way tl^n through ike alteration of surface tension. 

In the smooth muscle fibre potassium is also present and in close association 
throughout with the membrane. When a fresh ^preparation of smooth muscle is 
treated so as to demonstrate the presence of potassium, the latter is shown in 
the form of a granular precipitate of hexani trite of sodium, potassium, and 
cobalt in the cement substance between the membranes of the fibres. In the 
fmooth muscle fibres in the walls of the arteries in the frog the precipitate 
in the cement material is abundant, and its disposition suggests that it plays 
some part in the rCle of contraction. Inside of the membrane potassium occurs, 
but in very minute quantities, which, with the cobalt sulphide method, gives a 
just percef)tible dark shade to the cytoplasm as a whole. Microchemical tests 
for the chlorides and phosphates indicate that the cytoplasm is almost wholly 
free from them, and consequently there is very little inorganic material inside of 
the fibre. Chlorides and phosphates, but more particularly the former, are 
abtindant in the cement material, and their localisation here would seem to 
indicate that the potassium of the same distribution is combined chiefly as 
chloride. 

In smooth muscle fibre, then, the potassium is distributed very differently 
from what it is in striated fibre, and on first thought it seemed difficult to postulate 
that the contraction could bo due to alterations of surface tension. This, how- 
ever, would appear to be the most feasible explanation, for the potassium salts 
in the cement substance might be supposed to shift their position under the 
influence of electrical force so as to reach the interior of the membranes of the 
fibres, in wiii^h case the surface tension the latter would be immediately 
increaAhd and the fibre itself would in consequence at once begin _to contract. 
The slowness with which this shifting into, or absorption by, the membrane of 
the potassium salts would take place would also account for the long latent period 
of contraction in smooth muscle. 

It is of interest here to note that the potassium ions have the highest ionic 
ipobility (transport number) of all tho elements of the kationic class, except 
hydrogen, which arc found to occur in connection with living matter. Its value 
in this respect is half again as great as that of sodium, one-eighth greater than 
that of crlcium, and one-seventh greater than that of magnesium. This high 
migration velocity of potassium ions would make the element of special service 
in rapid changes of surface tension. 

LoeW has pointed out that potassium in the condensation processes of 
the synthesis of organic compounds has a catalytic value different from that of 
sodium. ^ For example, ethyl aldehyde is condensed with potassium salts to 
aldol, with sodium salts to crotonic aldehyde (Kopf and Michael). Potassium 
is, but sodium is not, effective in the condensation of carbon monoxide. When 
phenol is fused with potassium salts condensation products like diphenol are 
produced, but when sodium salts are used the products are dioxybenzol and 
phloroglucin (Barth). It is, therefore, not improbable that potassium, along 
with those properties which come from its ionic mobility, has a special value in 
the metabolism of the dim bands of striated muscle fibre and in the condensa- 
tion synthesis which characterise the chromatophors of Protophyta (Sfirogyra, 
Zyontfnci^, 
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With the use of this method of determining differcncee in surface tension in 
cells it is possible, in some cases at least, to ascertain whether this force plays a 
part in both secretion and excretion, &nd evidence in favour of this view can be 
found in the panci-eatic cells of the rabbit, guinea pig, and in the renal Cells of the 
frog. In the pancreatic cells there is an extraor Jinary condensatioh of potassium 
salts in the cytoplasm of each cell adjacent to the lihnen pf ' the tubule, and 
during all the phases of activity — except, it would appear, that of the* so-called 
“resting stage ” — potassium salts occur in, and are wholly xjonfi'ned to, this part 
of each cell. It is difficult to say whether they pass into the lumen with tho 
secretion and their place taken by more from the blcod-stream and lymph, but 
the important point is that the condensation of' potassium salts immediately 
adjacent to the lumen seems to indicate a lessened surface tension oh the lumen 
surface of the cell. , - ^ ^ 

According to Stoklasa * tho pancreas of tho pig is much richer in potae riuin 
than in sodium, the dried material containing 2*09 per cent, of potassium and 0*28 
per cent, of sodium, while tho values for the dried material of ox muscle arc, 
as he determined them, 1*82 and 0*26 per cent, respectively. It is significant that 
in tho pancreas this large amount of potassium should bo localised as described. 

In the renal cells of vertebrates there is usually a considerable amount of 
potassium salts distributed throughout the cytoplasm. Thefo cells are always 
active in the elimination of the element from the blood, and it is in consequence 
not possible to determine whether there are differences in surface tension in. 
them. Under certain conditions, hovrever, these can bo demonstrated. In 
the frogs which have been kept in the laborjitory tanka throughout tho winter, 
and in the blood of w'hich the inorganic salts have been, because of the long 
period of inanition, reduced to almost hyptonic projwrtions, the renal cells 
are very largely free from potassium. When it is present it is usually diffused 
throughout the cytoplasm. If now a few cubic centimetres of a decinormal 
solution of potassium chloride be injected into the dorsal lymph sacs of one of 
these frogs, and after twenty minutes the animal is killed, appropriate treatment, 
with the cobalt reagent, of a thin section of the fresh kidney made by the carbon 
dioxide freezing method, reveals in the cells of certain of tho tubules a conden- 
sation of potassium salts in the cytoplasm immediately adjacent to the wall of 
tho lumen. There is also a very slight diffuse reaction throughout the remainder 
of the cytoplasm, except in that part immediately adjacent to the external 
boundary of the tubule. In these cells tho potassium injected into the lymph 
circulation is being excreted, and the condensation of the element at or near 
the surface of the lumen is evidence that there tho tension is less than at the 
other extremity of the cell. 

These facts are in their significan-’c in line with some observati ms that I have 
made on tho absorption of soluble salts by the intestinal mucosa in the guiu'ea-pig. 
When tho * peptonate * of iron was administered in the food of the animal it was 
not unusual to find that in tho epithelial cells of the villi the iron salt was dis- 
tributed through the cytoplasm, but its concentration, as a rule, was greatest in 
the cytoplasm adjacent to the inner surface of the cell, from which it diffused 
into the underlying tissue. He^e also, inferentially, surface tension is lower 
than elsewhere in the cell. 

It would perhaps be unwise to form final conclusions at this stage in tho 
progress of the investigation of the subject, but the results so far gained tempt 
one to adopt aSi a working hypothesis that in the secreting or the excreting Ml 
lower surface tension exists at its secreting or excreting surface than at any other 
^int on the cell surface. How this low surface tension is caused or maintained 
it is impossible to say, but, whatever the solution of the question may 1^, it is 
important to note that we must postulate the participation of this force in renal 
excretion in order to explain tho formation of urines of high concentration. These 
have a high osmotic pressure, as measured by the depression of the freezing point, 
while the osmotic pressure of the blood plasma determined in the same way is low. 
On the principle of osmosis alone, as it is currently understood, this result is 
inexplicable, for the kinetic energy, as required in the gas theory of solutions, 
should not be greater, though it might be less, in the urine than in tho blood. It 
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is manifest that in the formation of concentrated urines energy is expended. We 
know also from the investigations of Barcroft and Brodie that the kidney during 
diuresis absorbs much more oxygen per gram weight than the body generally, and 
that, assuming it is used in the oombustion of a proteid, a very large amount of 
energy is set free, very much more indeed than is necessary. It has also been 
observed that a portion of the energy set free is found in a higher temperature in 
the excretion than obtains in the blood itself circulating through the kidney. This 
large expenditure of energy is, probably, a result of the physiological adaptation 
of the principle of the ‘factor of safety,* which, as Meltzer has pointed out, 
occurs in other organs of tfie body. 

In cell and nuclear division surface tension operates as a force, the action of 
which cannot be completely understood till we know more of the part played by 
the centrosomes and centrosphere. That this force takes part in cell reproduct ion 
has already bc*on suggested by Brailsford Robertson. He has devised an ingenious 
experiment to illustrate its action. If a thread moistened with a solution of a 
base is laid across a drop of oil in which is dissolved some free fatty acid the drop 
divides along the line of the thread. When the latter is moistened with soap 
the drop divides in the same way and in the same plane. The soap formed in one 
case and present in the other, it is explained, lowers the surface tension in the 
crpiatorial plane of the drop, and this diminution results in streaming movement 
away from that plane which bring about the division. lie suggests that in cell 
division there <'s a liberation of soaps in the plane of division which set up 
streaming movements from that plane towards the poles and terminating in the 
division of the cytoplasm of the cell. 

I have observed in the cells of Zygnema about to divide a remarkable condensa- 
tion of potassium in the plane of division. In the ‘ resting’ cell of this Alga the 
potassium is, as a rule, more abundant in the cytoplasm near the transverse walls 
of the thread, and only traces of the element are to be found along the line of 
future division of the cell. But immediately after division has taken place the 
potassium is concentrated in the plane of division. This would seem to indicate 
that surface tension in the plane of division is, as postulated by the deduction from 
the Gibbs-Thomson principle, lower than it is on the longitudinal surface, and 
lower, especially, than it is cn the previously formed trarisverse septa of the 
thread. 

One must not, however, draw frem this the conclusion that in all dividing 
cells surface tension is lower in the plane of division than it is elsewhere on the 
surface of the dividing structure. All that it means is that in the dividing cell 
of Zygnenm the condition already exists along the plane of division, which subse- 
quently makes«for low surface tension in the^eell membrane immediately adjacent 
to oaefrtransverse septum in the confervoid thread. If the evidence o-Mow surface 
tension vanished immediately after division was complete, then it might be held 
that it determined the division. As it is, the low surface tension in this case is 
the result and not the cause of the division. 

This conclusion is corroborated by the results of observations on the cells of the 
ovules of LUium and Tulipa. The potasdum silts in these are found condensed 
in minute masses throughout the cytoplasm. When division is about to begin the 
salts are shifted to the peripheral zone of the cytoplasm, and when the nuclear 
membrane Miisappears not a trace of potassium is now found in the neighbourhood 
of the free chromosomes, a condition which continues till after nuclear division is 
complete. The absence of potassium, the most abundant basic element in the 
cytoplasm,' would indicate that soaps are not present, and appropriate treatment 
of such colls, hardened in formaline only, with Scarlet Red demonstrates that fats, 
including lecithins, are absent also. This would seem to show that high instead 
of low surface tension prevails about the nucleus during division. During the 
* resting * condition of the nucleus this high tension is maintained, for, except in 
very rare cases, and these of doubtful character, there is no condensation of 
inorganic salts in the neighbourhood or on the surface of the nuclear membrane. 
It is also to be noted that the nucleus, with exceptions, the majority of which 
are found in the Protozoa, is of .spherical shape, which also postulates that high 
surface tension obtains either in the cytoplasmic layer about the nucleus or in the 
nuclear membrane itself. It may also l>e suggested that high surface tension, 
and not the physic^al impermeability of the nuclear membrane, is the reason why 
the QucleuB is, as I have often stated, wholly free from inorganic constituents. 
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tt (Ictes hot follow from all this that surface tension has nothing to do with 
Cell division. If, as Brailsford Robertson holds, surface tension is lowered in the 
piano of division, then the internal streaming movement of the cytoplasm of each 
half of the cell should be towards that plane, and, in consequence, not separation 
but fusion of the two halves would result. Tl* 3 lipoids and soaps would indeed 
spread superficially on the two parts from the equatorial plane towards the two 
poles, and, according to the Gibbs-Thomson principle, they would not distribute 
themselves through the cytoplasm in the plane of division, except as a result of tho 
formation of a septum in that plane. In other words, the septum has first to 
exist in order to allow the soaps and lipoids to distribute themselves in a 
streaming movement over its two faces. In Brailsford Robertson’s experiment 
this septum is provided in the thread. If, on the other hand, surface tension is 
higher about the nucleus in and immediately adjacent to the future plane of 
division, then constriction of the nucleus in that plane will take place accom- 
panied or preceded by an internal streaming movement in each half towards its 
pole and a consequent traction effect on the chromosomes which are thus removed 
from the equatorial plane. When nuclear division is complete then a higher 
surface tension on the cell itself limited to the plane of division would bring 
about there a separation of the two halves, a consequent condensation on each 
side of that plane of the substances producing the low tension elsewhere, and 
thereby also the formation of the two membranes in that plane. 

In support of this explanation of the action of surface tension as a factor in 
division I have endeavoured to ascertain if, as a result of the Gibbs-Thomson 
principle, there is a condensation of potassium salts in the cytoplasm at the poles 
of a dividing cell, that is, where surface tension, arreording to my view, is low. 
The difficulty one meets hero is that, in the higher plant forms, cells preparing 
to divide appear to be much less rich in potassium than those in the ‘ resting ’ 
stage, and under this condition it is not easy to get unambiguous results, while in 
animal cells potassium may even in the resting cell be very minute in quantity, as, 
for example, in VorticellOf in which, apart from the contractile stalk, it is limited 
to one or two minute flecks in the cytoplasm. Instances of potassium-holding 
cells undergoing division are, however, found* in the spermatogonia of higher 
vertebrates (rabbit, guinea-pig), and in these the potassium is gathered in tho 
form of a minute, and thin caplike layers at each pole of the dividing cell. 

This of itself would appear to show that surface tension is lees in the neigh- 
bourhood of the poles than at the equator of the dividing cell, but 1 am not 
inclined to regard the fact asi conclusive, and a very large number of observa- 
tions to that end must be made before certainty can be attained. 1 am, 
nevertheless, convinced that it is only in this way that we can finally determine 
whether differences of surface t'^nsion in dividing cells acco’mt, as 1 believe 
they do, lOr all the phenomena of cell division. The difficulties to fefc encoun- 
tered in such an investigation are, as experience has shown me, much greater 
thfin are to be overcome in efforts to study surface tension in cells under other 
conditions, but I am in hopes that what I am now advancing will influence a 
ntimber of workers to take up research in microchemistry along this line. 

I must now discuss surface tension in nerve cells and nerve fibres. I haVe 
stated earlier in this address that I hold that the force concerned in the pro- 
duction of the nerve impulse by the nerve cell is surface tensibn. The very fact 
that in the repair of a divided nerve fibre the renewal of the peripheral portion 
of the axon* occurs through a movement— a flowing outward, as it were-^f the 
soft colloid material from the central portion of the divided fibre is, in itself, 
p. strong indication that surface tension is low here and high on the cell body 
itself. This fact does not stand alone. I pointed out six years ago that potas- 
sium salt is abundant along the course of the axon and apparently on its exterior 
surface, while it is present but in traces in the nerve cell itself. In the latter 
chlorides also are present only in traces, and therefore sodium, if present, is 
there in more minute quantities, while haloid chlorine is abundant in the axon. 
Macdonald has also made observations as to the occurrence of potassium along 
the course of the axon, and has in the main confirmed mine. We differ only 
as to mode of the distribution of the element in the axon, and the manner in which 
it is held in the subetance of the latter; but, whichever of the two views may 
be correct, it does not affect what I am now advancing. Extensive condensation 
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or adaorpidon of potassium salts in or along the course of the aitofl, villle the 
nerve cell itself is very largely free from them, can have but one explanation on 
the basis of the Gibbs-Thomson principle, and that explanation is that surface 
letisioiv on the nerve cell itself must be high while it is low on or in its axon. 

The conclusions that follow from this are not far to seek. We know that an 
electrical displacement or disturbance of ever so slight a character occurring at 
a point on the surface of a drop lowers correspondingly the surface tension at 
that point. \Vhat a nerve impulse fundamentally involves we are not certain, 
but we do know that it is always accompanied by, if not constituted of, a change 
of electrical potential, which is as rapidly transmitted as is the impulse. When 
this change of potential is transmitted along an axon through its synaptic ter- 
minals to another nerve cell, the surface tension of the latter must be lowered 
to a degree corresponding to the magnitude of the electrical disturbance pro- 
duced, and, in consequence, a slight displacement of the potassium ions^ would 
occur at each point in succession along the course of its axon. This displace- 
ment of the ions as it proceeded would produce a change of electrical potential, 
and thus account for the current of action. The displacement of the ions in the 
axon would last as long as the alteration of surface tension which gave rise to it, 
and this would comprehend not more than a very minute fraction of a second. 
Consequently, many such variations in the surface tension of the body of the 
nerve cell would occur in a second ; and, as the physical change concerned would 
involve only the yery surface layer of the cell, a minimum of fatigue would result 
in the coll, while little or none would develop in the axon. 

It may be pointed out that in medullated nerve hbi^es the lipoid-holding 
sheath, in close contact as it is with the axon, must of necessity maintain on 
the course of the latter a surface tension low as compared with that on the nerve 
coll itself, which, as the synaptic relations of other nerve cells with it postulate, 
is not closely invested with an enveloping membrane. In non-medullated nerve 
fibres the simple enveloping sheath may function in the same manner, and 
probably, if it is not rich in lipoid material, in a less marked degree. 

What further is involved iir all this, what other conclusions follow from 
these observations, I must leave unexplained. It suflices that I have indicated 
the main points of the subject, the philosophical significance of which will appear 
to those who will pursue it beyond the point where I leave it. 

In bringing this address to a close I am well aware of the fact that my 
treatment of the subjects discussed has not becn,as adequate as their character 
would warrant. The position which I occupy imposes limits, and there enters 
also the personal factor to account in part for the failure to achieve the result 
at which I aime^. But there is, besides, the,ddea that in applying the laws of 
surface tension in the explanation of vital phenomena I am proceeding along a 
path into the unknown which has been as yet only in a most general way 
marked out by pioneer investigators, and in consequence, to avoid nustakes, I 
have been constrained to exercise caution, and to repress the desire to make larger 
ventures from the imperfectly beaten main road. Perhaps, after all, I may 
have fallen into error, and I must therefore be prepared to recall or to revise 
some of the views which I have advanced here, should they ultimately be found 
wanting. That, however, as I reassure myself, is the true attitude to take. It 
is a far cry tp certainty.* As Duclaux has aptly put it, the reason why Science 
advances is that it is never sure of anything. Thus I justify my effort of to-day. 

Notwithstanding this inadequate treatment of the subject of surface tension 
in relation td cellular processes, I hope I have made it in some measure clear that 
the same force which shapes the raindrop or the molten mass of a planet is an 
all-important factor in the causation of vital phenomena. Some of the latter 
may not thereby be explained. Wo do not as yet know all that is concerned in 
the physical state of solutions. The fact, ascertained by Bona and Michaelis, 
that certain sugars, which neither lower nor appreciably raise surface tension 
in their solutions, condense or are adsorbed on the surface of a solution system, 
is an indication that there are at least some problems with a bearing on vital 
phenomena yet to solve. Nevertheless, what we have gained from our knowledge 
of the laws of surface tension constitutes a distinct step in advance, and a more 
extended application of tlfe Gibbs-Thonison principle may throw light on the 
causation of other vital phenomena. To that end a greatly devdopea science of 
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microciieiniatry is necespary. This should supply the stimulus to Enthusiasm in 
the search for reactions that will enable us to locate with great precision in the 
living cell the constituents, inorganic and organic, which affect its physical state 
and thereby influence its activity. 
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The following Reports were then read 

1, Report on Anwsthettcs.-^cc Reports, p. 2G8, 


2. Report on the Ducitese Glands.^ScQ Reports, p. 267. 


3» Report on the Occupation of a Table at the Zoological Station, Naples. 
See Reports, p» 165* 


4. Report on Rlectrofnotive Phenomena in See Reports, p. 281. 


6. Report on the RissocicMon of Ooty-IIwmoghlnn at High Altitudes. 
See Reports, p. 280. 

6. Report on the Rffect of Climate upon Health and Disease. 

See Reports, p* 290* 


PRtDAt, % 

The following Paperb snd Reports were road 

1. Discussion on Compitssed Ait tllnOsS. 

Opening Remafice %*L£onAbd lltLt, if.B.y F.R.8. 

Air dissolves in the body, according to Henry’s law. The cause of the illness 
is the escape of nitrogen bubbles in the blood. Oxygen chemically combines with 
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the tissues, and doeS no6 contribute to the illness. The prevention is the affdnge* 
ment of the decompression period, so that the nitrogen dissolved in the body can 
escape through the lungs without the formation of bubblhs in the blood. 

The blood is the carrier by which the tissues are saturated and desaturated 
with nitrogen. It is assumed tl^t the blood is instantly saturated and desatu- 
rated on passing through the lungs. The Admiralty tables of stage decompres- 
sion are based on this assumption. 

Experiments by F. J. Twort, H. B. Walker, and the writer show that this is 
incorrect. The subject stays an hour at -|-45 lb. Free diuresis is established 
by drinking water. The bladder is emptied every seven minutes, after decom- 
pression in five minutes from 4-45 lb. to -}-15 lb. Analyses of the urine show 
equilibrium of the nitrogen after about fourteen minutes. It follows that the 
arterial blood is only desaturated in about that time. 

The Admiralty tables and those of Mr. Japp (East River Tunnels, New York) 
aro based on the supposition that the blood circulates about once a minute ; on the 
relative mass of blood and tissues ; on the relative solubility of nitrogen in blood 
and tissues ; and on the supposition that * quick ’ parts half saturate in about five 
minutes and ‘ slow * parts in seventy-five minutes. 

The great difference between the circulation and pulmonary ventilation in 
states of rest and hard work has not been taken into account. The circulation 
may be six and even ten times faster during work. This upsets all calculations 
based on * quick * and * slow * parts. Saturation and desaturation are not at the 
same rate if carried out in the one case resting and in the other working. The 
decompression period can be shortened by making men work during it. 

F. J. Twort and the writer have worked out the solubility of nitrogen in fat 
at -1-90 lb., and find Vernon’s figures for 1 atm. almost hold good for 7 atm. 
Fat dissolves more than five times as much oxygen and nitrogen as water. These 
experiments confirming those of Greenwood and the writer on heavy and light 
rats, and these of Boycott and Damant on fatter and leaner guinea-pigs, show 
that fat men are unsuitable for compressed-air woric. 

It has been established by human experience that short exposures to high 
pressures are free from risk. 

The Admiralty Committee, therefore, lays great stress on the danger of satura- 
tion of ‘slow* parts, and says the danger increases with the length of shift. 
While the effect of work may turn a ‘slow* into a ‘quick* part, the effect of 
fatigue in long shifts complicates the problem. The writer regards the time 
required for saturation and desaturation of the blqod and abdominal organs, such 
as the liver, as particularly the danger time. 

Neither the tables of the goat experiments of Boycott, Damant, and Haldane, 
nor the tables of Keays concerning the 557,pOO man-shifts at the East River 
Tunnels, ^ive conclusive evidence that shifts of three hours are more Mangerous 
than one and a half, or eight than three. 

The variations in percentage of cases, oven when ctilculated from groups of 
3,000 to 4,000 man-shifts, are very large, e.g., eight-hours* shift 0*43 per cent. 
May 1907, and 0*94 per cent. January 1907. Chance plays a very big role. 
The first three-hour shift gave 0’35 per cent. cases,oand nine fatal or dangerous, in 
about 43,600 man-shifts; the second three-hour shift (after three hours’ intervall 
gave 0*72 per cent, cases, and four dangerous or fatal, in the came number of man- 
shifts. The sum of caset for the six hours is 1*07 per cent. The percentage in 
10,700 man-shifts of eight hours is 0*62. Two three-hour shifts with’k three-hour 
interval appears, then, to be almost doubly as risky as one eight-hour shift, 
because it doubles the decompressions. The percentage of illness was 0 66, and 
death 0*0035, in 657,000 man-shifts, with a decompression rate of fifteen minutes 
from 4-29 to -f-33 lb. 

Of the 3,692 cases among 10,000 men 89 per cent, were bends, 6 per cent, 
vertigo = about 96 per cent, non-dangerous ; 1*26 per cent, pain and prostration, 
2*16 per cent, paralysis, 1*62 per cent, dyspnoea, 0*46 per cent, collapse = about 
5 per cent, dangerous. 

The compression relieved 90 per cent., and of the rest all except 0*6 per cent, 
were partly relieved. The Admiralty table ordains a rate of 42 to 52 minutes 
stage decompression for -I- 29 to 4-33 lb. The writer does not expect engineers to 
accept the Admiralty peridd in the face of the above figures. Eight thousand 
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five huhdMd man shifts were decompressed from +40 lb. in 4fi minutes, with 
1'62 per cent, cases and no serious ones. The method was (1) +40 to +29 lb. in 
five minutes; (2) ten minutes’ walking in +29 lb.; (3) +29 to +12*5 lb. in 
eight minutes; (4) ten minutes* walking in +]2*fi lb.; (6) +12 6 to +0 in fifteen 
minutes. The Admiralty table ordains 92 minutes for this pressure. About 
half this time evidently is enough. 

* Slow * parts produce bends which do not matter : they can be relieved by 
recompression. 

Statistics of the results of * uniform stage ’ decompresbion obtained on goats by 
Boycott, Damant, and Haldane; on guiiiea<pigB *by Boycott and Damant; on 
rabbits, pigs, and goats by the writer and Greenwood, taken together, afford no 
convincing evidence of the superiority of either method. The pig is a better 
animal to compare with man than a goat. The fermentation of gas in the gout’s 
stomach complicates the problem. Comparable pig figures show 4 severe or fatal 
cases in 20 uniform, 9 in 32 stage, 9 in 44 modified uniform (decompression rate 
slowing as pressure falls). The time of decompression was 90 to 110 minutes, 
the pressure +76 lb. Decompression in 37 to 46 minutes killed 4 out of 4 by 
stage; 4 out of 8 (and 3 severe cases) by uniform. These were small pigs, 
weighing 33^ lb. to 49 lb. F. J. Twort and the writer have determined the 
desaturation of water when decompressed from +90 to +20 lb. in 10 minutes ; 
and either (1) left quiet, (2) shaken, (3) gently oscillated, the gas comes off 
without bubbling in 1 and 3. In the case of oil there is a slow steady formation 
of small bubbles (0*1 to 0*3 mm. in diameter). The unstudied conditions which 
control bubble formation in supersaturated solutions are of the first importance. 

' Delayed ’ illness and varying susceptibility depend on these influences. 

The varying percentage of fat in blood, chyle, liver, and the gaseous contents 
of the guts are factors. Jll-hcalth, a debauch, rich feeding modify these condi- 
tions. (Fat, 3 to 11 per cent, in chyle, in liver 2 to 3*6 per cjnt. in richly fed, 
19 to 24 per cent, in fatty infiltration.) 

Experiments by M. Greenwood and the writer show that it is fairly safe to 
decompress pigs and goats from +76 to +18 lb. in 10 minutes, and from 
+18 to +0 in 20 minutes, after an interval of 80 to 100 minutes. 

One death and no severe case resulted in 47 pigs weighing 50 to 100 lb. ; 
1 severe, 3 slight cases in 19 goats weighing 39 to 57 lb. To these may be added 
4 pigs (56 to 100 lb.) safely decompressed from +60 lb. Decompression from 
+90 to +20 lb., followed by an interval of 105 to 120 minutes, gave unfavourable 
results in fat pigs weighing 81 to 115 lb. — ^viz., 7 deaths and 1 severe case in 
27 pigs. The deaths occurred in the pigs which had the shortest interval, 105 to 
110 minutes. Two of these deaths and the severe case were du*^; to the pump 
stopping at -4-20 and the chamber rapidly leaking out. ^ 

Only one pig out of all showed symptoms at +20 lb. The pigs lie asleep and 
do not move. Six goats compressed after a big feed were all taken with 
great gaseous distension of the stomach at +20 lb. 

By extending the interval to 140 to 150 minutes three goats (on a spare diet) 
were decompressed successfully t’me after time after exposure to +90 11). for 
three to four hours. An interval of 30 to 50 minutes at +15 lb. proved safe for 
12 goats and 1 pig (96 lb.), after compression to +60 lb. 

Experiments by H. B. Walker, F. J. Twort, and the writer shovf that the 
breathing of oxygen for a few minutes at +15 lb. washes the excess of nitrogen 
out of the urine (and blood) quickly, while only a little oxygen passes into the 
urine. It is safe to breathe oxygen for some minutes at +15 lb., but inadvisable 
to breathe it at higher pressures because of the toxic effects of high pressures of 
oxygen. 

Experiments of M. Greenwood and the writer show that a partial pressure of 
CO, up to 1 to 2 per cent. atm. is of no iiif|>ortance. Hot, moist atmospheres are 
exhausting. Many of the pig experiments were conducted with 4 to 5 per cent, 
atm. COa in the chamber, and this was unfavourable, as the partial pressure fell 
on decompression, and lessened the pulmonary ventilation. Ventilation should be 
reduced in the lock. The cooling effect of decompression should be prevented, 
for it constricts the cutaneous vessels^ , 

M, Greenwood and the writer were safely decompressed from +75 lb. by 
the uniform method — about 20 minutes per atm., four experiments. They were 
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actaally foi* liboat 30 minutes above +60 lb., and virtually ekposed 

about 60 minutefli From +60 lb. they were safely decompressed, 6ix experiments. 

M. Greenwood was once decompressed safely from +92 lb. in 2 hours 17 
minutes, after actual exposure above +76 lb. for about 30 minutes, and virtual 
exposure fd( about 56 minutes. • . 

Hersent safely decompressed men after exposures of one nour in 
26 minutes from +2^ atm. ; in 46 minutes from +3 atm. j in 60 minutes from 
+3i atm. ; in 77 minutes from +4 atm. ; in 100 minutes from +4i atm. ; in 
150 minutes from +5 atm. ; in 183 minutes from +5i atm. Hersent safely used 
n method which is theoretically the worst — viz., +5 to +4 atm. in 46 minutes; 
+4 to +3 ii 35; +3 to +2 in 30; +2 to +1 in 20, +1 to +0 in 15. 

Damant and Catto were safely decompressed several times after short ex- 
^ poBures by the stage method of the Admiralty Committee, e.< 7 ., in 51 minutes, 
* after 12 minutes, at +80 lb.; in 90 minutes, after 29 minutes, at +80 lb.; in 
50 minutes, after 6 minutes, at +93^ lb. 

These few high-pressure observations on men show that the stage method 
can be used safely after short exposures. The experience of divers has 
proved that a short uniform decompression in 20 minutes or less can be safely 
borne after exposure of not more than 15 to 20 minutes to +60 to +73 lb. — c.j/., 
Erostabe, Lambert. Much depends on the individual. They do not prove the 
far greater risli of the uniform method as claimed by the Admiralty Committee. 

Conclusion , — One stage at +15 lb. would suffice for caisson workers up to 
+50 lb. FiXercise and oxygen can be used to shorten the pause at +16 lb. A 
pause of 15 minutes at +10 lb. for +30 lb., and of 30 minutes at +15 lb. for 
+45 lb. would probably suffice, so long as a medical lock for recompression is at 
baud. 


2. The Cause of the Treppe. By Professor Frederic S. Lee. 

When the irritability of the excised muscle, as indicated by the threshold of 
stimulation, is determined at intervalili throughout the course of the treppe it 
is found progressively to increase. Moreover^ the irritability of muscle, as 
indicated by the threshold of slimulation, is increased by small quantities of 
fatigue substances, such as carbon dioxide and*' lactic acid. Under the Influence 
of these same substances, also in small quantities, a muscle is able to perform 
greater contractions than before. It is, therefore, believed that the treppe 
represjints iiK-reased irritability and actually increased working power, due 
to the action of small quantities of fatigue substances, among v^ich may be 
included carbon dioxide, lactic acid, and possibly other compounds. The' treppe 
is the physical expression of augmented vital processes. 

According to Frohlich, on the other hand, the augmentation of working power 
is not real, but only apparent. Fatigue begins with the commencement of the 
series of contractions. It is manifested by a sloping of relaxation, a diminution in 
the extent of contraction of the muscle elements, and a diminution in irritability. 
The experimental results of the present author do not support Frohlich’s theory. 


3. The Summation of SitmuU, 

By Professor Frederic S. Lee and Dr. M. Mor^E. 

Professor Lee has found that muscle, when under tile inHu^iice of small 
quantities of fatigue substances, such as carbon dioxide and lactic acid, and 
stimulated maximally, is able to perforin greater contractions than before, lie 
has explained the treppe as the physical expression of augmented vital processes, 
which are represented by increased irritability and increased Working power, 
due to the action of small quantities of faflgue substances. This theory u now 
extended to the phenomenon of summation of stimuli. During the action of 
sub-minimal stimuli the irritability of muscle increases. Moreover, whSi a 
myt TOTder the influence of small quantities of carbon dioxide or lactic 
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acid iis irritability is likewise increased, so that a previously ineffective Stimulus 
is able at once to elicit contractions. Qotschlich has demonstrated that muscle, 
when sub-minihidly stimulated for a period, becomes acid in reaction. It is, 
therefore, believed that the phenomenon of summation of stimuli is not funda- 
mentalijr different from the treppe, and is due to the augmenting action of small 
quantities of fatigue substances. 


4. In-fluence of Intensity of Stimulus on Reflex Re-sponse. 

By Professor C. S. Sherrington, F.R.S.y and Miss S. C. M. Sowton. 


5. Constant Current as an Excitant of Reflex Action. 

By Professor C. S. Sherrington, FJtS., and Miss S. G, M. Sowton, 


6. Some Experiments on the Effects of X-rays in Therapeutic Doses on the 
growing Brains of Rabbits. By Dr. Dawson Turner and Dr. T. 0. 
George. 

♦ 

The authors spoko of the great importance of the subject, as a full dose of 
a;-rays is frequently administered to children suffering from ringworm; attempt 
of the London County Council in March 1909 to make this treatment obligatory. 
Reference was made to experiments by Ib^camier and others which showed 
that the x-rays interfered with the growth of the bones and teeth. The question 
arose whether any change capable of being observed in the nervous system would 
be produced by a repetition of such doses of ar rays as are employed in the 
treatment of ringworm. The experiments of the authors were performed upon 
young rabbits. One-half of the head was exposed to and one-half protected 
from an ordinary x-ray dose. This dose was repeated three times, with an 
interval of a week between each dose. Of six rabbits chosen for the experiments 
only one survived for examinatidn, so that no corroboration could be obtained 
of the changes observed. The microscopic changes in the brain were slight 
and inconclusive, but there were some undeniable gross changes — e.g., the left 
or unexposed half of the brain was decidedly larger than the right or exposed 
half ; the iris, first on the left and then on the right side, had undergone fatty 
degeneration; all the animals had lost weight during the exposures. It would 
therefore seem highly desirable that further investigation of this subject should 
be made. 


7. The Combination of certain Poisons with Cardiac Muscle. 

By H. M. Vernon, M.A.i M.D. • 

*7 

Tortoiae hearts were perfused with oxygenated Ringer’s solution to which 
known amounts of certain poisons were added. When alcohol, ether and 
chloroform were used the contraction height of tho heart was depressed by a 
definite amount proportionate to the concehtration, and after about ten minutes’ 
poisoning the beats showed no further depression, though poisoning might be 
continued for another twenty minutes. ‘On substitution of fresh saline the 
heart quickly recovered its initial contraction height, at a rate independent of 
the concentration of the poison used. Also the rate of recovery was about the 
same for all the three poisons mentioned. Hj^rocyanid acid, at considerable 
dilutions, also depresses the cardiac contractions to a level proportionate to the 
concentration, but all strengthe from 0*00125 to 0*01 per cent. HCN produce almost 
the same effect ; or the effect is not proportionate to the concentration. Greater 
concentrations still depress the contractions further, but they permanently injure 
the heart. It is uncertain whether sodium fluoride acts tike HCN or like 
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alcohol) &Ci, but it has a special action, as it excites enormous oscillations of tonus 
in the heart muscle, 'when washed out by fresh saline. 

A heart once diminished in vitiility no longer roads in the same way, and a 
given concentration of poison produces a much more marked depression of 
contraction height, and the rate of recovery of the heart on washing out the 
poison is much slower. 

8. The Morphology and Nomenclature of the Blood Corpuscles* 

By Professor C. S. Minot. 


The Nutritive Eff^ts of Beef Extract. 

By Professor W. H. Thompson, M.D. 

(Preliminary Communication.) 

Five experiments were carried out in the School of Physiology, Trinity 
College, Dublin. Of these, two were preliminary, one performed by Captain M. 
Corry, the other by Mr. A. Chance. The remainder were carried out by 

the writer. Dogs were used in all. 

In the first of the series the animal was brought to constant weight on a 
diet of biscuit and lean meat. Beef extract (2^ grms.) was then substituted for 
doable its weight of dog biscuit, and the elTects observed fip: five days. This 
period was followed by one in which 5 grms. of the extract were given instead 
of the same weight of biscuit, and this by a final period in which 7i grms. 
of the extract replaced 5 grms. of dried dog biscuit. 

In the remaining four experiments the dogs wore brought to constant 
weight on a diet of dog biscuit alone. This first period was followed by other 
periods in which the extract in varying amount was added to the ration of 
biscuit. In Experiments IV. and V. the effects of the extract were further 
compared with those of boiled egg-white, added in varying quantities to the 
biscuit ration. All the experiments concluded with a period in which the diet 
of the first or preliminary period was again given. 

The following results are taken from Exps. III., IV., and V., all carried out 
in the same way and two of them on the same) animal. 


Table showing Effect on ijiie Animah' Weight, 


Exp. IV. ! Exp. V. j 

5140 K’ 5150 K 
< { {a) 5-230 „ ; 
* 5.185 „ J (b) 5-245 „ 

: I (c) 5-250 „ 

( No Egg ] Ha) r»*160 „ : r (a) 5-155 „ 

Period S (Bieouit + Egg White) ■{ white period |-„ -( (6) 6'170 „ ■{ (b) 6'166 „ , 

[ in Exp. 11I.J [ (c) 6-200 „ I [ (c) 6-175 „ 

Period ‘4 (Biscuit) 6-700 „ { ° ” 


It will be scon that in Period 2 a considerable increase of weight occurred, 
amounting in Exp. III. to 100 grms., in Exp. IV. to 45 grms., and in Exp. V. 
from 80 to 100 grms. The quantities of the extract given were, in Exps. III. 
and IV. 5 grms. per day, while in Exp. V. the amount was increased from 5 grms. 
in Period (a) to 6 grms. in Period (5), and 7 grms. in Period (c). The amounts 
of coagulated egg-white (obtaihed by boiling eggs six to eight minutes and 
stripping off the white) varied as follows <; In Exp. IV. the quantities per day 
were ^ grms. in (a), 40 grms. in (6), and 50 grms in (c). The corresponding 
quantities in Exp. V. were 30 grms. in {a), 60 grms. in (6), 70 grms. in (c). 


Period 1 (Biscuit) . 

Period 2 (Biscuit -f Extract) 


Exp. III. 
C-700 K 
C-hOO „ 
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The weight of dried organic solids given per day in the two forms of nitro« 
genous food — viz., the beef extract and the egg-white — was as follows : — 



Exp. III. 

Exp. IV. j 

" ■ j 

Exp. V. 

Beef Extract . . . . 1 

1*9811 grm. 

- ! 

1*9103 grm. !> 

((a) 1*9805 grm. 
(6) 2*3770 

! 

Egg White . . . . ’ 

1 

1 

r(a)2*8()8 „ j 
\ {h) 5*736 „ ! 

1(c) 2*7737 
((a) 4*302 „ 

{h) 7*170 „ 

i(c) 10*038 „ 

i 

! 

j Uc) 7-170 


Comparing this with the previous table, it will be seen that it required 
approximately four times as much organic nitrogenous food in the form of egg- 
white to give the same increase of weight as was given by the beef extract. 

The nitrogenous metabolism is shown in the Icllowing table : — 

Tahh showing Daily Intake and Output of Nitrogen (expressed in grammes) for 
corresponding Periods, 


! 

Food 

j ITrino 


F:eco8 


Exjicrimcnt III. 




Period 1 {Biscuit) . 

6*285 

4*0591 

1*1922 

Period 2 

/5*2850\ 

4*3766 

0*0746 


10*3143/ 

, 



Period 3 

5*2850 

1 4*1836 

1*2490 


Ex 2 )criment IV. 




Period 1 

4*530 

1 3*0805 


1 0*8149 

Period 2 

/ 4*530 \ 
10*2885/ 

j 3.1C58 


j 0*4788 



,/4-6300\ 
(“M 0-3700 1 

1 2-0740 


i 

Period 3 


4*5300 \ 
0*7510 1 

3*3198 

1 

1 

0*9194 

i 

; ./4-63001 
U'Ho-9390/ 

3-3626 


C' 


Experiment V. 



.* 

Period 1 

4*530 

3*2354 


1*0120 


r, ./ 4*5300 1 
0*3134* 

(a) 3*3221 ' 



Period 2 1 *■ 

,.)r4-630C^ 

'*Ho-3761/ 

(h) 3*6836 

- 

0*7329 

i 


(c) 3*6608^ 


• 

: 1 


(a) 3*5399' 

1 


Period 3 


,../4-6300\ 

0-9395/ 

(6) 3*7776 

- 

0*6364 

I 

1 

1 1-3163; 

(c) 4*0296^ 




N.B. — ^In the food column of the above table, the bracketed numbers indicate 
the nitrogen of the biscuit and of the extract resj^ectively. 

It will be seen in Exps. IV. adtl V. that a deficit of nitrogen exists, if the 
intake in Period 2 be compared with the output in urine and faeces. The quantity 
thus available for retention in the body amounted in Exp. IV. to 60 per cent. 
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and in Exp. V. to 15 per cent, of the extract nitrogen given. Further, on 
examining the nitrogen of the fseces, it will be seen that in all cases the effect 
of the extract was to lessen the amount excreted, and therefore to increase 
the assimilation of the biscuit food. 

As regards the form in whi(* the extra nitrogen was excreted in the urine 
during the periods of feeding with beef extract and egg-white, it was found that 
proportionately less appeared as urea and more as kreatinin and kreatin in the 
former than in the latter. The egg-white did not increaee the total kreatinin 
or kreatin, on the contrary seemed to reduce the amount of these substances 
in the urine. 

In Exp. V., Period 1 (biscuit), the urinary nitrogen contained 73*57 of urea 
and 3.87 per cent, of kreatinin. In Period 2 (extract), the corresponding amounts 
were 72*32 per cent, and 4*7 per cent, respectively ; while in Period 3 (egg-white) 
the urinary nitrogen contained 74*22 per cent, of urea and 3*1 per cent, kreatinin. 

The general conclusions seem to bo that the beef extract used has both a 
direct and an indirect nutritive value, apart from any effect it may have as a 
vascular stimulant. The former leads to relatively large increase of weight in 
proportion to the amount of foodstuff given. The latter is manifested by a fuller 
utilisation of the other food constituents to which the extract is added, and is in 
accordance with Pavlov’s observations to the effect that meat extracts promote 
an increased flow of active digestive juices. The experiments were undertaken at 
the request of the medical commissioner of the Local Government Board in 
Ireland with the object of ascertaining whether the extract in question had any 
nutritive value or not. 

P.S. — It was made known to the Section that in the experiments a com- 
mercial extract was used, but as the proceedings of the British Association 
mootings appear in the Press next day, it was considered necessary to withhold 
the name until the results were communicated to some other scientific society 
and published elsewhere. There can bo no harm in adding now that the 
extract of beef used was that known as *Bovril.’ The samples Were bought on 
the market as required and were found on analysis to be very uniform in com- 
position. — ^December 6, 1910. 


10. The Conditions necessary for Tetanus of the HearL By John Tait, M.J9. 

11. Neurogenic Origin of Normal Heart Stimulus, By John Tait, 

t ~ i 

12. Report on Body Metabolism in Cancer , — See p. 297. 

13. Report o:i Mental and Muscular Fatigue , — See p. 292. 

14. Demo.istration of Calorimeter, By Professor J. S. Macdonald, B,A, 


MONDAY, SEPTEMBER 5. 

Joint Discussion with Sections B and K on the Biochemistry of 
Respiration, 

(i) Problems of the Biochemistry of Respiration in Plants, 

By Dr. P. P. Blackman, F,R,8, 

As an introduction to this conjoint meeting, a sketch may be given of the 
main problems of the biochemistry of respiration in plants. 
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Were a complete exposition of this subject pof^< jlo it would include three 
main sections : (1) What is the nature of the cheirical reaction or complex of 
reactions that constitutes respiration? (2) To what extent can this reaction in 
the cell be shown to conform to the laws pf genera} chemistry, in the matter of 
reaction velocity, temperature-coefficients,^ m^ss^pWeacting substances, influence 
of katalysts and foreign substances ? (3} What is the influence upon the progress 
of the reaction of the pecidiar medium, protoplasm, in which it takes place ? 

(1) A summary statement of ' respiration takes the form of the equation for 
the complete oxidation of glucose. From this simple equation physiologists 
have been driven to make continually more and more complicated pictures of 
what actually happens intermediately in respiration. 

The first 'CompUcalion was ihtrodvired by the discovery oi ‘ anaerobic* respira- 
tion and the separation of oxidation-processes from anaerobic splitting of 
glucose. This raises, the questions : What ore these splitting products ; do they 
form the first stage of normal respiration, and are the end products of splitting 
(such as alcohol) the bodies oxidised ^or are less stable precursors of alcohol 
oxidised in presence of air? 

The second complication arises in connection with oxidation. None of the 
probable substances formed by splitting oxidise spontaneously to CO, and HjO. 
Some special chemical machinery is neededT to explain the oxidation. The 
simplest chemical oxidation is now regarded as a complex phenomenon, still 
more so oxidation in the cell. Oxidative agents arc generally present, some of 
which may be true enzymes — oxidases — and others only carrierj^ of oxygen; but 
there is the difficulty that aliphatic compounds are but little attacked by them, 
and the oxidation seems never to be complete. 

Palladin’s fheory of respiratory chromogens maintains that these chromogens, 
which are aromatic substances, are oxidised by oxidases and then act as carriers 
of oxygen to the splitting products of glucose. 

(2) The physical chemistry of the respiration reaction, (a) Influence of 
temperature. (If) Influence of concentration of the reacting substances, oxygen, 
protoplasmic catalyst, and sugar. An account of the writer’s experiments on 
starvation and nutrition of leaves, the respiration of starchy and sweet potatoes. 
Hypothesis that normal respiration consists of two processes, a small * proto- 
plasmic ’ respiration, which cannot be suppressed without death, and a larger 
* floating * respiration, which fluctuates with the sugar supply and can be 
abolished by starvation, (c) The effect of chemical * stimuli ' upon respiration. 
These act in several different ways which are of considerable theoretical interest. 

« (3) Protoplasm may bo regarded as a honeycomb structure of colloidal semi- 
permeable septa. A medium of this nature introduces complications not found 
in reactions in vitro. ^ 

Alterations of internal permeability may affect the spatial sopafation of 
interacting substances and so change the magnitude of respiration and other 
processes. 

The work of Lepeschkin has shown that variations of protoplasmic permea- 
bility, produced naturally by light and other causes, also by chloroform, etc., 
are important factors in cellular physiology. 

The relation of respiration to the break-down of the specific organisation of 
protoplasm, as illustrated by long-continued starvation experiments with leaves. 

. (ii) The Biochemistry of Respiration. By Dr. II. M. Vernon. 

Living tissues contain oxygenases, or substances which absorb molecular 
oxygon, bind it up to form peroxides, and so render it more active. They also 
contain peroxidases, or activators, which neatly increase the oxidising power 
of the oxygenases. Many, or perhaps all, the tissue constituents can be oxidised 
by means of these ferments acting together. Thus Fenton in 1894 showed that 
in the presence of an activator such as FeS 04 , could easily oxidise 
tartaric acid; and Dakin has recently shown that it can oxidise amino acids, 
as R.CH .NH, .COOH to NH,-f-CO,-fR .CHO. The aldehyde is then further 
oxidised, and is ultimately converted into CO.-fH^O. All fatty acids from 
formic to stearic can undergo this oxidation. Carbohydrates can be similarly 
oxidised. Tissue respiration seems to bo dependent on enzyme action, as it 
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if not alU^fgftbcr atoMdin an orgah as ih^ matnmhn&n kidney by pre- 
iiousJIyiMatiag it, ter db^, pr by prolonged action of 1 per cent 

NaF. 4 aotmg id ^ribeqce orgoroxi^aee8,^t:anlikewisejin some cases liberate 
CO„ b«t nor <ieiiaite ef yet been obtained of such oxidation by 

oxygenU^j^peroxidase, pAbSoly bqpibse oxygep^ses are so unstable as to be 
destroyed ‘^ery soon -after* if* tfeftue is d^ntegfa^ed. ^ 

The exisl^co of aldehyde^ glfoupiites in li^ng jUssaed ^s supported by the 
fact that if an organ sveh as t!he kmne^ is^peisonfd't with HCN^ NaF, or 
?,aeeo\ie metaholism is temjijfcarityn^wejrclir t(va third the normal, 

V>v\. <sw \»«t\\VKV«tv V\\\v «cAm\oTV. 1hi Wvo* TeapATAtoTy \><ywe\s 

of unpoisoncd kidneys. Now these pOil^rTS asne known \j©*iapa\)\o ol ToTining 
loose additive compounds with dldehyc^^, 8pl other poisons, vlliich form no 
such compounds, permanently deprell^ the,^dlseous metabolism. 

Probabl’ there is more than one. grade of oj^dising fower by the tir&ucs 
(p.ff., oxygenase only, and oxygenase -^-perfixidase). Thus, if tj^c vitaliiy of the 
tissues is depressed by the continued action of woak acids Jfnd alkalis, their 
COj-forming power is much more affected than their oxygen-abtorbing power, 
and the respiratory quotient^pfalls to 0*4. The same condition is produceil 
(piickly by poisoning with formaldehyde. Probably these poiapns destroy the 
tissue peroxidase more rapidly than the oxygenase. 

Doubtless other disintegrating mechanisms exist in the tissues *which assist 
the oxidation processes. It is found, for instance, that the intermediate products 
of action of z/mase on glucose can be oxidised in ])art to (JOj+HaO by tho 
action of HjOj+a peroxidase, whilst pure glucose cannot. 

(iii) Oxydases. By E. Frankland Armstrong, PA.Z>., D.Sc. 

Opinions are at present divided whether tho oxydases are to be regarded as 
enzymes or as inorganic catalysts in a colloidal substrate. 

Oxydase extracts can bo subjected to far more drastic methods of purifica- 
tion than hydrolytic enzymes without destroying their activity. They in- 
variably contain small traces of inorganic substances, generally manganese, 
iron, and calcium salts, and careful purification fails to remove these, though 
the amount of manganese bears no relation to the activity of the preparation. 
Their behaviour can be imitated by colloidal suspensions of some inorganic 
salts. They are far loss selective in their actii^n than tho hydrolytic enzymes, 
tyrosinase, for example, acting on d-, 1-, and dl-tyrosino apparently with equal 
ease, and also acting on substituted tyrosine compounds so long as they contain 
the phenolic hj Jroxyl group intact. 

Euler’s recent obrervation that laecase from Metlicaqo sativa caii be purified 
till it consists of a mixture of the calcium salts of polybasic hydroxy acids such 
as citric, malic, and meFoxjilie acids is of groat interest. 

On the other hand, Bach takes the view that the inorganic salts are not an 
integral part of oxydases, and do not constitute their active principle. Their 
influence is analogous to that of ferious sulphate on peroxides ; the salts are 
only enabled to act because the oxydase has formed a peroxide. There is con- 
siderable evidence of the specific nature of oxydases and of the existence of 
different oxydases, c.j;., tyrosinase, laceaso. Moreover, much of the evidence 
on the biological side is in favour of regarding the oxydases as enzymes, for 
example, that detailed in the following note. 

(iv) The Stimulation of Oxydases and DegcneraJtive Enzymes in the Plant. 
By E. Franklanb Armstrong, Ph.D., D.Sc. 

The leaves of the Anruha japonita go a remarkable black colour when ex- 
posed to the vapour of toluene, chloroform, ether, ethylacetate, alcohol, and 
many other organic substances. A detailed investigation has shown that certain 
inorganic salts in aqueous solution, such as cadmium iodide, merruric chloride, 
sodium and potassium fluoride, ammonia, ,but not alkalies, and some organic 
acids, in particular benzoic and tiie higher homologues of acetic acid, produce 
the blackening, all tho simple inorganic salts being ineffective. 

The active substances are characterised by their possessing very little 
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&ffinity for water, aild it is susg^ted they are /tJiQpefore *aj>le ia.peiieirato 
the differential septa the cell and d!s^rh'tli^*a|mot^c codditioiif in the cell. 
Equilibrium is upeet^nd hydMiy^is takes placel^thp^ hydrolytic enzymdb become 
functional, and a geneiral^dogradayon sets in. jDne outward manifestiU/ion of the 
degradation is the bla^epin^ generally attributed to oxidative changes. Another 
is the hydrolysis of giu^idebteaent, which, ib^the cai^ of the cherry laurel leaf, 
can be observed by.detccti^ Uie hyjjra^ft oyanide formed. A third is the great 
\i\cTeaac iKv.lYv^'e.mbxvsai '^TQiyeptv\* \n l\ve \eai. 

(v)*’5w 3>. TjioDAy. 

A small dose of chloroform prodiiices a temporary increase in both the 
intake of oxygen and the evolution "of CO^. A large dose is immediately or 
ultimately fatal, 'and depresses the evolutipn of CO, at once. At the same time 
in TropoRolvm the intake of O, is still more depressed, but in HeliantJius and 
cherry laurel, with the darkening of the leaf there is a* greatly increased intake 
of oxygen. The oxidation of tannins thus indicated, together with the hydrolysis 
of the cyanogenetic glucoside of cherry laurel, are made possible by an increase 
of permeability, which partially upsets the organisation of the cells, but does not 
immediately projduce death. A similar but smaller increase of permeability may 
account for the stimulation produced by smaller doses. * 


TUESDAY, SEPTEMBER 6. 


The following Papers were read : — 


1. The Origin of the Inorganic Composition of the Blood Plasma^ 

By Professor A. B. Macallum, F,R,S. 

Analyses of inorganic composition of the blood serum in the dogfish (Acanthiae 
vulgaris), the cod {Gadus callarj^s), and the pollock (Pollacliiue virens) have given 
results which show that the ratios of the potassium, calcium, and magnesium to the 
sodium are on the whole those which obtain in the blood of mammals as deter- 
mined in Abdcrhaldcn’s and Bunge’j^ analyses. These with those of the sea water 
arc .* 


Dogfish . 

Pollock . • 

Cod . . . . 
Mammal (average) 
Ocean 



Na 

K 

Ca 

Mg 

100 

4-61 

2*71 

2*40 

100 

4*33 

3*10 

1*40 

100 

0*50 

3*93 

1*41 

100 

6*69 

2*68 

0*80 

100 

3*61 

3*91 

12*0 


The amount of potassium in tha^blood serum of the cod as shown^is high, but 
the excess is*^'probably due to some laking of the red corpuscles, as, in spite of 
the care taken in the preparation of it, the serum was slightly tinged with 
hoemoglobin. Variations in the calcium are due to the different amounts absorbed 
and retained by the fibrin in its formation and subsequent shrinkage, but these 
are not marked. The only difference of note is in the magnesium, which in the 
dogfish is three times what it is in the mammal, but only one-fifth w^hat it is in 
sea water, while in the cod and pollock it is midway in amount between the ratios 
found in the mammal and the dogfish. 

These ratios seem to indicate that they are slight modifications of the ratios 
which prevailed in the blood scrum of the ancestors of vertebrates. The high 
proportion of magnesium in the dogfish, the cod, and pollock may be explained 
as due to the action of the se9 water, which is rich in this element, for 
Elasmobranchs have always been oceanic, t.e., since their origpn in the Silurian 
at the latest, and the Gadidaa (cod and pollock) have been resident in the ocean 
since the origin of TelecfSts from a Ganoid form in the Cretaceous. This long 
association with the sea has given 1*77 per cent, of total salts in the dogfish and 

2, V) 
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1'28 per cent, in the cod and pollock, while in the mammal the total salts are iR 
the neighbourhood of 0*90 per cef t. . ■. r i. i u * 

Analyses of the blood in the king crab {TAmiilus polyjihemus) and of the lobster 
{Homarus Americanus) gave in total salts 2*982 and 2*852 per cent, respectively, 
which are approximately the concentrations of the sea waters of their habitat. 
The ratios of the elements as found were : — w 




Nh 

K 

Oil 

Mg 

80s 

Cl 

Limulus • • 


100 

5*62 

4*06 

11*20 

13*33 

186*9 

Homarus 

• 

100 

3*73 

4*85 

1*72 

6*67 

171-2 

Aurelia flavidula 

• 

100 

5*18 

4*13 

11*43 

13*18 

185*5 

Ocean . 

• 

100 

3*61 

3*91 

12*0 

20*9 

180*9 


The remarkable agreement between the ratios in Limulus and AvreUoy and again 
between these and those of sea water, shows that the composition of the ocean 
determines the inorganic composition of the blood in Limulus, which with its 
ancestral forms has been oceanic since the beginning of the Cambrian. The only 
important differences in these ratios is to be found in the SO^ in both forms, being 
not more than two-thirds of that in sea water. 

In the lobster the ratios for the magnesium and the SO3 are far behind those 
found in lAmulm. The reason is that the resistance which the absorbing mem- 
branee in the lobster exercise towards the magnesium and the SO3 has not been 
so much weakened as in lAmuliis. 

The difference not only in the ratios of the elements but aleo in the concentra- 
tions of the total salts between the dogfish, both of which, as pointed 

out, have always been oceanic, and between the lobster on the ohe hand and, 
on the other, the cod and pollock, all three of which have been oceanic since the 
Cretaceous, is to be referred to the character of the vertebrate kidney. The 
uniformity in inorganic composition of the blood plasma throughout vertebrates 
is due to the specific action of the vertebrate kidney, the primary and only function 
of which in eovertebrates was, apparently, to keep the inorg|nic composition of 
the blood uniform in all habitats. This and other facts hiake it necessary to 
iiegard the kidney as the mos|(hncient and typical vertebrate organ, and to con- 
clude that it acquired its characteristic function when the ocean had a saline 
concentration about one-third of that of the oce^n of to-day, and when also the 
oceanic ratios were approximately those now found in vertebrate bldbd plasma. 

The inorganic composition of the blood plasma may, consequently, be regarded 
as palaeo-oceanic^in character, an heirloom o^ life in the sea of remote geological 
time. ' • « 


2. The Inorganic Composition oj the Blood Plasniq^ in the Frog after a long 
period of Inanition. By Professor A. B. SIacallum, F.R.S. 

The blood plasma of the laboratory frog iir, spring gives a A ranging from 
-0*38° to —0*40° C. The salts in amount vary from 0*57 to 0*64 per cent., and 
they account for practically the whole of the A (-0*395® out of —0*40® C.). In 
consequence^ of this low concentration of the salts the blood as it is collected 
» lakes spontaneously and more or less freely. This is probably the reason for the 
variations in volume of the red corpuscles in the blood in different frogs as 
observed, for the maximum volume as found with the hsematocrite was 29 per 
cent, and the minimum 13 per cent. 

The ratios of the potassium, calcium, aiid magnesium were approximately 
those found in mammals, except in the low value of the magnesium and in the 
potassium, the excess of which was duo to laking. 


Na K Oa 

100 r. .. 12*7 .. .. 3*98 


Mg 

0*395 


The rod corpuscles are rich in potarsium, amounting to about 0*200 per cent, 
and jipparontly free from 60(}ium sal*s. The sodium in the plasma ranges from 
0*1874 to 0*1975 per cent., while the chlorine iif two determinations from different 
samples gave 0*252 and 0*267 per cent. 

The lo^st A found by Dekhuyzen in .the Blood in the normal frog was 
-0;464®. The highest A determined by him in any other vertebrate was found 
by Dekhuyzen in Ttnca vulgaris (-0*466®). 
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3. The Microchemistry of the Spermatic Elements in Vertebrates. 

By Professor A. B. Macallum, F.R.S> 

111 the heads of the spermatic elements in ilie frog, guinea-pig, and rabbit 
practically no evidence of the presence of iron is to be obtained on keeping the 
alcohol-hardened material in contact with glycerine-ammonium sulphide reagent 
at 60 ^ C. for days. In the nuclei of the spermatogonia and spermatocytes 
(rabbit), on the other hand, thq, chromatin contains 'masked* iron. The 
chromatin of the spermatids also gives evidence of its presence, but in a much 
less distinct degree. It is evident, therefore, that iii the development of the 
spermatozoa from the spermatogonia the masked iron is eliminated. 

The hexanitrite of cobalt and sodium applied as a reagent for potassium bi 
the fresh spermatic elements reveals an extraordinary distribution of potassium 
in the vicinity of the head and in the middle piece. In the frog, as these elements 
are befora their discharge into the duct, potassium occurs in a minute deposit 
in the cytoplasm at the very anterior point of the head. It is also distributed 
in the remains of the cytoplasm, as a cap-like deposit, covering the posterior end 
of the head. In the elements in the higher forms {Homo) it occurs in a more or 
less concentrated deposit about the posterior half of the head and in the anterior 
portion of the middle piece. Sometimes the deposit about the head is in the form 
of a distinct zonular band, sometimes the band is replaced by a zone of largo 
granules, and behind this band there may be some minor or less distinct band.^. 
The latter may also continue as a series into the middle piece proper. No 
potassium has been found in the posterior third of the middle piece. 

The contents of the head do not contain any inorganic compounds. The 
potassium about the heads is contained in what would represent a part of the 
residue of.thb cytoplasm of the spermatogonium and spermatocyte. 


4. The Afferent Nerves of the Eye Muscles. By Dr. E. E. Laslett, 
Professor C. S. Sherrington, F.R.S., and Miss F. Tozer, 

5. Quantitative Estimation of Hydrocyanic Jmd in Vegeiahle and Animal 
Tissues. By Professor D. Waller, F.R.8 . — See Report on Electro- 

motive Phenomeyia in Plants^ p. 281. 

Microphotographs of Muscle. By Dr. Murray Dorie. 


Joint Discussion with Section L on Speech . — ^See p. 816. 


8 D 2 
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Bkction K.— botany. 

President of the Section : 

Professor James W. H. Trail, M . A ., M.D., F.R.S. 


T nuns DAY, septemd?:r 1. 

The President delivered the following Address : — 

^I’riE honour corfierrcd in the election to be President for the year of the Botanical 
Section of the British Association imposes the duty of preparing an address. I 
trust that my selection of a subject will not be attributed by anyone to a want 
of appreciation of the worth and importance of certain sides of botanical research 
to which I shall have less occasion to refer. These have been eloquently sup- 
ported by former Presidents, and I take this opportunity to express the thanks 
1 owe for the benefit received from their contributions to the advancement of the 
science of botany. They have told us of the advance in departments of which 
they could speak as leaders in research, and I do not venture to follow in their 
steps. My subject is from a field in which I have often experienced the hind- 
rances of which I shall have to speak, both in personal work and still more as a 
teacher of students, familiar with the many difficulties that impede the path of 
those who would gladly give of their best, but find the difficulties for a time 
almost insurmountable, and who are too frequently unable to spare the time or 
labour to allow of their undertaking scientific iif«restigations that they might well 
accomplish, and in which they would find keen pleasure under other conditions. 
Those whose tastes lie in the direction of studying plants in the field rather than 
in the laboratory are apt to find themselvct hampered eeriouely if they seek to 
become acquainted with the plants of their own vicinity; and, if they wish to 
undertake investigations in the hope of doing what they can to ad’’anc« botanical 
science, they may find it scarcely possible to ascertain what has been already done 
and recorded by others. 

For a time the knowledge of plants was top much confined to the ability to 
name them according to the system in vogue and to a knowledge of their uses, 
real or imagined. The undue importance attached to this side of the study, even 
by so great a leader as Linnaeus, naturally led to a reaction as the value of other 
aspects of* botany came to be realised, and as improvements in ^he instruments 
and methods of research opened up new fields of study. The science has gained 
much by the reaction ; but there is danger of swinging to the other extreme and 
of failing to recognise the need to become well acquainted with plants in their 
natural surroundings. The opportunities for study in the laboratory are so great 
and so much more under control, and the materials are so abundant and of so 
much interest, that there is for many botanists a temptation to limit themsclven 
to such work, or at least to regard wor ikn the field as subordinate to it and of 
little value. It is scarcely necessary to point out that each side is insufficient 
alone. Yet some find more pleasure in the one side, and do well to make it their 
chief study; while they should recognise the value of the other also, and learn 
from it. 

It is especially on behalf of the work in* the field that I now wish to plead. 
There are few paths more likely to prove attractive to most students. The study 
of the plants in their natural environments will lead to an undezetanding of their 
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nature as living beings, of their relations to one another and to other environ- 
ments, of the stimuli to which they respond, and of the struggle for existence 
that results in the survival of certain forms and the disappearance of others. In 
(his way also will be gained a conception of the true meaning and place of clarsi- 
hcation as an indispensable instrument for accurate determination and record, and 
not as an end in itself. To one that has once gained a true insight into the 
pleasure and worth of such studies, collections made for the sake of mere posses- 
sion or lists of species discovered in a locality will not suffice. Many questions 
will arise which will prove a constant source of new' interest. From such studies 
a deep and growing love for botany hae in not a few cases arisen. 

The British flora has interested me for upwards of forty years, and has 
occupied much of my attention during that time — not only as desirous to aid by 
my own efforts to extend our knowledge of it, but also» as a teacher, seeking to 
assist my students to become able to do their parts also, and making use of the 
materials within reach to enable mo to help them. Thus our present knowledge 
of the plants of our own country has become kiiowm to me, and the difficulties of 
acquiring thnt knowledge have also become known through both my own ex- 
perience and those of my students. The nature of the hindrances and difficulties 
that at present bar the way has also become familiar, as well as the steps to bo 
taken to clear some of them away and to make the path less difficult to those who 
come after us ; and I have also gained a fairly good acquaintance with the mcAns 
at the command of students of the floras of other countries, so as to have a 
standard for comparison in the estimate to be formed of the condition of matters 
in our own country. * 

In how far is the present provision for the study of the flora of the British 
Islands sufficient and satisfactory? 

I venture to hope that the subject will be regarded as among those for the 
consideration of which the British Association was formed, and that a favourable 
view will be taken of the conclusions which 1 take this opportunity to lay before 
you. What, then, is the present provision for the study of our plants ? Since 
the days of Morrison and Ray there have been many workers, especially during 
the past century ; and an extensive literature has grown up, in the form both of 
books and of papers, the latter more or less comprehensive, in the scientifio 
journals and in the transactions of societies. These papers contain much that is 
of great value; but, owing to the absence of any classifled index, most of the 
information in it is beyond the reach of anyone, except at the expenditure of 
much time and labour. The coJistantly increasing accumulation of now publica- 
tions makes the need for a classifled index always more urgent; for the mass of 
literature is at present one of the greatest obstacles to the undertaking of new 
invcstigatio.ns because of the uncertainty whether they may not have beer» already 
undertaken and overlooked through want of time or opportunity to search the 
mass exhaustively. 

While the early writers of descriptive floras sought to include every species of 
plant known to occur in Britain, this has not been attempted during the past 
seventy or eighty years, and instead of one great work we now have monographs 
of the greater groups, such as Babington’s * Manual * and Hooker's ‘ Student's 
Flora ' of the vascular plants, Braithwaite's * Mossflora,' &c. Local floras still, 
in a good many cases, aim at including all plants known to grow apparently wild 
in the districts to which they refer; but they are often little more than lists 
of species and varieties and of localities in which these have been found. In 
some, however, there are descriptioAs of new forms and notes of general value, 
which are apt to be overlooked because of the place in which they appear. 

The early works were necessarily not critical in their treatment of closely allied 
specice and varieties, but they are valuable as giving evidence of what plants 
were supposed to be native in England when they were published. Even the 
works that w^e issued after Linnaeus had established the binominal nomenclature 
for a time related almost wholly to England. Sibbald in * Scotia Illustrata ' 
(1684) enumerated the plants believed by him to be native in Scotland, and of those 
then cultivated. Between his book and Lightfoot'e * Flora Scotia.'- published in 
1777, very little relating to the flora«of Scotland appeared. Irish plants were still 
later in being carefully studied. 

The floras of Hudson, Withering, Wghtfoot, and Smitbi all of which include 
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all species of known British plants, follow the Linnaran clairaification and nomeii' 
claiuro in so far as the authors were able to identify the Linnsean species in the 
British flora. ‘ English Botany,* begun in 1796, \rith plates by Sowerby and 
text by Smith, was a work of the^hrst rank in its aim of figuring all British plants 
and in the excellence of the plates; but it shared the defect of certain other 
great floras in the plates being prepared and issued as the plants could be pro- 
cured, and thus being without order. Its cost also necessarily put it beyond the 
reach of most botanists, except those that had the advantage of access to it in 
some largo library. A second edition, issued at a lower price, and with the plants 
arranged on the Linnscan system, was inferior to the first, in the plates being only 
partially coloured and in having the text much curtailed. The so-called third 
edition of the * English Botany,* issued 1868-86, is a new work a^ far as the text is 
concerned, that being the work of Dr. Boswell Syme, who made it worthily repro- 
sensative of its subject ; but the plates, with few exceptions, are reissues of those 
of the first edition, less perfc<t as impressions and far less carefully coloured; 
ami this applies with still greater force to a reissue of the third edition a few 
years ago. This edition, moreover, included only the vascular plants and 
Characem. As this is the only large and fully illustrated British flora that has 
iiocn attempted, it is almost needless to add that in this respect provision for the 
study of the flora of our islands is far behind that of certain other countries, and 
very notably behind that made in the ‘Flora danica.* 

Turning next to the provision of less costly aids to the study of British plants, 
we have manual!^ of most of the larger groups. The vascular plants are treated 
of in numerous w6rks, including a considerable number of illustrated books in 
recent years, inexpensive but insufficient for any but the most elementary 
students. Fitch’s outline illustrations to Bentham’s ‘Handbook to the British 
Flora,* supplemented by W. G. Smith, were issued in a separate volume in 1887, 
which is still the best for use in the inexpensive works of this kind. Babington’s 
‘ Manual,* on its first appearance in 1843, was gladly welcomed as embodying the 
result of careful and continued researches by its author into the relations of British 
plants to their nearest relatives on the Continent of Europe ; and each successive 
issue up to the eighth in 1881 received the careful revision of the author, and con- 
tained additions and modifications. In 1004 a ninth edition was edited, after the 
author’s death, by H. and J. Groves; but, though the editors included notes left 
by Professor Babington prepared for a new edition, they were ‘ unable to make 
alterations in the treatment of some of the critical genera which might perhaps 
have boon dcsirjiblc.* The ‘ Student’s Flora of the British Islands,* by Sir J. D. 
Hooker, issued in 1870, took the place of the well-known ‘British Flora* (1830, 
and in subsequent editions until the eighth in 1860, the last three being issued in 
collaboration b^^Sir W. J. Hooker and Professor Walker Arnott). The third 
edition of the ‘ Student’s Flora ’ appeared in 1884, and there has been none since. 
Mr. F. N. Williams* ‘Prodromus Flcrao Britanniese,* begun in 1901, of which 
less than one-half has yet appeared, though a work of much value and authority, 
is scarcely calculated for the assistance of the ordinary student ; and Mr. Druce’s 
new edition of Hayward’s ‘ Botanist’s Pocket. Book ’ ‘ is intended merely to 
enable the botanist in the *ficld to name his specimen approximately, and to 
refresh the memory of the more advanced worker.* In all the books that are 
intended for the use of British botanists, apart from one or two recently issued 
loeal floras/ the classification is still that in use in the middle of last centuiy, 
oven to the extent in the most of them^ of retaining Conifene as a division of 
Dicotyledones. Apert from this, the critidi study of British plants has led to 
the 'detection of numerous previously unobserved and unnamed forms, which find 
no place in the ‘ Student’s Flora,* and are only in part noticed in the recent 
edition of the ‘Manual.’ 

The ‘ Lists * of vascular plants of the British flora that have recently been 
issued by Messrs. Rendle and Britten, by Mr. Druce, and as thq^tenth edition 
of the * London Catalogue of British Plants * are all important documents for 
the study of the British flora; but they illustrate very forcibly certain of the 
difficulties that beset the path of the student eager to gain a knowledge of the 
plants of his native land. In these lists he^fin^ it scarcely possible to gain a 
clear idea of how far the species and varieties of the one correspond with those 
of tho other, owing to the diversities of the nsmes employed. It would be a great 
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boon to others as well as to students were a full synonymic list prepared to show 
clearly the equivalence of the names whore those for the same species or Variety 
differ in the different lists and manuals. Probably in time an agreement will be 
generally arrived at regarding the names to be accepted, but that desirable con- 
summation seems hardly yet in sight. Meantir e the most useful step seems to 
be to show in how far there is agreement in fact under the different names. 

Among the Cryptogams certain groups have fared better than the higher 
plants as regards both their later tresitment and their more adequate illusti'atioii 
by modern methods and standards. Several works of great value have dealt with 
the mosses, the latest being Braithwaite’s * British Moss-flora,’ completed in 1899. 
The Sphagna wore also treated by Braithwaite in 1880, and are to be the subject, 
of a monograph in the Ray Society’s series. The' liverworts have been the subject 
also of several monographs, of which Pearson’s is the fullest. 

Among the Thallophyta certain groups have been more satisfactorily treated 
than others— r.y. the Discomycetes, the CJredineae and Ustilagincao, the Myxomy- 
cetes, and certain others among the fungi, and the Desmidiaceo) among the algae ; 
but the Thallophyta as a whole are much in need of thorough revision to place 
them on a footing cither satisfactory or comparable to their treatment in other 
countries. 

Of the Thallophyta many more of the smaller species will probably be dis- 
covered within our islands when close search is made, if wo may judge by the 
much more numerous forms already recorded in certain groups abroad, and 
which almost certainly exist hero also; but among the higher plants it is not 
likely that many additional species will be discovered as native, yet even among 
these some will probably be found. It is, however, rather in the direction of 
fuller investigation of •the distribution and tendencies to variation within our 
islands that results of interest are likely to be obtained. 

The labours of IT. C. Watson gave a very great stimulus to the study of the 
difitributioh of the flora in England and Scotland, and the work he set on foot has 
been taken up and much extended ‘by numerous botanists in all parts of the 
British Islands. It is largely owing to such vrork and to the critical study of the 
flora necessary for iis prosecution that so many additions have been .made to the 
forms previously known as British. Many local works have been issued in recent 
years, often on a very high standard of excellence. Besides these larger works 
sciontifle periodicals and trans<actions of fleld clubs and other societies teem with 
records, some of them very brief, while others are of such size and compass that 
they might have been issued separate books. A few of both the books and 
papers are little more than mere lists of names of species and varieties observed 
in a locality during a brief visit; but usually there is an attempt at least to dis- 
tinguish the native or well-established aliens from the mere casuals, if these are 
mentioned .it all. In respect of aliens or plants that owe their preso»ice in a 
district to man’s aid, intentional or involuntary, their treatment is on no settled 
basis. Every flora admits without question species that are certainly of alien 
origin, even such weeds of cultivated ground as disappear when cultivation is 
given up, as may be verifled in too many localities in some parts of our country. 
Yet other species are not admitted, though they may bo met with here and there 
well established, and at least as likely to perpetuate their species in the new 
home as are some native species. 

^ Comparatively few writers seek to analyse the floras of the district^ treated of 
with a view^ to determine whence each species came and how, its relation to man, 
whether assisted by him in its arrival directly or indirectly, whether favoured or 
harmfully affected by him, its relations to its cnvironmenW-especially to other 
species of plants and to animals, and other questione that suggest themselves 
when such inquiries are entered on. It is very desirable that a careful and exhaus- 
tive revision of the British flora should bo made on these and similar lines. In 
such a revision it is not lose desirable that each species should be represented by 
a good series of specimens, and that these should be compared with similar series 
from other localities within our islands, and from those countries from which it is 
believed that the species originally was sprung. ^ Such careful comparison would 
probably supply important evidence of forms being evolved in the new environ- 
ments, differing to a recognisable ^degree from the ancestral types, and tending 
to h^epmo more mark^di in thp more distant and longer isolated localities. An 
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exceUent example of this is afforded by the productive Msdts.of the very careful 
investigatiou of the Shetland flora by the late Mr. W. H. . 

WiSiin recent years excellent work has been done in the study of plant 
associations, but the reports on these studies are dispersed in various journals 
(often not botanical}, and are ap6 to be overlooked by, or to remain unknown to, 
many to whom they would be helpful. The same is true in large measure of the 
very valuable reports of work done on plant-remains from peat-mosses, from 
lake deposits, and from other recent geological formations, researches that have 
cast such light on the past history of many species as British plants, and have 
proved their long abode in this country. Mr. Clement Reid s Origin of 
the British Flora,^ though published in 1899, has already (by the work of himself 
and others) been largely added to, and the rate of progress is likely to become still 
more rapid. Among the fruits and seeds recorded from interglacial and even from 
preglacial deposits are some whoso presence could scarcely have been anticipated, 
e.g. Hypecoum procumhens, in Suffolk. Some of the colonists, or aliens now 
almost confined to ground under cultivation, have been recorded from deposits 
that suggest an early immigration into the British Islands. While much remains 
to be discovered, it is desirable that what is already established should find a 
place in the manuals of British botany. 

Apart from the descriptive and topographical works and papers on our flora, 
there is a serious lack of information gained from the study of our British plants. 
Although a few types have received fuller study, we have little to compare with 
the work done ip other countries on the structure and histology of our plants, on 
the effects of environment, on their relations to other species and to animals, and 
on other aspects of the science to which attention should be directed. On these 
matters, as on a good many others, we gain most of what information can be had 
not from British sources, but from the literature of other countries, though it is 
not wise to assume that what is true elsewhere is equally true here. It is as well, 
perhaps, that for the present such subjects should find scanty reference in the 
manuals in ordinary use; but, when trustworthy information has been gained 
within the British Islands, under the conditions prevailing here, these topics 
should certainly not be passed over in silence. Students of the British flora 
have as yet no such works of reference as Raunkjaer’s book on the Monocotyle- 
dons of Denmark or the admirable ' Lebensgeschichte der Bliitenpflanzen Mitteh 
europas,' at present being issued by Drs. Kirchner, Loew, and Schroter. 

In a complete survey of the British botany there must be included the succes- 
sive floras of the earlier geological formations,, though they cannot as yet bo 
brought into correlation with the recent or existing floras. In the brilliant pro- 
gress made recently in this field of study our country and the British Association 
are worthily represented. ,, 

The present provision for the study of the British flora and the< means that 
should be made use of for its extension appear to be these : — 

Much excellent work has already been accomplished and put on record towards 
the investigation of the flora, but much of that store of information is in danger 
of being overlooked and forgotten or lost, owing to the absence of means to direct 
attention to where it may be found. A careful revision of what has been done 
and a systematic subject-index to its stores are urgently required. 

The systematic works treating of the flora are in great part not fully repre- 
sentative of the knowledge already possessed, and require to be brought up to 
date or to be replaced by others. 

Great difficulty is caused by the absence of an authoritative synonymic list 
that would show as^far as possible the equivalence of the names employed in the 
various manuals and lists. There is much reason to wish that uniformity in the 
use of names of species and varieties should be arrived at, and a representative 
committee might assist to that end ; but, in the meantime, a good synonymic list 
would bo a most helpful stop towards relieving a very pressing obstacle to 
progress. 

There is need for a careful analysis of the flora with a view to determining 
those species that owe their presence here to man’s aid, intentional or uncon- 
scious ; and the inquiry should be directed to ascertain the periods and methods 
of introduction, any tendencies to become modified in their new homes, their 
subsequent relations with man, and their influence on the native flora, whether 
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direct or by modifying habitatS) as shown by Luptnus nootkatensis in the valleys 
of rivers in Scotland. 

Those species that there is reason to regard as not having been introduced by 
man should be investigated as regards their probable origins and the periods and 
methods of immigration, evidence from fossil deposits of the period during which 
they have existed in this country, their constancy or liability to show change 
during this period, their resemblance to oc differences from the types in the 
countries from which they are believed to have been derived, or the likelihood 
of their having originated by mutation or by slow change within the British 
Islands, and their relation to man’s influence on them (usually harmful, bub 
occasionally helpful) as affecting their distribution and permanence. 

The topographical distribution, though so much has been done in this field 
during the past sixty or seventy years, still requires careful investigation, to 
determine , not merely that 6i)ecies have been observed in ceilain districts, but 
their relative frequency, their relations to man (natives of one part of our country 
are often aliens in other parts), whether increasing or diminishing, altitudes, 
habitats, &c. From such a careful topographical survey much should be learned 
of the conditions that favour or hinder the success of species, of the evolution 
of new forms and their relation to parent types in distribution, especially in the 
more isolated districts and islands, and of other biological problems of great 
interest. A most useful aid towards the preparation of topographical records 
would be afforded by the issue at a small price of outline maps so as to allow of 
a separate map being employed for recording the distribution of each form. 

A careful study of the flora is also required from the standpoint of structure 
and development, with comparison of the results obtained here with those of 
workers in other countries where the same or closely allied species and varieties 
occur. It is also needed in respect of the relations between the plants and animals 
of our islands, both as observed here and in comparison with the already exten- 
sive records of a similar kind in other countries. On such topics as pollination, 
distribution of seeds, and injuries inflicted by animals and galls produced by 
animals or plants we have still to make use very largely of the information gained 
abroad ; and the same holds good with regard to the diseases of plants. 

While * English Botany * in its first edition was deservedly regarded as a 
work of the first rclnk among floras, it has long been defective as representing 
our present knowledge of British plants, and it has not been succeeded by any 
work of nearly equal rank, while other countries now have their great floras of a 
type in advance of it. There need for a great work worthy of onr country, 
amply illustrated so as to show not only the habit of the species and varieties, 
but also the distinctive characters and the more important biological features of 
each. Such a flora would probably require to be in the form of monographs by 
specialists, ssued as each could be prepared, but as part of a weij-plannsd whole. 

It should give for each plant far more than contained in even the best of our 
existing British floras. Means of identification must be provided in the description, 
with emphasised diagnostic characters ; but there should also be the necessary 
synonymy, a summary of toiiographical distribution, notes on man’s influence upon 
distribution, abundance, &c., on any biological or other point of interest in struc- 
^re or relations to habitat, environment, associated animals or plants, diseases, 
&c. Eocal names, uses, and folklore should also be included ; and for this the 
need is all the greater, because^ much of such old lore is rapidly beii^ forgotten 
and tends to Le lost. In a national flora there should bo included an ticcount of 
the successive floras of fo^er periods, and, as far as possible, the changes that 
can be traced in the existing flora from its earliest records to the time of issue 
should be recorded. 

A flora of this kind would not only afford the fullest possible information with 
regard to the plant world of the British Islands at the date of issue, but would 
form a standard with which it could be compared at later periods, so as to permit 
of changes in it being recognised and measured. In the meanwhile the production 
of such a flora can be regarded only as an aim towards which to press on, but 
which cannot be attained until much has been done. But while the fulfilment 
must be left to others, we can do something to help it on by trying to remove 
(liftioulties from the way, and to bring together materials that may be used in its 
construction. 

I have sought to call attention to the difTicnlties that I have experienced and to 
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diroctions in which progress could bo made at once, and to provision which should 
be made for the advancement of the study of the British flora with as little delay 
us possible. There is, I feel assured, the means of making far more rapid and 
satisfactory progress towards the goal than has yet been accomplished. ^ Many 
persons are interested in the su^^ject, and would gladly give their aid if they 
knew in wh.*it way to employ it to the best purpose. As a nation we are apt to 
trust to individual rather than to combined efforts, and to waste much time and 
labour in conEcquonce, with discouragement of many who would gladly share the 
labour in a scheme in which definite parts of the work could be undertaken by 
them. 

I believe that a well-organised botanical survey of the British Islands would 
give results of great scientiSc value, and that there is need for it. I believe, also, 
that moans exist to permit of its being carried through. There is no ground 
to expect that it will be undertaken on the same terms as the Geological Survey. 
A biological survey must be accomplished by voluntary effort, with possibly some 
help towards meeting necessary expenses of equipment from funds which are 
available for assistance in scientific research. Is such a survey of it an object 
fully in accord with the objects for which the British Association exists? In 
the belief that it is so, I ask you to consider whether such a survey should not 
be undertaken ; and, if you approve the proposal, I further ask that a committee 
be appointed to report on what steps should be taken towards organising such a 
survey, and preparing materials for a national flora of the British Islands. 


The following Papens w'cro read : — 

1. On the Function and Fate of the Cystidia of Coprinus atramentarius. 
By Professor A. H. Eeginald Buller, D.Sc., Ph.D., F.R.S.C. 

Brefeld,^ in giving an account of the life-history of Coprmvs stcrrorarivftj 
made the suggestion that the cystidia which he observed in that species may 
possibly act as props to keep the gills, when stretching, from pressing against 
one another. 

Hitherto the fate of the cystidia of the Coprini has been a mystery. Worthing- 
ton Smith ^ stated that the cystidia are male organs, that they fall to the ground, 
and that they there liberate spermatozoa, which fertilise the spores. 

In the light of my recent discoveries concerning the mode of liberation of the 
spores of the Coprini,^ I have investigated the function and fate of the cystidia of 
Coprinus atramentarius, and have come to th'5 following conclusions : — 

The kills of Coprinus atramentaruis arc of great width and of exjtreme thin- 
ness, and consequently are very flexible. Numerous long cystidia stretch between 
and connect adjacent gills, the general surfaces of which thus become separated 
by an interlamellar space about 0*10 mm. wide. The cystidia serve as props, 
firstly, to keep the gills from touching one another during spore development; 
and, secondly, to provide sufiicient interlamellal space for the free escape of the 
spores from between the gills during their discharge. 

The cystidia do not drop out of the gills when mature. Their disappearance 
is due to ai.to-digestion. Excluding the cystidia, the gills undergo auto-digestion 
from below upwards in the manner that I * have already described for Coprinus 
cnmatits. Each cystidium begins to undergo auto-digestion as soon as it comes 
to be situated about 0*5 mm. above the upwardly progressing general zone of 
auto-digestion, and about forty minutes or so before the basidia and paraphyses 
in its iinihediato vicinity. During their auto-digostion the cystidia become pro- 
gressively thinner, their fluid-contents are apparently absorbed by neighbouring 
colls, and they are finally withdrawn in a much reduced state to the gill sides, 
where their destruction is completed. 

The cystidia, owing to their early auto-digestion, never persist until the 

^ O. Brefeld, UnierstuJmngen, Heft HI., 1887, pp. 67 and 68. 

* W. Smith, OreviUea, vol. iv., 1876-70, fl. 60; also vol. x., 1881, p. 78. 

^ A. H. R. Buller, Be9earche9 on Fungi, London^ 1909# pp. 196-1516. 

♦ Tvqc, cU, 
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upwardly progressing zono of spore discharge reachcfj thorn. Their prop function, 
however, is retained up to the last possible moment, and they disappear just in 
time to prevent the falling spores from striking and adhering to them. 

In a number of other species of Coprinus the cyslidia are removed from the 
gills during spore discharge by a process of autu-d igestion similar to that which 
occurs in C. atramentarius. 


2. Asexual Rc'produclion in a Species of Saprolcgnia. 

By A. E. Lechmerb, Jd.Sc. 

A species of Saprolegnia was kept in pure culture in various media, but it 
proved impossible to obtain the formation of sexual organs. It has, therefore, 
not been possible to identify the specie#. The cultures w'orc, however, of interest 
because of the variety of methods of asexual reproduction shown by them when 
grown under different conditions. Methods of asexual reproduction were observed 
in this one species which were regarded by earlier authors as characterising six 
difterent genera of the family. 

3. On Pseudomitosis in Colcosporium. ; 

By Professor V. H. Blackman, M,A, 

A form of nuclear division intermediate between mitosis and aniitosis is to 
be observed in the divisions of the teleutospore in Coleosporittm Tuniiilagims, 
A well-marked spindle, centrosomes, and polar radiations are present, but the 
spireme which appears after nuclear fusion disappears again, and the chromatin 
becomes granular. The granular material becomes arranged on the spindle, 
and is then drawn apart towards the poles without the formation of 
chromosomes. 


4. Chromosome Reduction in the Hymenomycetes. 

By Harold Wager, F.R.S, 

The nucleus of the basidium is formed by the fusion of two nuclei (Wager, 
1892), rarely by three or four (Wager, 1893 j Maire, 1900). The presence of six 
or eight nuclei in a basidium as described by Rosen (1892) has not been observed, 
but some light is thrown imon Rosen’s observations by tho appearances presented 
in Mycena galcriculata. Li this species the nuclei both of tho hyphao and tho 
young basidium constantly show thitso or four chromatin masses 'n each nucleus, 
probably chromosomes, and in some cases, especially in tho basidium, v^cre tho 
nuclear membrane is not clearly seen, we get aA appearance of six to eight minute 
deeply staining nuclei, which correspond perfectly with tho description of tho 
nuclei of the fungi given at about the date of Rosen’s paper by Schmitz and 
other observers. 

The fusion of more than two nuclei in the basidium appears to bo an 
abnormal, and not a normal, occurrence, as Dangeard has maintained. 

The nuclei in the young basidium arc extremely small. Previous to fusion 
they increase much in size, and in some cases they appear to extruded a quantity 
of chromatin, in the form of a nucleolus-like body, into tho cytoplarm. 

The number of chromosomes in the vegetative nuclei appears to be four. 
These are constantly seen in Mycena galericvlata, both in the hyphae and in tho 
young basidium. After the extrusion of the chromatin the young basidial nuclei 
show the normal structure of a resting nucleus with a faint nuclear network 
and a nucleolus. In this stage they fuse. 

There was no direct evidence of conjugate division in the hyphae. In 
Stropharia stercorarius it was clear that conjugate division was possible, but in 
some other forms it was just as clear that the fusion nuclei of the basidium 
might be sisters. 

After fusion both the basidium and its nucleus increase very much in size 
and the cytoplasm stains intensely. * The nuclear network becomes very distinct, 
and in some cases appeared to form a nearly continuous spireme. The nuclear 
thread breaks up intp eight segments, out of which the mmute deeply staining 
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chromosomes arise by a condensation of the chroniatin. At about the stage of 
the segmentation of the nuclear thread contraction figures can be observed. 
Some of the nucleolar chromatin' appears to be taken up by the chromosomes, 
but the nucleoli themselves are extruded into the cytoplasm when division 
takes place. 

The spireme often exhibits a folding at the periphery of the nucleus as 
described by Farmer and Moore in the nuclei of higher plants, but this did not 
resolve itself into bent and twisted segments, although appearances were observed 
which might have been interpreted in this way. 

Induction is brought about simply by the distribution of the chromoson.es 
into groups of four each to the two daughter nuclei at the first division of^ the 
basidial nucleus. This apparent! v corresponds, therefore, to the brachymoiotic 
phase in the ascus as described by Miss Fraser, and seems to indicate that a 
sexual fusion necessitating a mciotic phase is absent. The second division in 
the basidium appears to be normal, in that four chromosomes are produced, 
which divide into two groups of four each to form the nuclei which will 
ultimately pass into the spores. The four chromosomes in the daughter nuclei 
were in most cases very clearly seen at the poles of the spindle. In the re- 
c(«nstiiution of the daughter nuclei the chromosomes first of all fused together, 
and out of this fused mars the nuclear network and the nucleolus were 
differentiated. 

Clear indications of the four chromosomes were also scon in the nuclear 
division in the spores. 


5. Sonic Observations on the Silver-Leaf Disease of Fruit Trees. 

By F. T. Brooks, M.A. 

This disease attacks plum trees more frequently than any other kind of fruit 
tree. Apple and chen*y trees are occasionally affected, and 1 have recently found 
a few ref^-currant and gooseberry bushes attacked by this disease. 

As the name of the disease implies, the foliage of affected plants presents a 
silvery appearance in contrast with the dark green colour of healthy leaves. 
At the commencement of attack a single branch usually becomes affected, but 
sooner or later the entire foliage assumes a silvery appearance. After an attack 
during one or more seasons some of the branches begin to die, and ultimately 
the whole tree succumbs. This disease seems to b^ rapidly increasing in frequency, 
and in some fruit plantiitions of Cambridgeshire nearly 10 per cent, of the plum 
trees are affected. 

Percival^ appears to liavc been the fu^^t to call serious attention to this 
disease. In 1902 he showed that the silvery appearance of the leaves was due, 
not to any change in the constitution of the chlorophyll, but to the formation 
of air-cavities in certain of the walls of the epidermal cells. He found that 
portions of roots of affected trees gave rise to the sporophores of Stereum 
'purpurenm when kept in a moist atmosphere^ Upon inoculating branches of 
healthy trees with portions of these sporophores he found that the foliage 
of the inoculated branch subsequently became silvered. He concluded, there- 
fore, that Siereum purpureuvi was the cause of the disease, and considered that 
this fungds secreted an enzyme which, upon being carried up the branch, 
produced the silvering of the foliage. More recently Spencer Pickering “ has 
made a number of inoculation experiments with sporophores of this fungus, and 
in the large majority of cases silvering of the foliage of inoculated trees 
subsequently resulted. On the other hand, some obeervera doubt whether 
Stereuvh puTpurewn is the cause of the disease. 

hor the lust two se^isons I have been making observations and experiments 
on this disease among the fruit plantations of Cambridgeshire. The work is 
ntii yoi I'omploie, lout the teBullR which havft BO far come to hand are as 
follows 

Large numbers of plum trees have been seen on the dead branches of which 
the sporophores of Strj'eum piirpureitm we|:c present in abundance; in these 

‘ Percival, Journ. Linny Sor., 1902, vol. xxxv. 

* Spencer Pickering. Report of the Woburn Experimental Fruit Farm, J906, 
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to-be growing. 8o far, uie sp | , .t oarts hvph«9 are found to bo 

dead branches; upon cutting sections of »“««• !«”?> ^ * Wn 

abundantly present in the vessels of the wwd. ^o my^li^ Has y 
found in the portions of the silvered tree which are still living. _ 

Certain inoculation experiments have been performed. In previoua work o 
this disease all these ex^rimonts, as far as I am aware, have been made witn 
pieces of the sporophores of Stereum. It was decided, therefore, ^ to inaxe a 
number of inoculations with clean spores, as well as a scries of inoculations 


with sporophores. 

Upon placing pieces of sporophore in the branches of healthy trees, the 
foliage beyond the point of inoculation became silvered a few months later. 
These results are identical with those of Percival and Pickering. 

On the other hand, the spore inoculations have not yet resulted in causing 
the foliage to become silvered, although certain of these experiments were 
made more than a year ago. It is not likely that the germi native capacity 
of these spores was at fault because the spores have been found to germinate 
well in hanging-drop* cultures of plum-wood extract. It is possible that the 
silvered effect may appear next season after the mycelium arising from the 
spores used in these inoculations has developed more luxuriantly. However, 
it is conceivable that the factor in the sporophore inoculations which causes 
silvering of the foliage to ensue may be absent from the spore inoculations. 

In the course of this work it has been found possible to grow the mycelium 
o{ Stereum purpureum in pure culture. By sowing the spores on blocks of 
sterilised plum wood placed in suitable tubes, a good growth of mycelium has 
been obtained. It is proposed to use this mycelium in subsequent inoculation 
experimeiils. Derived as it is from pure cultures, none of the objections can 
he raised against the use of this mycelium that may possibly bo urged against 
the employment of pieces of sporophores obtained from branches of diseased 
trees. 


6. An Arrange^nent for usinej the Wafer Blades of Safety Razors in the 
Microtome. By B. IL Bentley, M.A. 


Wil/D.iy? SKPT EMBER 2. 

Joint Meeting with Section /).— Sec p. G28. 


The following Papers were riad in Section K : — 

1. Vegetative Mitosis in the Bcan» 

By Miss H. C. I. Fraser, D-Sc.^ and John Snell., 

In the course of an investigation of the nuclei of the root apex of Vicia 
faba it was observed that in the late telophase the chromosomes become attached 
laterally one to another. At the same time each chromosome was seen, e.special1y 
in the region of these attachments, to be longitudinally split into two portions; 
the fission, widening more or less, was observed to persist throughout the so- 
c.alled resting stages of the nucleus. Such an appearance of duplication has been 
recorded by \ariouB authors, and has been constantly explained as due to the 
approximation of paternal and maternal spiremes. 

To obviate confusion from ibis source the'siudy of gametophytic nuclei was 
undertaken, and it was found that in the mitotic divisions in the pollen-gruin 
duplication of the chromosomes fir%t appears in t^e late telophase; the formation 
of a reticulum is due to the lateral attachment And consequent pulling apart in 
places of the longitudinally split halves. On the formation of the spireme the 
lateral ^connections break down and the split halves become more or less closely 
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appfbkimitted, the fipireme being drable from \ts first foraatioft till it dmdes 
into the longitudinally split chromosomes. On the spindle tho longitudinal 
fission closes to reopen Klermanently as the daughter chromosomes travel to the 

poleSs # .• 1 . • • 

The chromosomes therefore which separate one from another in any given 
division are the result of a longitudinal fission which is initiated in the pre- 
ceding telophase, and the nucleus, alike of tho sporophyte and gametophytop 
shows a double structure throughout its resting stages! 


2. On the 8o)mtic and Heterotyfc Mitoses in Galtonia candicans. 

By Professor J. B. Farmer, FJtS., and Miss L. Digby. 

The question as to how the process of the reduction of chromoEomes is 
effected is still unsettled. Two principal views are current : — 

(1) That the reduction occurs during ‘rest,* and that each meiotic division 

is associated with longitudinal fission as in a somatic division. This view implies 
the negation of chromosomal individuality. •( 

(2) ThiCt meiosis is associated with a temporary pairing followed by the 
dissociation of somatic chromosomes, and their distribution to the daughter 
nuclei at either^ the first or second meiotic division. Further, that the tem- 
|)orary union is probably between homologous chromosomes derived from the 
male and female parent respectively. Amongst those who adhere to the latter 
interpretation of tho x)rocess there is a difference of opinion as to the method 
by which the result of distribution of the chromosomes during the first meiotic 
division is achieved. 

One school, represented prominently by tho investigators at Louvain, 
believe that a side^to side pairing «at or before synapsis takes place, or that 
the chromosomes first irsue from rest as paired structures (pro-chromosomes) 
and that there is nothing representing the longitudinal fission of the earlier 
and subsequent mitoses, but that the appearances wliich have been thus inter- 
preted are illusory and depend on the approximation and subsequent divarication 
of distinct pairs of somatic chromosomes. 

Another set of observers, including ourselves, consider that the appearance 
of early longitudinal fission is not illusory, but really corresponds to this process 
as met with in ordinary dividing nuclei. The union of entire pairs of chromo- 
somes, whereby the reduced number is effected, is regarded ae being due to 
an end-io-end iy;iion or non -separation, or to be brought about by a pairing 
at ‘second contraction.* We do not jiropose to go into the whole natter fully 
here; this has been done in a paper in course of publication. We wish, however, 
to draw special attention to certain facts, the general bearing of which seems to 
have attracted less attention than they deserve. 

We refer to the results of a study of the complete series of events which 
intervene between telox)hare and prophase irt the last archesporiul, and the 
hetorotype mitosis, together with the comparison between them and premeiotic 
divisions, whether in the archesporial somatic tissues. 

For purposes of illustration we have selected Galtonia ran di cam, mainly 
because it is specially favourable for this investigation, and also because it 
has been studied in part by others. We exhibit a series of drawings, as accurate 
os we could make them, to illustrate these mos^ important stages, and we have 
also added one of a tapetal prophase. 

It will* be seen that in all of them, owing to the absence of ‘resting’ stages 
especially in tlm archesporial mitoses, there is a remarkable similarity, extending 
to minute details, between the prophase of the hetefotype, the diviuon in dispute, 
and the other and earlier mitoses in this plant. 

As the telophase of an early archesporial division, for example, comes on, 
there is seen to be a condensation of tne chromatin on the two edges of each 
of the chromosomes, and even when these have lost their early distinctness the 
duplicate cliaracter can still, and thus early, be detected. As the next division 
supervenes, again the dots or lines aggregate in paire— the new chromosomal 
structures are longitudinally divided ah initio. The fission can be detected easily 
up to the spireme^ and only becomes for the most part temporarily invisible m 



.#ftAifsACfi6HSi of .fiEerioN 7Y9 

iiie cttroiuosomea thicken and-ite^ maturity before their arfafigeintnt on the 
Spindle. There the well-known fission reasserts ^itself; and results in the forma- 
tion of the groups of chromosomes of the pair«of daughter nuclei. Now, precisely 
similar conditions obtain during the early ^rophase of the heterotype mitosis 
in Galtonia. Neither in the somatic nor m the meiotic prophases is there a 
definitely numerical eetimation of chromosomes possible: The number of separate 
chromatic structures is quite variable. The longitudinal fiesion in the heterotype 
is prepared for, as in the preceding mitoses, during the telophase of the lust 
archesporial division, and on the reconstitution of the chromosomes in the early 
heterotypo prophase, exactly similar paired arrangements are to be discerned 
as in a somatic mitosis. Finally the nucleus goes into synapsis; and here it 
must be admitted that it is not possible to follow exactly what occurs, bfit sub- 
sequent events show that at any rate there is at that stage no pairing of 
individual or homologous chromosomes. In the hollow spireme which follows, 
more or less definite traces of the preceding longitudinal fission can still be 
seen, and it may be mentioned in passing that there is some variation in the 
way in which the process as a whole is conducted. Sometimes the thread looks 
uniform, at other times threads made up of distinctly double filaments arc to 
be seen. There is considerable anastomosis between the thread work at this 
stage, and the same is true of certain other plants in a stilh higher degree. 
Moreover, there is a considerable range of variation in the thickness of the 
threads — or thread-pairs — in the same nucleus. This is of weight, as much 
stress has been laid on thickness as a criterion cf structure. A full account o£ 
these structural features will be published shortly. As second contraction comes 
on, the loops and tangles of the spireme become more closely appressed, and a 
paired arrangement quickly becomes obvious. The whole process is rapidly gone 
through, and there seems to be a wide range of variation in the actual manner of 
approximation. Thus sometimes a bending over of a loop, at other times the 
approximation of distinct chromosomes to each other takes place. There may be 
a twisting round each other or a merely parallel arrangement. 

It is easier to follow out the process in Galtonia than in many other plants, 
owing to the remarkable difference of size which exists amongst the chromosomes 
themselves. 

The later stages call for no particular comment, but we desire to call special 
attention to this pliint as one in which there can bo no mistake in the serJation. 
We have for some years selected Galtonia for detailed observation, owing to tho 
advantage, already alluded to, of thejabsence of any intercalated .yhraee of ‘ rest * 
between the^ast archesporial and tho heterotype mitosis. Wo feel convinced that 
the same interpretation to be placed on the events of prophase in the ordinary 
archeroorial prophase, must also apply to the corresponding stage of the hetoro- 
type, and that, as was said some years ago, the union of somatic chromosomes 
to form the pseudochromosomes, and their separation at the heterotype mitosis, 
is to be regarded as a stage intercalated between the prophasic longitudinal 
fission of the heterotype and the completion of this fission, which is thus post- 
poned to the homotype division. We would point out that those who hold the 
other view have never explained why there should invariably be Ueo mitoses 
comprised in the meiotic phase. 


8. On the Vermiform Male Nmlei of Liliunu 
By Professor V. H. Blackman, M.A. 

The shape and structure of these nuclei were described in detail, and circum- 
sfAntial evidence brought forward that these structures, though purely nuclear 
in nature, are capable of movement, and make their way by their own activity 
into the egg-cell and towards tho polar nuclei. 


4. Colour Inheritance in Anagallie arvensis, L, 

By Professor P. E. W»tss, D,8d. 

The scarlet and blue pimpernels, regarded by some botanists as different 
ipecies— Anai/a/fta arvensis^ tn, and A, ctcrvlea (Shfeb) respectively— are united 
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.under the naine A. arven^iii, L., in tlie * Index JCewensis,’ and also ih tlngter J 
' Pilaffisenreich/ in whicli latter work they arc giy?n the fanetal names of 
phosnicea and c(t;ntlca. The blue variety is stated to be without glandular hairs 
' on the margin of the petals/ but in all the specimens examined such hairs have 
been present, and the edge of the petals not always markedly denticulate. 

In both forms the throat of the corolla is of purple colour, due to the present 
of a purple sap in the cells of this region, and in the centre of these purple cells 
there is always a collection of needle-shaped crystals of deep-blue^ colour. Sap of 
the same purple colour is found in the staminal hairs, and also in the glandular 
h^irs whi^h fringe the petals in both forms, but in the blue var*i€ty the basal 
cells df these glands contain numerous blue crystals similar to those found in the 
throat of the corolla. The sap of the cells appears to be acid, and, when treated 
with potash, the blue crystals observed in these cells are dissolved. 

In the scarlet form the bright colour of the petals is due to a red sap, different 
in colour and in its chemical nature from the purple sap of the cells just referred 
to, at the base and the edge of the corolla. In the blue form the colopr seems to 
be due to a blue sap, though possibly the appearance is really due to very finely 
divided particles of blue colour. When treated '^ith dilute acetic acid the sap 
tends to bccomQ pink, and small blue granules make their appearance in the cells. 
Two other varieties of this species occur in nature, one somewhat salmon- 
coloured (A, vaniea of Schrank) and one of pale-pink colour. Both these forms 
resemble the scarlet form, except in the lighter colour of their cell-sap, and have 
the same purple throat with blue crystals in its cells. Through the kindness of 
my friend Mr. Doeg, of Manchester, I obtained s£)€ciinens of all four varieties 
from Anglesea, where they occur fairly commonly. 

On polKnating the scarlet form with pollen of the blue variety I obtained 
plants which bore pure scarlet flowers, and the reciprocal cross, blue pollinated 
with pollen of a scarlet form, produced plants with scarlet flowers indistinguish< 
able from the scarlet parent. Only on one or two flowers out of several hundred 
was a small blue streak noticeable on the petals and indicated the hybrid 
nature of the plant. The red colour was therefore dominant, and the blue colour 
recessive. 

In the /a generation complete segregation , took place, and the plants bore 
either brilliant scarlet or bright blue flowers; no intermediate colours were 
noticeable. This applied to the offspring from both of the crosses. No very 
good Mendeliar' ratios were obtained in thf. numbers of the blue and red plants, 
partly on account of the small number of the plants and pai*tly o^ing to somo 
interruption in the work. Up to the present the numbers in generation are — 
in descendants of A. cc^rnha $ x pheenirea d sixty-two red and eight blue; iii- 
tho case of the descendants of A. pha'nicea^ X ca>rulea S twenty -five rtd and 
two blue. 

The pale-pink form was crossed with bliic‘ and the latter colour was in this 
case also found to be recessive. The ^ generation of this cross has not yet been 
obtained. 

The complete dominance of the pure red colour in the crosses of the varieties 
phoinicea and catrvlfa is contrary to the suggestion which has been made (Engler’s 
‘ Pflanzenreich ’) that A. rarnea (Schrank) is the hybrid of these two forms. It is 
more likely, 1 think, to be a pale variety of the scarlet pimpernel, especially as 
there is some difference in the depth of colour of this form. Experiments are 
now being carried on to settle this point. 

The experiments described above confirm those of Focke (‘Pflanzen- 
mischlinge/ 1881), who obtained a hybrid of AnagalHs arvensis-phcentcea Q x 
varulea in which the first flower had one-tenth of the corolla — t.c., one-half of 
one petal — blue, while the rest was red, and all the ftbsequent flowers were red. 
Ho did not, however, carry his experiments on to the /, generation, and so did 
not observe the complete segregation of the two forms. 

Gaertner, on the other hand (* Bastardenerzeugung,' 1849), states that the two 
forms do not produce fertile seed when crossed. In this connection it may be men- 
tioned that a blue form sent me by Dr. Berger, of La Mortola, cannot be crossed 
with the ordinary red form. Other characters, too, seem to indicate that this 
Southern blue form may be. a different species. Tho hybrid described by Porfler 
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(‘Verb, der Zool.,bot. Gead.’ Wien. 1903) an AnagtOlit art-emw^rtfulea^end 
which waa conaidorably" paler thaii,p^6B?iic€c*, may have been a hybrid of tite^palee 
form ( 4 . 4 . carnea) with the blue pimpernel. 


5. Futther Observations on InherUance in Primula ainensis.*^ 
By E. P. OpEGORY, M*A. 


6. Sand-dunes and Golf-links. By Professor F. 0. Bower, F.R.8. 


MONDAY, SEPTEMBER 5. 

Joird Discussion with Sections B and I on the Biochemistry of Respirations 

See p. 762. 


The following Papers word read in Section K ; — 

1. Note on Ophioglossum palmatum. By Professor F. 0. Bower, F.R.S. 

It hae already been shown that Ophioglossum pendulum and simplex (included 
in section Ophioderma) differ from others of the OphioglossaccsQ in the fact that 
the leaf -trace consists not of a single strand, but of more than one. It is true 
that in BotrjycMumy and less prominently in IlelminthostachySy the single strand 
soon divides; but in both of these and in Eu-ophioglossum the leaf-supply is 
inserted as a single strand. 

It was thought probable that 0. palmatum (the only species of section Cheiro- 
glossa) would share with the species above named the character of a divided trace, 
and material collected in Jamaica has shown that it does. The axis is much 
distended by parenchymatous storage tissue in pith and cortex, and as a conse- 
quence the meshes of the stele are transversely widened. From their margins 
right and left, but not quite simultaneously, arise two strap-shaped strands, 
which are thus widely apart in* their origin. After subdivision into numerous 
smaller strands, these range themselves into two fan-like semicircles, which 
spread till their margins meet, forming the circle of strands of the petiole.® 

A remarkable feature of the st^k is the intrusion of root,, into tljc bulky 
pith; this fs especially obvious towards the base, where they pass out as thick 
mycorhizic roots. 

Comparative study of leptosporangiate ferns has shown that the single strand 
is a primitive, and the divided strand a derivjitive, type of leaf-trace. If this 
hold also for the Ophioglossacen? then the section Ophioderma and Cheiroglossa 
are in this feature derivative as compared with the rest of the family. This con- 
clusion is in accord with comparison on other grounds, whichever view be taken 
of the origin and affinities of the family — ^whether from early Filicales or from 
some such source as the 8phenophy Hales. In either case their characters of ex- 
ternal morphology indicate 0. pendulum, simplex, and palmatum as extreme and 
specialised types,® and this estimate of them is now supported by the detail of 
insertion of the leaf-trace. 


2. On Two Synthetic Genera of Filicales. 

By Professor F. 0. Bower, F.R.S. 

In a recent paper on the genus Plagiogyria * it has been shown that this type 
is certainly a substantive genus, quite distinct from Lomaria, with which it was 

^ Published in the Journal of Oenetics, vol. i., p. 1, 1010. 

^ Compare Annals of BMny, voL xviii., pi. xv., figs. 14, 18. 

^ Ibid. vol. xviii., p. 205, vol. xxii., p. 327. 

* Annals of Botany, 1910, p. 423. 
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ranked by »Sir \V. Hooker, iind that it occupies an important iniermediaie posi- 
tion, throwing light upon the phylogeny of certain ferns. Its stelar character, 
only slightly removed from solenostely, its undivided leaf -trace, its simple forked 
venation, occasional dichotomy of axis, absence of flattened scales, absence of a 
true indusium, its sorus initially simple but showing later a ‘ mixed * character, 
the segmentation of the sporangium, its thick stalk, oblique annulus, indeter- 
minate stomium, and tetrahedral spores collectively indicate it as relatively 
primitive. It shows rescmblanrcs to all the great series of Simpliccs, but not to 
any one of them so clearly as to point to close aflinity. Its position is probably 
in relation to the GleicheniacenB and SrhizoeaceaB, and perhaps specially to thj 
latter. On the other hand, the * mixed * character of the sorus, together with 
many of the features above named, points towards the Pteridea). But these have 
a vortical annulus, while that of the Plagiogyria is oblique. This distinction is, 
however, bridged over by the fact that in Gryptogramme (with which Plagiogyria 
has been inssociated systematically by Diels^J traces of an oblique annulus are 
clearly seen The sporangia are far from uniform in their details ; the series of 
cells of the annulus may be at times irregular or broken ; isolated cells of the wall 
may bo indurated like cells of the annulus; sometimes the annulus may appear 
vortical and intcrniptcd at the stalk, but at others it can be traced clearly past 
the insertion of the stalk. These facts indicate Cryptogramme as in an unstable 
condition between the oblique and the vertical annulus, and suggest that a real 
transition has occurred from the former as primitive to the latter as a derivative 
state. 

If this bo so, we have outlined a great phylctic sequence from some type of 
Simplices, allied in the neighbourhood of the Schizjoaceai and Gleicheniaceie 
to the whole seqneneco of the Pterideai, which have always been regarded as a 
relatively })rimitive eeries. And this transition appeiirs to have been direct 
from the ‘timple’ to the ‘mixed* isorus without any ‘gradate* condition inter- 
vening. 

Another somewhat similar sequence may bo also recognised, but in this case 
leading to the ‘ gradate ’ sej’ies of Cyatheacese. It starts from the genus Lopho^ 
soria, repre.sentod by ihc single species h. pruiiiata (Pr.) designated by Christ 
AUophila qiiadripinnata (Gmol.), C.Chr., and long merged in^the genus Alsophila, 
from which it shoidd be separated on various grounds. It is a low-growing 
tree-fern, with luindsome leafage and ])rofurc production of runners from the 
base of the stock. The young parts are covered by hairs, scales being absent. 
The stem shows solenostolic structure, especially in the runners, where the leaves 
are not crowded. The sorus is superficial and naked, of the Gleicheniaceous type, 
all the sporangia arising simultaneously ; the annulus is oblique, but the de- 
hiscence is latcttl, and the spores approxin»..itely 64. Such characters point in 
the diretHion of Glcirhcufa, and especially to the more advanced ty^es of Mrr- 
trnsiay such as O. dir hot tm a and pprtiiinta. These, with O. flahellata as a rela- 
tively ])nmiti\e species, form a rcquencc in which increase of anatomical com- 
plexity'' towards solenostely goes parallel w'ith increase in number of sporangia in 
the sorus and decrease in size and spore-output- of individual sporangia. There 
i.s, however, a decided break between the spovangial details in Gleichenia and 
those of liophoAoria. It is not suggested that Lophosoria is a further term iii 
this series ; but it is suggested that the mechanical possibilities of further elabora- 
tion of the'isorus along the linos of G. pectinata with closo-packcd sporangia and 
median dehiscence were exhausted ; that a new start w'as made by a race which, 
while maintaining the main characters of Gleicliemarecey adopted lateral dehiscence 
and finally a gradate sequence of sporangia; and that Lophoaoria is perhaps the 
most primitive Jiving example of that type. 

On the other hand, the relation of Lophoaoria to Alsophila is obvious; but 
Alsophila bears scales as well as hairs, though the sorus is naked. In Hemitdia 
the scales, in the form of an incomplete indu.sium, imperfectly protect the sorus, 
while in Cyathea the specialisation of the scale for this purpose is perfected in 
the indusium. Such protection became all the more necessary as the * gradate * 
development was assumed. 

It would further appear, if this sequence is correct, that the prostrate position 


^ Bnglor and Prantl. Pflanzenfam., I., 4, p. 279. 
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was probably represented in the earlier terms of this series, and that the upright 
position of the more advanced Cyatheacem was a secondary condition. 

Thus, by the help of the two synthetic genera above named, it becomes 
possible to trace the origin of two great sequences of living ferns along lines more 
or less parallel but distinct : the one leading to a multiplicity of * mixed ’ types 
represented by the Pteridem, the other to some of the most prominent ‘ gi adate * 
types of the Oyathcaceous affinity. And it appears that these may both have 
arisen from types of the ‘Simplices* having affinities with the »ScliiziL*accaj and 
Glei(‘heniace%. 


3. On the Fossil genus Tempskya. 

By R. Kidston, LL.D., F.R,S., and D. T. Gwynne-Vaughan, M.A. 

From the examination of some specially well-preserved Russian petrifactions 
belonging to this genus it may be safely stated that these fossils consist of aggre- 
gates of branching fern stems imbedded in a compact mass of their own inter- 
woven adventitious roots. 

The ‘ false stems ’ thus produced no doubt grew erect as columnar or conical 
structures, attaining a height of nine feet or more. The individual stems are 
only about the thickness of a slate pencil, and they possess a .solencstelic vascular 
systiun. Strange to say, although growing erect, they exhibit a well-marked 
dorsi ventral symmetry, with the leaves all on one side of the s+em and adventi- 
tious roots on the other. 

The existence of a fern possessing this peculiar habit of growth opens the way 
to the suggestion that the strong, erect, arboreal stems of the modern tree-ferns 
may not be a primitive feature of the order. These plants may have been 
derived from forms with a Tempskya-like habit, in which the original axis has 
so greatly surpassed its branches in size and importance that the latter are now 
almost entirely suppressed. As a result we have now a single main axis strong 
enough to grow erect without the additional support of a root coating. 


4. Further Observations on the Fossil Flower, 

By Miss M. C. Stopes, J).Sc., PhD. 

The ovary and perianth of a*‘ petrified flower (Cretorarium japonirumf f^topes 
and Fujii) from the Cretaceous /ocks of Ja]fKin were recently discovered by 
l*rofessor Fujii and the author. The specimens were petrified in concretionary 
nodules, aqd show the cell structur?, but did not cont.ain ovules. ^ 

Another specimen has now been discovered, in which the ovary wall is much 
better preserved, showing an oiitft: fleshy layer as well as tlio sclerosed layer, and 
also containing several ovules. 


5. The Morphology of the Ovule of Gnetum africanum. 

By Mrs. M. G. Thoday. 

In the young ovule the three coverings arise together at the base of the 
nucellus, and the greater portion of the nupellus stands free in the centre of 
the ovule. During later development the region between the two inner coverings 
becomes more and more strctc‘hed, so that the innermost covering arises near the 
apex of the nucellus, and the free portion of the nucellus in the mature seed is 
very .small in proportion to the part developed by intercalary growth. 

The outer covering resembles the bracts in structure, and is hero regarded as 
an extra covering, while the two inner are called integuments, and aro compared 
with the two integuments in W tlwUschia. The middle covering or outer integu- 
ment has a well-developed vascular supply and is traversed by numerous strands 
of fibres reduced higher up to four or five. At thb tip the outer integument 
firmly clasps the micropylar tube, and a transverse section at this level shows the 
four or five strands forming a star oT strongly lignified tissue. 

The inner integument is formed of thin walled tissue, and in the young ovule 
strands of meristem run up into it for some distance above the base ; when the 

3 I 2 
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xylem of the lower portions of these etrande is lignified the ligiiification seldom 
extends beyond the base of tiio integument, but sometimes one or more spirally 
thickened tracheids aio found running up into it. The tip (>f the inner integu^ 
monl forms the mioropylar tube, traversed by a slit-liko niiuropyle; there is an 
external ridgedike outgrowth ffom the tube which turns back and fits tightly 
over the top of th© middle covering. 

The embryo sac is developed between the levels of origin of tlie two inner 
coverings and grows as the intervening region stretches. It projects into the free 
portion of the nurellus. A well -developed pollen chamber is present in the young 
o\ ule. As it decays the nucellar tissue below it becomes lignified and forms a 
hard beak. 

The radial structure of the seed, the pre^ienre of a fiollen chamber, and the 
small development of the free portion of the nucelliis are all points of striking 
contrast to Welwifschiny and probably point to the more primitive character of 
the Cinetim ovule. Tho two integuments in both sced.s arc compared with the 
two integiunenLs of Lagenostomay the vascular system of tho inner integument 
liaving siifferod considerable reduction. 


1 6. On the Diversity of Structures termed Pollen-Chamhers, 

By Professor F. W. Oliver, i\R.S. 

The object ol this paper was to show that in several of the lesser-known 
fossil-seeds of Coal Measure time,s (Conostoina ohlontjumy 6'. avglo-f/erviafiicum , 
and perhaps Gnetopsis), belonging in all probability to the Lyginodendreae 
section of Pteridosperms, the structure of the nucellar apex was much more 
complex than in either Latjenostoma or Physosfoma. This elaboration arose 
through the excavation of the plinth below the ordinary pollen-chamber, so 
that a second chamber was provided into which the pollen was received and 
in which it doubtle.ss matured the male gametes. The upi)or chamber, evidently 
iiomologuus with the pollen- chamber of Lagenostoinay is thus vestigial in char- 
acter. Tho pollen-chambers of Trigomcarpus and other seeds attributed to 
tho Mcdullosao section of Ptoridospenns, and also those of Ginkgo and recent 
Cycads, were considered from this point of view, and the suggestion was made 
that perhaps the nucellar beak might also be a vestigial primary pollen-chamber 
which had become functionally replaced by a deeper-seated cavity, in which the 
pollen grains pursued their further development? 


7. On the Stock of Isoetcs. By Professor William H. Lanl, D.Sc. 

A re-examination of the anatomy of the stdek of IsoiiUs has confirmed the 
view of Von Mohl that the roote are borne in regular order on a downwardly 
growing region. The root-bearing region of the stelo is not due to .secondary 
modification of the base of the llaf -bearing pi rtion, but is, from tho first, a 
distinct region. 

The apex of the stem is well known io be seated in a deep depression, and 
the so-called secondary growth of the cortex is required to carry out the leaves 
from the central region and thus leave room for new leaves to arise. The 
basal root-bearing region of the plant corro.sponds to such a depressed a])ex 
with tho root-bearing surfaces facing one another and congenitally united. 
The grooves separating the lobes of the stock come apart by the separation of 
these united surfaces, and this continued process of splitting brings the young 
roots to a free surface. 

While greatly modified by the slow and stunted growth of both the leaf- 
bearing and root-bearing regions of the stock, the whole axis of the IsoHes 
plant can be compared with that of Lepidodendron or Phuromeia, The root- 
bearing region appears to be strictly comparable with the Stigmarian base of 
these plants. Such a comparison, though neglected of late years, was made by 
Williamson in his monograph on Stigmaria,t 



TRANSACTIONS OF SECTION K. 786 

TUESDAY, SEPTEMBER 6. 

The following Papers were read : — 

1. The Paths of Translocation of Si^jars from Green Leaves, 

By S. Mangham, B,A. 

The primary object of (his research, undertaken at the suggestion of Mr. A. G. 
Tansley, is the reinvestigation of the paths taken by the sugars during the 
translocation from the leaves of green plants. Habcrlandt,* from anatomical 
considerations, and Schimper,* from the results of microchemical investigations, 
concluded that the sugars travel in the parenchyma ions bundle sheaths of the 
leaf veins — the ‘conducting sheaths.’ Czapek,^ how^ever, put forward the theory 
that while diffusion goes on in all living parenchymatous cells, yet for compara- 
tively rapid translociition over long distances the sieve tubes furnish the solo 
paths for the assimilates as a whole. Haberlandt^ considered Czapek’s evidence 
insufficient to warrant his conclusions, and attached greater importance to 
Schimper’s experiments. 

Both Czapek and Schimper employed Fehling’s solution as a test for reducing 
sugars, a method open to the objections that the reagent is reduced by organic 
substances other than sugars present in the plant, that a good deal of diffusion 
of cell contents goes on in the hot aqueous solution, and that the small granules of 
copper oxide precipitated are not always easy to observe. 

A very much better sugar tect is to be found in the precipitation of yellow 
osazones in the manner introduced by Senft.® Using this method 1 have secured 
photomicrogrjiphs showing the distribution of osazones after the tissues had been 
subjected to known experimental conditions. Long longitudinal sections of veins, 
cut and exa/nined after darkening leaves for suitable periods, showed the distal 
ends free from osazones. Further down these appeared, as soon in the sieve 
tubes as in the surrounding parenchyma, while near the base the sieve tubes stood 
out clearly, on account of the abundance of the contained osazones. Experi- 
ments with pure sugar solutions have shown that to some extent it is possible to 
distinguish between sugars, and the method is accordingly being used to study 
the changes undergone by carbohydrates in darkness. 

The results so far obtained indicate (1) that the sieve tubes provide the main 
paths for the removal of free sugars from the lamina, and (2) that both monoses 
and bioses travel in the sieve Uibes. . 

Some results suggest that there is a periodicity in the translocation of free 
sugars, and this point is undergoing further investigation. The work is in course 
of G.vtonsion to the gymnosperms a*id lower vascular plants, an ^ it is hoped later 
on to Gxabiino the sieve tubes of some of the larger aigau by means of the same 
sugar test. 

2. Assimilation and Tranislocalion under Natural Conditions, 

By D. Thoday, M,A. 

Detached leaves of Heliani/ius annuus in very bright diffuse light were found 
to increase in dry weight at the comparatively low rate of 6 ing. per square 
decim. per hour, whereas in bright sunshine, even under a canvas screen, the 
rate previously observed had been 17 mg. 

Attached leaves showed a smaller rate of increase than detached leaves, 
but the difference w^as dess in diffuse light than in sunshine, and in dull light 
practically nil. The full explanation of these facts is still to be sought, but 
translocation is probably the prime factor concerned : in one experiment a 
detached leaf which was rather limp increased in dry weight as rapidly as 
attached leaves, which gave readings with the horn hygroscope three or four 
times as high. 


' Pringsh, Jahrh., 1882. 

Bot. ZeiL, 1885. 

« SUz, Akad. Whn, 1897. 

^ Phyaiologische Pflanzenanatomie, 1901, p. 350. 
® Sitz, Akad, Wien, 1904. 
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3. On a New Method of Observing Stomata. 
By Francis Darwin, D.Sc., F.B.S. 


4. Germination Conditions and the Vitality of Seeds. 
By Miss N. Darwin and Dr. F. F. Blackman, F.R.S. 


5. The Absorption of Water by certain Leguminous Seeds. 

By A. S. Horne, B.Sc., F.G.8. ^ 

This paper dealt with some of the problems connected with the swelling of 
cultivated leguminous seeds under different experimental conditions in the light 
of a knowledge of their anatomy. The trough-like organ figured by Nobbo in 
‘ Handbuch dcr Samenkundo* is a secondary development, at least, in the 
lupine, and, although apparently adapted for the admission of water, did not 
function in this capacity under the circumstanccet of the experiments described. 
The shape of the trough is a distinctive character in certain peas used by 
Mr. A. 1). Darbishiro for breeding cxpeinments — c.//., the bean pea. Express 
pea, &c. 

lYi each experiment a numlier of single seeds was used, and weights and 
volumes, or both weights and volumes, determined over short intervals of time 
for continuous periods of twenty- four hours or more, so that the behaviour of each 
seed couhl bo represented by a curve. The curves obtained for submerged seeds 
with closed micropylo in some genera— c.j/., Vivia Faha — differ considerably from 
the curves for unsealed seeds. The use of the micropyle, however, for the 
a'-’niission of water w'oxild probably not occur normally in Nature. In every case, 
directly the seed commenced to absorb, water entered continuously through the 
seed-coat. Distinctive curve-forms have been obtained for different varieties of 
tlij lupine— e.(7., white, yellow, and blue —and for Mcndelian peas— r.r/., round 
and wrinkled pcae, the bean pea and Express. 

The results obfiftined by keeping absorbing seeds at difVerent temperatures 
were complex, the variability depending upon different combinations of variable 
factors, such as the use of the micropyle, the properties of the seed-coat, and 
I ho behaviour of the embryo. The data resulting from experiments of this kind 
may bo conveniently represented by means of dot diagrams, wherein each dot 
coiTcsponds to a definite increase in weight per hour. 

In order to c.omparo the behaviour of certain seed-coat membranes — c.jr., 
srorid bean, scarlet-runner bean, white Dutch runner bean— and other Wmbranes 
ivith respect to osinotically active solutions, numbers of seed>coat osmometers 
(vero made. Keed-coats of the white Dutch nuinor bean proved highly satis- 
factory, the column of liquid rising in the tube against a small initial pressure 
upon the seed-coat in five days to a higher lev^l than it did in the case of the 
pig's bladder membrane in seven or eight days under similar conditions. 

These experiments were carried out with the assistance of Miss S. Goull, B.SOrjf 
and Mr. J. W. Holzapfel, B.Sc. 


WEDNESDAY, SEPTEMBER 7. 

The following Papers and Reports were read : — 

1. The Association of certain Endophytic Cyanophycecs and Nitrogen- fixing 
Bacteria. By Professor W. B. Bottomlby, M.A. 

Recent investigation of the root-tubercles of Cycas^ has demonstrated that 
the nitrogen-fixing bacteria Pseudomonas and Azotobacter are always found in 
association with Anabaena in the algal zone of ihe root-tubercles. Examination of 

* Proc. Roy. Soc,, B., vol. viil„ p. 287,' 
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the Ahabsena spacee of Azolla leaves^ and the Nostoc cavities in Anthoceros thallus 
shows a similar association of the alga with nitrogen-fixing bacteria in these 
plants. In thin microtome preparations fixed with Bonin’s fixative, and stained 
with Kiskalt’e amyl grain-stain both Azoiobacter and Pseudomonas can be readily 
identified among the algal threads. A mixed cult arc of the two organisms can l)o 
obtained by crushing some Azolla leaves or Anthoceros thallus on a slide in dis- 
tilled water under sterile conditions, inoculating a solution consisting of water, 
100 c.c. ; mannite, 1 grm. ; maltcose, 1 grm. ; potassium phosphate, 0 5 grm. ; and 
magnesium sulphate, 0*02 grm . ; and incubating at 24® C. for two days. Micro- 
scopical examination with Kiskalt’s amyl grain-stain and Ziel’s carbol fuclisin 
shows the culture to be a mixture of Pseudomonas and Azotobacter. 

Agar plates made by adding 1 grm. of agar-agar to the above nutrient solution, 
and inoculated with a few drops of crushed Azolla leaves or Anthoceros thallus, 
gave in two days the typical round colonies of Azotobacter and ovoid colonies of 
Pseudomonas. It is possible that this association is advantageous to the host 
plant — the alga supplying the necessary carbohydrate for the nitrogen-fixing bac- 
teria, and the host plant absorbing some of the nitrogenous product. 


2. Notes t/ie Disinbution of Halophytes on the Severn Shore. 

By J. 11. Priestlky, B.Sc., F.L.S. 

These notes are the result of a detailed study of a small area on the left 
bank of the »?evcrii between Lyttelton Worth in Gloucestershire and Burnham 
in Somerset. They refer more especially to the pclophilous formations in 
this area. Analyses have been made of the salt content and water content of the 
soils from representative spots within the area, and as a result it has been possible 
to draw certain conclusions as to the connection between drainage and plant zona- 
tion. The plant distribution within the zones showed certain anomalies, but these 
can probably be explained by reference to the soil analyses. 

The general adaptation of the plante of the pelophilous zone to their habitat 
is discussed, and it is siigge.stcd that this fonnation is disappearing somewhat 
rapidly from most pi,rts of this coast. 


3. riant Distribution the Woods of North-East Kent. 

By Malcolm Wilson, B.Sc. 

In this district a largo proportion of the woods is coppice with standards, 
felling taking place about every fourteen years. There is little variatic^i in the 
altitude, and the plant distribution depends chiefly on the character of the soil. 

The following can be distinguished : — 

1. Beech type on the shallow soils of the chalk. The standards are chiefly 
beech, the undershrubs consisting of yew, oak, hazel, Cornus sanguineus, Euony- 
mus euro'peeus, and Ligustrum vulgare. Viola hirta, Verbascum Thapsus, 
Euphorbia amygdaloides, and Mercurialis perennis are abundant. 

2. Ash-hazel type, on the ‘clay with flints* on the chalk. Hornbeam is fic- 
quently found; oak standards are usually present. Mercurialis perennis is 
abundant, wiih Primula vulgaris and ScUla nutans. 

3. Chestnut type on the Thanet sand; usually coppice with chestnut or oak 
standards. Bubus fruticosus is often present. On the deeper deposits Scilla 
nutans is abundant, with Lychnis diurna and Adoxa Moschatellina. .Aspcrula 
odorata and Solidago Virgaurea are characteristic of this formation. 

4. Oak-birch-heather type on the Woolwich and Reading series and on the 
Oldhaven pebble beds. Pinus sylvestris is frequently found here. The ivoods are 
usually thin and open ; heather and bracken are abundant, with LuzuJa pilosa and 
Rumex Acetosella. The soil is usually strongly acid. 

6. Oak type on the London clay ; usually coppice with oak standards. Bracken 
is abundant, and many plants found in woods of the preceding type occur. There 
is usually a sharp distinction between the woods occurring cn the calcareous soils 
and those on the tertiary formations. In the former the soil acidity is slight or 
none, en(j| ^^rcuriaUs perennis is abundant; in the latter the soil is aciq, and 
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Mercuriaiia perennts is absent. Woods of intermediate character are found on 
alluviid. deposits and on the edges of tertiary deposits^ 

On the ‘ clay with flints * the distribution is closely connected with the depth 
of the deposit, and as a result definite zonation. frequently occurs. Analyses to 
determine (i) the percentage o&lime, (ii) the acidity, and (iii) the water content 
in soils of varying depths are being performed. 

Observations have also been made on the distribution of the commoner mosses. 

During the latter years of the coppice growth ‘a deep shade is iiroduced and 
few herbaceous plants occur. Those found can be grouped as : (1) plants little 
or not affected by the shade, which usually flower early in the spring; (2) dwarf 
plants which persist in the vegetative state and rarely flower. 

During this period there is an increase in the amount of humus, probably 
a simultaneous increase in acidity. Analyses are now being made to determine 
these points. 

Felling causes a great increase in the light intensity, and the temperature of 
the surface soil is increased. These changes result in a great increase in the 
number of herbaceous plants. These may be divided into : (1) plants which 
have persisted during the shade period, and many of which now develop 
luxuriantly ; (2) woodland plants unable to exist in the shade period. These 
are largely biennial, but a fe\y annuals and perennials are found. 

The maximum development of herbaceous plants is reached during the third 
this they gradually diminish, on account of ihe incrcji.'^e of shade. 

1 he ^.hade condition of the vegetation is reached by about the tenth year. 

4. Report on tlus Survey of Clare Island.—See Reports, p. 301. 


5. Report on the Experimental Study of Heredity . — See Reports, p. 300. 


6. Report on^the Structure of Fossil Plants.— Sea Reports, p. 301. 
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Section L.— EDUCATIONAL SCIENCE. 
Prbsipbnt of the Section. — ^Principal H. A. Miers, M.A., F.R.S. 


THVUSDAY, SEPTEMBES 1. 

The President delivered the following Address : — 

To preside over this Section is to incur a responsibility which I confess somewhat 
alarms me; for the President may, by virtue of his temporary office, bo regarded 
as speaking with authority on the subjects with which he deals. Now, it is my 
desire to speak about University education, and for this purpose 1 must say 
something of school education ; but I would have it understood that I really know 
little about the actual conduct of modem school teaching. One may read books 
which describe how it should be’ conducted, but this is a very different thing from 
seeing and hearing tho teacher in his class; and I fear that personal recollections 
of what teaching in preparatory and public schools was like from thirty to forty 
years ago do not qualify one to pose ai5 an intelligent critic of the methods which 
now prevail. 

Human nature, however, has not changed much in tho last forty years, Jind if, 
in considering the relations between University and school education, I can confine 
myself to general principles, based upon tho difference between boys and men, I 
trust that 1 may not go far wrong. 

I propose first to consider gome general relations between teachers and their 
pupils, and then explain what, in my opinion, should be the change in the 
method of tesiching, or at any rate in the attitudo of teaclier to pupil, which should 
take place vrhen the scene changes ^om school to University. 

First af to general relatione between teachers and their pupils. ^ 

Educational systems necessarily prescribe the same methods for different 
teachers, and, being made for llic ma.ss, ignore the individual. Jlut happily, in 
spite of the attempts to formulate methods of instruction and to make ))recise 
systems, there are many, and those perhaps some of the most successful, in the 
army of earnest school teachers who are elaborating their own methods. 

Now among all the changes and varieties of system and curriculum there is 
one factor which remains permanent and which is universally confessed to be of 
paramount importance — the individuality of the teacher and his perscmal infiuem e 
upon the pupil. It is therefore a healthy sign when school teachers who have 
been trained on one system begin to develop their own methods, for in this they 
are asserting their individuality and .strengthening that personal influence whi'. h 
is the real mainspring of all successful education. 

Personal influence is, of course, not only a matter of intellectual attainments ; 
it appears to me, however, that at the present time so much is made of the duty 
of schools to aim at the formation of character that there is an unfortunate 
tendency to regard this duty as something distinct from the other functions of 
a master, and as independent of intellectual qualifications. Among the first 
qualities now demanded of a master in a public school for boys are manliness, 
athletic skill, and a hearty and healthy personality, and tho.se are often regarded 
as compensating for some lack of intellectual equipment. J suspect that thoro is 
a similar tendency in schools for girls. And yet T think it will be found that 
the only permanent personal influence is really wielded by teachers who exercise 
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it through intellectual channels, and that those who acquire intellectual authority 
will generally succeed in training the characters as well as the minds ox their pupil^ 

On the other hand, the master who is not up to the proper intellectual s^dard 
will soon be found out by b?s cleverer pupils, and will lose influence, whatever 
may be the charm of his charactef. 

The formation of character, ro far as it can be distinguished from intellectual 
training, is largely worked out by the boys themselves in any public school m 
which healthy tradition and a souqid moral atmosphere are maintained, although it 
is true that these traditions depend upon the character and personality of the 
teachers. 

The educational value of the personal and intimate association with one and 
the same teacher throughout the school or University career is officially recognised 
in the tutorial system at Kton, Oxford, and Cambridge. It has generally led to 
excellent results, provided that the tutor possesses the right qualities and that 
pupil and tutor do not happen to be two incompatible personalities; but the 
results may bo well-nigh disastrous where there happens to be antagonism 
between the two, or where the tutor does not realise his opportunities and 
responsibilities. T have known scn)e tutors who only eKcitc«l a distaste for learn- 
ing in their pupils, and others who entirely neglected or abused the high trust 
which had been committed to them; hut far more, I am glad to say, who havo 
not only exercised the most profound influence for good on their bettor and 
cleverer pupils, but also inspired intellectual interest in the most unpromising of 
them. Although *sach a tutorial system docs not enter fully into the scheme of 
other schools and Universities, and therefore a student docs not ii.‘?ually remain 
long under any one teacher, it must ho within the experience of most persons to 
havo come for a time at least under the influence of a teacher who has inspired 
real enthusiasm for learning and from whose lips the instruction, that might from 
others have been a trial, has become an intellcM’tual treat. 

It is given to comparatively few to exert this powerful and subtle influence 
in a high degree, for it is a gift confined to a few rare natures. All the more 
important is it, therefore, to ensure that an ctTcctive personal influence may 
play it-, part in the intercourse between ordinary tcac:hers and ordinary pupils in 
the customary routine of school and University life. 

How, then, is the proper personal and sympathetic relation to bo established 
between teacher and pupil, so that the individuality of the one may call out the 
character and the effort of the other ? Those who enquire of their earliest school 
reminiscences will probably recollect that the teachers who obtained a real hold 
upon them did so by virtue of the power which they possessed of arousing their 
intellectual interCjpt. I would ask you for a poment to analyse the character of 
this interest. ^ 

In the young child I believe that it will be found to be mainly that of novelty : 
v;ith him ‘this way and that dividing the swift mind,* sustained thought, or 
even sustained attention, has not yet become possible ; the inquisitive and acquisi- 
tive faculties are strong; and every new impression awakens the interest by its 
novelty quite apart from its purpose. You ha/e only to watch and see how 
impossible it is for a young child to keep its attention fixed even upon a game 
such as cricket or football to realise how still more dilficult it is to keep his 
attention fix,ed upon an intellectual purpose. 

To quite young children, except to those who are unfortunately precocious, 
even an impending examination is hot a permanent object of anxiety. 

Now contrast the aimless interest which can be aroused in any young child's 
mind by the pleasure of a new impression, a new activity, or a new idea, with that 
which appeals, or should appeal, to the mote mature intellect of an older student. 
With him it is not enough that the impression or the idea should be new; if it is 
to arouse interest it must also direct his mind to a purpose. This is to him the 
effective interest of his games or sport; in the game the desire to succeed or to 
win is the animating purpose, just as the expectation of catching a fish is the 
interest which keeps the angler’s attention fixed for hours upon his line. In both 
the desire is fostered by the imagination, which maintains a definite purpose before 
the mind. 

It is sometimes forgotten that as he grows the pupil is no longer * an infant 
crying for the light/ but bae become a man, with ‘ splendid purpose in hia eyes/ ' 



PBKSIDEMTUL AODBBSS. 


791 


While, therefore, it ilhould be the idtn o( a teacher ot yoamg dD^Odten. to a^ 

, 4k. nf 41ukii> lAKuine in en nttnniivo meaBBr. eo theftr ttaft 


I afk you to bear this distinction in mind, for »* “ * fT!wBtfn^ 

guide ns in differentiating University methods from school ^th(^ « 

The distinction need not involve us in a discuwion of the Ziw-Angaoe in 
elementary education, for that is rather a question of keeping the interest all vo 
during each lesson than of maintaining a permanent purpose in view throughout a 


course. 

The much discussed Heuristic method as applied to very young children does, 
no doubt, fulfil this object so far as it provides the inquisitive mind with novelty 
instead of a set task, but so far as it makes the purpose more prominent than 
the process it may become a method more siiitecNEo the adolescent or the adult 
mind than to that of the young child. 

I can fully realise that a most diflicult and anxious tilho for the teacher must 
be that of the maturing intellect, in the interval between childhood and the close 
of the school career, when the method and spirit of the teaching must to some 
extent gradually change with tho changing mental characteristics of the pupil. 
But, whatever may be tho right methods of teaching children of ten and young 
men and women of twenty, many of our failures are due to one or both of two 
prevalent mistakes : the first, the mistake of teaching children by methods that 
are too advanced; the seconri, that of teaching University students by methods 
that are better adapted for school children. It is with the latter that I wish to 
deal in this address; but we may in passing remind ourselves that when young 
men and young women are sent straight from the University to teach children 
with nothing but their University experience to guide them, it is not surprising 
that they often proceed at first on wrong lines and as though they were dealing 
with University ftudents. 

The difficulty of*’divesting oneself of the menial attitude and the form of 
expression familiar in University circles, if one is lo become intelligible oven to 
the higher classes in a school, is betrayed by the unsatisfactory nature of many 
of the papers set by University ^aminers to school children. The teachers com- 
plain, and rightly complain, that there Is often an academic style and form about 
them which just make them entirely unsuitable for the child. 

It is, of course, hopeful that a (jiploma in pedagogy or sory evidence that 
they have ipceived instruction in method is now generally required those 
who are to become teachers in echools. It seems to me, however, somewhat 
curious that, while efforts are now being made to give iiiftruction in educational 
method to euch persons, no similar effort is made to give Instruction in more 
advanced methods to those who are called upon at the close of their under- 
graduate career to become Univeisity teachers, and that in consequence many of 
them have no method at all. 


This may be a matter of comparatively small importance to those who possess 
not only the necessary knowledge, but also the natural gift of personid influence 
and the power of inspiring those whom they teach. But for those who are not 
blessed with these powers it may be almost as difficult to fall into the ways of 
sncce.nBful University instruction after the sudden transformation from student 
into teacher as it is for thoee who become teachers in schools. 

Granting, then, that there should be a radical difference between the ways of 
school and University teaching, and that there is at present an unfortunate 
overlapping between the two, let me next consider how the distinction between 
the intellectual interest of a child and the intellectual interest of a man may 
guide us in adjusting our methods of teaching when students pass from school to 
the University. 

A tenable, perhaps even a prevalent, view concerning a liberal school education 
is that its chief purpose is not so mueh to impart knowledge as to train the mind ; 
indeed, some teachers, influenced, perhaps, in the first instance by the views of 
Plato, go 80 far as to thjnk that no subject which is dearly of direct practical 
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use should be taught as such at school. This view they would carry to the extent 
of excluding many obviously appropriate subjects from the school curriculum, 
whereas almost any subject may be* made an intellectual training; this being a 
question not of subject, but of the manner in which it is taught. In any event, 
if the scheme of intellectual training be adequately fulfilled, the period of mental 
discipline should come to an end with the close of school life, and the mind 
vhoiild then be able to enter upon new studies and to assin)ilatc fresh knowledge 
without a prolonged continuation of preparatory courses. Indeed, the professed 
object of entrance examinations to the University is to exclude those whose minds 
are not prepared to benefit by a course of University study, and to admit only 
thase who are sufiiciently equipped by previous training to do so. An entrance 
examination then should not be merely a test of whether a boy or girl has learnt 
suilicient of certain subjects to continue those subjects in particular at the 
University ; and yet it has unfortunately come to be regarded more and more as 
performing this function instead of being regarded as a test whether the student 
is generally fit to enter upon any University coiir.se. The result is that an 
entrance examination tends tb become a test of knowledge rather than a test 
of general intelligence ; merely one in an organised scries of examinations which 
endeavour to ascertain "The advancing proficiency in a limited number of subjects, 
and therefore tend really to encourage specialisation. Specialisation is not to bo 
prevented by insisting on a considerable number of subjects, but rather by teach- 
ing even one subject in a wide spirit. Another result is that the entrance examina- 
tion belongs pro‘perly neither to the school course nor to the University course ; if it 
is taken at the age of sixteen the remainder of the school career tends to be devoted 
to University work, which should not really be done at school ; if it is taken after 
leaving school this means that work is being done at, or in connection with, 
the University which ought to bo done at school. It is certainly true that for 
various reasons a va.st deal of education is now being carried on at the Universities 
which should belong to school life, and moreover is being carried on by methods 
which are identical with those pursued at school. It is equally true that, owing 
to the early age at which matriculation examinations or their equivalents may bo 
taken, many schools are now asking that at the age of eighh^n or nineteen a 
school examination may be held which shall be an equivalent* not for matriculation, 
but for the first degree examination at tho Univcr.sity. This would really imply 
that schools should be rccogni.sed as doing University work for two years of their 
pupils’ careers — surely a most illogical procedure and one which supports niy 
contention that there is now very .serious overlapping, for it a.ssumes that the work 
for the first degree examination can be carried on cither at the school or tho 
Univer.sity, and therefore that there is no cyffereuce in the methods of the two. 

An iacreasing number of candidates actually present themselve.s frpm secondary 
schools for the external intermediate examination of the University of London; 
in 1904 there were about 150, in 1909 there were nearly 500 such candidates. 

There will always be exceptional boys and girls who reach a University 
standard, both of attainments and intelligence, long before they arrive at tho 
ordinary .school-leaving age. Let them eitL’er leave school and begin their 
University career early, or let them, if they remain at school, widen their know* 
ledge by including subjects which are not .supplied by the more rigid school 
curriculuqr designed for the average pupils; but let them not cea.se to be taught 
as school pupils. It is equally certain that there will also be boys<ond girls whose 
development is so slow that they barely reach the University standard when they 
leave school ; yet some among them are the best possible material and achieve the 
greatest .success in the'end. For such persons an entrance examination will be 
required at the age of eighteen or nineteen; but I think it is unfortunate that 
this should be the same as that which quicker pupils can pass at the age* of 
sixteen or seventeen, for an examination designed for the one age can scarcely be 
quite satisfactory for the other. 

I confess that the whole matter is inextricably involved with the question of 
University entrance examinations. But to enter upon this here would carry us 
beyond the limits that I have laid down for myself, and it will be more profitable 
to decide what should be done at school and the University respectively before 
discussing how tho examinations are to be adapted to our purpose. It will be 
sufficient for me to say that I have been led to the conclusion that matriculation 
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o)catriinaiioiis should be designed to suit the capacity of average pupils not less 
than seventeen years of age, if they are to test the intelligence of those wdio arc 
ready to enter upon a University course. 

Starting, then, with the principle that the period of mental discipline is closed 
at the end of the school career, and that those wlio pass to the University come 
with fair mental training and sufficient intelligence, let me inquire what should 
be the relation of University teaching to that which the student has received at 
school. 

Under present conditions the schools which aim at sending students to the 
Universities endeavour to give a general education which will fit their pupils to 
enter either upon a University course or upon whatever profession or occupation 
they may select on leaving school. They do not confine the teaching of any pupil 
to preparation for a special profession or occupation, and they do not generally 
encourage special preparation for tho University. 

Now contrast what happens to the pupils leaving such a school to enter a 
profession or business with what happens to those who proceed to the University. 
The former pass into an entirely different atniospherc; they are no longer 
occupied with exercises and preparatory courses which serve a dieciplinary pur- 
pose; they are brought face to face with the realities of their business or pro- 
fession, and, though they have to gain their experience by beginning at the 
lower or more elementary stages, they do actually and at once take part in it. 

The University student, on the other hand, too often continues what he did 
at school; he m(ay attend lectures instead of the school class, but neither the 
method nor the material need differ much from what he has already done. 
Should not tho break with school be as complete for him as for his school-fellow 
who goes into business ? Should he not be brought face to face with the actualities 
of learning? After his years of preparation and mental drill at school should 
he not, under the direction of his University teachers, appreciate the purpose of 
his work and share the responsibility of it? 

Let me take, as an illustration, the subject of History. A public school boy 
who comes to the University and takes up tho study of history should learn at once 
how to use tho original sources. It will, of course, be easier for him if he has 
learnt tho rudiments'* of history and become interested in the subject at school; 
but, if he is really keen upon his University work, it should not be absolutely 
necessary for him to have learnt any history whatever. In any case, if he 
has received a good general cdu^'ation and has reached the standard of intelli- 
gence required for University work, he ought to be able to enter at once upon 
tho intelligent study of history at first-hand ; his teachers will make it their duty 
to show him how to do this; they lectures and seminars wijl illustrate the 
methods of 'independent study, and will make the need of them clear to lYim. If, 
as is probable, some acquaintance with one or more foreign languages be neces- 
sary, he will take instruction in them as an essential part of his history course, in 
order that he may iccquiro the needful working knowledge; and to learn some- 
thing of them with a definite purpose will be to him far more interesting and 
profitable than to study them onljjf for linguistic training, as he would have been 
compelled to do at school. After all this is what would be done by his school- 
fellow who goes into business and finds it necessary, and probably also interest- 
ing, to acquire sojne knowledge of the particular foreign language nequired in 
the correspondence of his firm. It will, of course, be all the better for a Univer- 
sity student of history to have acquired some training at school in the rudiments 
of history both ancient and modern, together with the knowledge of classics 
which is necessary for the former, and of modern languages which is necessary 
for the latter. But there is not space in the school curriculum for all the subjects 
that may be required either for the University or for the business of life; the 
best that can be done is to give a good^all-round training and to foster a marked 
taste or ability where it exists by allowing the boy or girl to include the subjects 
which are most congenial to them in the studies of their last two years of school 
life, as I have already suggested, provided that mere specialisation is not 
encouraged at school even towards the end of the school career. 

The University course might theft become a more complete specialisation, but 
of a broad character — ^the study of a special subject in its wider aspects, and 
with the help of all the other knowledge which may be necessary to that purpose. 
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The University teacher will also differ from the school teacher in his methods, 
for it will be his business not so much to teach history as to teach his pupil so 
to learn and study history as though it were his purpose to Income an historian ; 
in so doing he will have opportunities to explain his own views and to contrast 
them with those of other authorities, and so to express his individuality as a 
University teacher should. 

One might choose any other subject as an illustration. In science there should 
be all the difference between the school exercises, on the one hand, which teach 
the pupil the methods of exi^erinient, illustrate the principles laid down in his 
text-books, and exercise his mind in scientific reasoning, and, on the other hand, 
the University training, which sets him on a course involving the methods of 
the classical researches of great inveetigators and a study of the original papers 
in which they are contained, illuminated by llic views of his own teacher. He 
also should awaken to the necessity of modern languages. A boy ivho, on leaving 
school, passes not to the scientific laboratories of a University, but to a scientific 
assistantship in a business or Government department, will very soon find it 
necessary to go to the original sources and acquire a working knowledge of 
foreign languages. It is regrettable that under existing conditions a scientific 
student sometimes passes through his University without acquiring even this 
necessary equipment. I believe this. to be largely due to the fact that he is com- 
pelled to spend so much of his time in preparatory work of a school character 
liuring the early stages of his University career. 

In the literacy subjects, and especially in classics, there is, of course, not the 
same scope for the spirit of investigation which it is so easy to encourage in 
experimental science. Here the only new advances and discoveries which can 
appeal to the imagination in quite the same way are those which are being made 
every year in the field of archaeology, and it is therefore not surprising that this 
subject attracts many of the most ardent students : the methods of the archae- 
ologist are more akin to those of the scientific investigator, and his work is 
accompanied by the same enthralling excitement of possible discovery. For the 
mure able pupils and those who had a natural taste for language and literature 
no subjects have been more thoroughly and syslematically taught for very many 
years at school, as well as at the University, than the classics; but for the less 
intellectual children or those who had no natural taste for such studies no methods 
could well be more unsuitable than those which used to prevail at schools. The 
grammatical rules and exceptions, the unintelligent and uncouth translation, the 
dry comparison of parallel passages, the mechanical construction of Greek and 
Latin verse, produced in many irdiids nothing but distaste for the finest literature 
that exists. 

With the improved methods now in use Greek and Latin may and arc, 
presented to the ordinary boy and girl as living literature and history, and 
.school training in them may be made a.s interesting as anything else in the 
curriculum. Upon such a foundation the University should .surely be able to 
build a course devoted to liter.iry, philosophical, historical, or philological learn- 
ing even for the average student, provided that! ho University teacher undertakes 
the task of helping his pupils to learn for themselves, and to pursue their studies 
with a purpose, not merely as a preparation. 

Tlie spirit of inquiry which drives the literary student to find for himself tlie 
meaning of an author by study and by comparison of the vio\Vs of others is 
really the same spirit of inquiry which drives the scientific student to interpret 
an experiment, or the mathematical student to solve a problem. Only by kindling 
the spirit of inquiry can teaching of a real University character lie carried on. 
Give it what name you will, and exercise it in whatever manner you desire, 
there is no subject of study to which it cannot be applied, and there are no 
intelligent minds in which it cannot be ox(^ted. 

The first question which a University teacher should ask himself is, 'Am I 
rousing a spirit of inquiry in my pupils ? ' And if this cannot be answered in 
the affirmative it is a confession that the University ideid is not being realised. 

Some assert that this principle should also guide school education, and that 
it should be the first aim of the school teaclibr to stimulate the spirit of inquiry. 
My own view is that with young children this should be less necessary; they all 
possess it, and are by nature inquisitive. It should rather be the object of 



mSlBSKTlAL ADDReSd. 


795 


the teacher not to spoil the spirit of inquiry by allowing it to run riot, nor to 
stifle it by making the work uninteresting; if the lesson interests them, their 
inquisitive minds will be quick enough to assimilate the teaching. We are, in fact, 
brought back to what 1 have already emphasised — that the real difference between 
the inquisitive mind of the child and the inquiring mind of the adult is that the 
former is yearning for information quite regardless of what it may lead to, 
whereas the latter must learn or investigate with an object if the interest is to 
be excited and maintained. 

1 have often thought it an interesting parallel that among original investigators 
and researchers there arc two quite distinct types of mind, which have achieved 
equally valuable results. There is the researcher who pursues an investigation with 
a constant purpose and to whom the pur|)ose is the inspiration. Hut there is also 
the investigator who has preserved his youthful enthusiasm for novelty and has 
in some respects the mind of a child; passionately inquisitive, he will always 
seek to do something new, and very often, like a child, he will tire of a line of 
research in which he lias made a discovery, and take up with equal enthusiasm 
a totally different problem in the hope of achieving new conquests. I think that 
a man well known in Sheffield, the late Henry Clifton Sorby, must have been 
a man of this character. The latter is, perhaps, the most fertile type of original 
investigator, but it is not the type that produces the best teacher, except for very 
exceptional and original-minded students; and such teachers do not often found 
a school of learning and research endowed with much stability. For ordinary 
students the investigator wlio pursues his researches as far as •possible to their 
conclusion is the safer guide. 

It seems to me suggestive that there arc to be found, even amongst the 
famous researchers, these two types of mind, that somewhat correspond to the 
mental attitude of the school pupil and the University student. It is as though 
these great' men have preserved a juvenile spirit, some from the days of their 
childhood, others from early manhood. 

It will now be clear that the principle which T am advocating is a very simple 
one, namely, that the business of direct mental training should bo finished at 
school, and that at the University the trained mind should be given material upon 
which to do responjiblc work in the spirit of inquiry. Preparatory exercises 
belong to school life and should be abandoned at the University. 

All this seems so obviou.s that it might appear to be hardly worth saying 
were it not that the methods which actually prevail are so far removed from this 
ideal. ^ 

When, for example, a boy who has not learnt Greek or chemistry fit school 
comes to the University and proposes to take up one of these subjects he is 
generally puf# through a course of exercises which differ in no essential respect from 
those which are set before a boy of twelve. In other words, our TJniversity 
method for the trained mind does not really differ from our school method, which 
is supposed to be adapted to the mind in course of training. Again, boys who 
have been learning certain subjects for years at school, but are weak in them, 
have their education continued rfi tho University in the same subjects by the 
same school methods until they can be brought up to the requirements; of a first 
University examination, which in its character does not differ much from the 
examinations held at school. Where in this process is to bo found, the intro- 
duction of that, spirit of inquiry and investigation which ought to characterise 
the University course? 

It may be asked. In what manner is this change to be introduced, and how is it 
possible under present conditions, where so many students are all pursuing ordinury 
degree courses and have no time or opportunity for special work, to provide 
teachers who can educate them in this spirit, if it is also their duty to get pass 
students through their examinations ? The answer, I think, is that in a University 
the professors and higher teachers should be, without exception, men who, what- 
ever may be their teaching duties, are also actively engaged in investigation. 
Their assistants should be teachers who, even if the whole or part of their time 
is occupied in routine teaching, have yet had some experience in, and possess 
real sympathy with, modern advanced work under such professors. This is 
ordy to be secured by insisting that teachers in a University should all have had 
some experience of original work, and, just as one of the necessary qualifications 
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for an elementary teacher is some education in method, so a necessary qualificaiion 
for a University teacher should be some education iij^ research. Anyone desiro^ 
of qualifying for University teaching should bo compelled to devote a certain 
portion of his student career to research, and the funds of a University 
cannot be better applied than ^o the retention of the better students at the 
University for the distinct purpose of enabling them to pursue investigation 
under the professor for a period of one year after they have completed their 
degree course, if they have not been able to do so during their undergraduate 
(Kiriod. It is not, however, too much to hope that the majority of those who are 
endeavouring to qualify for the higher educational posts will bo assisted to obtain 
this special experience during their degree course. Under the present system at 
most Universities, unless tlie student has been fortunate enough to come in contact 
with a teacher imbued with the spirit of research who is carrying on his own 
investigations, it rarely happens that he has the time or the means which would 
enable him to obtain any insight into the meaning of investigation before he 
leaves to take up teaching work. The need of post-graduate scholarships for this 
purpose is very widely felt, and is now frequently expressed. To insist upon 
such qualifications for all University students is, of course, under present con- 
ditions, impossible ; but there should be no insuperable difficulty in insisting upon 
them for those who are to be allowed to enter a University as teachers. 

Researchers are born, not made, and it is not by any means desirable that all 
University students should be cast adrift to mako new researches and seek dis- 
coveries even under the dirc»ction of experienced teachers and investigators. This 
must depend to some extent upon the character of the pupil as well as of the 
teacher. 

The mere publication of pjipcrs may mean nothing, and much that is dignified 
with the name of research is of no account. To turn a lad on to research, unless 
it be in the right spirit, may be only to set him a new exercise instead of an old 
one; to leave him to prosecute an investigation for himself may be to condemn 
him to disappointment and failure. On the other hand, to carry on any piece 
of work, whether it bo new or old, in the zealous spirit of inquiry, with faith 
in a purpose, is to insure the intellectual interest of the student; and I cannot 
see why this spirit should not animate all University cduoation, whether it be 
accompanied by original research or not. The essential condition is that; the chief 
University teachers should themselves create an atmosphere of investigation. 

So deep-seated is the belief that nothing must be undertaken without a pre- 
paratory course of training that even the best'' and most brilliant students are 
frequently discouraged from undertaking a new study until they have been 
subjected to the mental discipline of an elementary course in it. 

I cannot rc/irain from quoting an cxlimple which came witlyn my own 
experience, although I have already alluded to it in another address delivered 
last year. 

When I was at Oxford a young Frenchman of exceptional ability, whose 
training had been almost exclusively literary and philosophical, and who was at 
the time engaged on a theological inquiry, cxpnDssed to me his regret that he had 
never learnt to understand by practical experience the meaning of scientific work. 
And when I Oissured him that nothing was easier than to acquire practical 
experiencd by taking up a piece of actual investigation under the direction of a 
scientific i^rker, he explained to me that when he had applied fqr admission to 
fVicntific laboratories he had been told that it was useless to clo so until by 
preparatory courses he had acquired an adequate knowledge of mathematics, 
physics, and chemistry. I offered to make the trial with him, and began 
with a problem that happened to inter^t me and that required a new method of 
simple experimental research. I soon found that a well- trained mind, able to 
grasp the meaning of the problem and ^ager to investigate it, could l^gin without 
delay upon the experiments, and in the desire to interpret them could find a 
pleasure and a purpose in seekingj^the necessary chemical and physical knowledge; 
whereas to have begun by acquiring this in a preparatory course, with no definite 
object in view, would have been to set back a mature mind to school methods of 
training and very possibly to have stifled instead of kindling any real scientific 
interest. 

ThU is, again, an illustration of my contention that the most special study, if 
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carried on in the true University spirit, is very far removed from ordinary 
specialisation, and involves very wide extension of interest and learning ; whereas, 
if carried on in a preparatory spirit, it is necessarily limited. 

In a very short time this student had published three original papers which 
seem to me of considerable importance, though perhaps on a somewhat obscure 
subject, and I see that they are now quoted as .narking a substantial advance in 
knowledge. 

Of course this is the exceptional case of the exceptionally able student; but I 
think it illustrates two things — firstly, the prevalence of the conventional attitude 
tliat preparation on school lines is necessary even for the post-graduate student ; 
secondly, the fact that what is really necessary to the University student is 
the purpose, and that with this before his eyes he may safely be introduced to new 
fields of work. 

One result of the conventional attitude is that those who have distinguished 
themselves at school in some subject are often assumed to have a special aptitude 
in it, and to be destined by Nature to pursue the same subject at the University, 
whereas their school success may only prove that they are abler than their fellows, 
and that this ability will show itself in whatever subject they may take up. 
Such students would sometimes on coming to the University be all the better for 
a complete change of subject, without which the continuance of the school studies 
too often means a perpetuation of the school methods. 

Another result is that when teachers are always playing a somewhat mechanical 
part in a systematised courre, receiving duly prepared pupils and preparing them 
again for the next stage, such an atmosphere of preparation is produced that 
many persons continue to spend the greater part of their lives in preparation 
without any reasonable prospect of performance. 

I am well aware that, on the other hand, there always have been and are 
now many earnest and accomplished University teachers who are pursuing the 
methods that I advocate, whose teaching is always inspired with a purpose, 
whose pupils are stimulated to learn in the spirit of inquiry, and who consequently 
exercise a personal influence that is profound and enduring. I am deeply con- 
scious how much I owe to some such teachers with whom I have studied and to 
others whom T have known. But still it docs remain true that this is not yet the 
atmosphere of ordinary University education, that it does not yet invigorate the 
ordinary University student, and that to him the passage from school to the 
University does not necessarily mean a transition from mental discipline and 
preparation to mental activity and performance. 

The distinction that I have iit my mind between University and school teaching 
may be expressed in this way. At school no subject should be taught to a class as 
though it were intended f o be their life work ; to take an example, it too often 
happens at present, owing really to^xcessive zeal on the part c2 school, teachers, 
that mathmatics is taught as though each member of the class were destined to 
become a mathematician ; consequently only the few scholars with a real aptitude 
for mathematics become interested, and the remainder are left behind. On the 
other hand, at the University each subject should be studied as though it really 
were the life work both of teach .^r and student. Thus, to take the same subject 
as an illustration, the mathematical student will attend the full courses of 
his professors and will follow them with the interest of a mathematician ; 
whereas for the scientific student it will only be in those branches of 
mathematics which concern him that the interest of his special sciedee will put 
him on terms of equality with the mathematical student. If I may choose an 
illustration which is familiar to myself, any student of mineralogy can easily be 
interested in and benefit by a course in spherical trigonometry, because it is one 
of the tools of his trade, but to send him to lectures on differential equations 
w^ould be only to discourage him. On the other hand, the student of chemistry 
would rather be interested in the latter. To each of them certain branches of 
mathematics as taught by an ardent teacher afford a real intellectual training, but 
neither would gain much if compelled to follow a general University course of 
mathematics designed for mathematicians. 

It will be observed that I have endeavoured to confine myself to the subject 
of University education and not tq say much, except by way of contrast, con- 
cerning school teaching. 

1910. 3 P 
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I must, however, return to it for a moment, if only to emphasise the dwger of 
that specialisation, which, since it takes place at school and not at the University, 
is bound to be narrow, and which is often encouraged in pupils of special aptitude 
preparing for University scholarships. 

That a boy or girl should for a year or even two years before leaving school 
be practically confined to one subject, and should before entering the University 
be examined in <hat alone, appears to mo to be contrary to all the best traditions 
of school teaching, and to the often expressed desire of the Universities to insure 
• a good general education in those whom they admit. There should, I think, be 
no scholarship examination which does not include several of the subjects of a 
normal school curriculum, however much additional weight may be given to 
any of them. Although it may be necessary that University entrance scholar- 
ships in one subject should be given either to encourage its study or to discover 
those who have a special aptitude, yet, so far as scholarships are intended to be 
rewards for intellectual pre-eminence, they should, I think, be directed to general 
capacity, and not be used as an encouragement to limited study. From what I 
have already said it will be clear that I do not attach much importance to special 
preparation at school for those who intend to proceed to the University. If a boy 
has a very special taste or aptitude, it should have abundant opportunity for dis- 
playing and exercising itself at the University, provided only that it has not been 
stilled, but has been given some encouragement in the school curriculum. I under- 
stand, for example, that those who teach such a subject as physiology at the 
University would prefer that their pupils should come to them from school with a 
general knowledge of chemistry and physics rather than that they should have 
received training in physiology. With the present modem differentiation into a 
classical and modern side, or their equivalents, the ordinary school subjects 
should be sufficient preparation for any University course if they are not mutually 
strangled in the pressure of an overcrowded curriculum. 

To be fair, however, I must state another view. A very experienced college 
tutor who has had previous valuable experience as a master in a public school 
tells me that in his opinion the real problem of the public schools is the * arrest of 
intellectual development that overtakes so many boys at about the age of sixteen.* 
‘There are few public schools,* he says, ‘whose fifth forms are not full of boys 
of seventeen or eighteen, many of them perfectly orderly, well-mannered, and 
reasonable, in some sense the salt of the place, exercising great influence in the 
school and exercising it well, with a high standard of public spirit, kindly, and 
straight-living, in whom, nevertheless, it is difficult to recognise the bright, 
intelligent, if not very industrious, child of two or three years before.* 

He thinks that there is a leal danger of degeneration at this age, owing, for 
one thing, to the manner in which the boys are educated en bloc ; up to a certain 
age boys can bo^ herded together and taught on the same lines without great 
harm being done, but after a certain time differentiation begins to set in. The 
school curriculum, however, does not admit of being adjusted to suit the dawning 
interests of a couple of hundred boys; and he sees no cure for this difficulty 
except a considerable increase in the staff and a corresponding reduction in the 
size of the forms. But he thinks that much ffiay be done by an alteration in 
the system of matriculation examination, which sets the standard at the public 
schools. He would make this consist of two parts : an examination coming at 
about the ^e of sixteen and well within the reach of a boy of ordinary intel- 
ligence and industry, and comprising the ordinary subjects of school curriculum 
at this age; he would then let the boy leave the subjects from which he is not 
likely to get much further profit and begin to specialise for the remaining two 
or three years, say, in two subjects, which would then be the material of the 
second examination. In this way they would make a wholly fresh start at a 
critical age, and he thinks that the bulk of the boys would probably find this a 
great advantage. 

I quote this opinion because it shows that an experienced schoolmaster 
regards it as highly desirable that at a certain period in a schoolboy’s career a 
real change should be made in his curriculum, and I have expressly stated that 
I find it difficult to express an opinion upon this particular educational period. 

What should be the exact nature of ^e teaching before and after the age of 
sixteen or seventeen for the mass of ordinary boys I would prefer to leave to the 
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decifilon of those who are best able to judge. 1 think it highly probable that 
there should be a considerable alteration of curriculum at the critical age. But, 
if a break and change of subject are required at this age, I believe that a yet 
more complete change is required at the later stage when the boy goes to the 
University, and that school methods should then be entirely replaced by Univer- 
sity methods — not because there is then a natural change in the mental jpowers 
of the student, but because it is the obvious stage at which to make the change 
if we are to abandon preparatory training at all. Should it be proposed that the 
change ought to be made at sixteen, and that after th.at age something of th^ 
nature of University methods should be gradually introduced, my fear is thiit 
this would only lead to the perpetuation of school methods at the University. 

An interesting question which deserves to be veiy seriously considered is the 
question, What sort of school education affords the best prepara^)ry training 
for the University? I have often heard it asserted that, if a boy is capable of 
taking up at the University a course which ia^ entirely different from his school 
course, he will generally be found to have come from the classical side and not 
from the modern side. An ordinary modern-side boy is rarely able to pursue 
profitably a literary career at the University, whereas it often ha})pens that 
ordinary classical-side boys make excellent scientific students after they have 
left school. I am bound to say that this is, on the whole, my own experience. 
It suggests that a literary education at school is at present a better intellectual 
training for general University work than a scientific education. If this be so 
what is the reason ? 

There are no doubt many causes which may contribute. In some schools the 
brighter boys are still retained on the classical side while those who are more 
slow are left to find their way to other subjects ; and some whose real tastes have 
been suppressed by the uniformity of the school curriculum turn with relief to 
new studies at the University and pursue them with zeal. But the facts do also, 

I think, point to some defect in the present teaching of school science whereby a 
certain narrowness and rigidity of mind are rendered possible. This may be 
partly due to the lack of human interest in the teaching of elementary science; 
the story of discovery has a personal side which is too much neglected, though 
it is more attractive to the beginner and might with advantage be used to give 
some insight into fbe working of the human mind and character. Moreover, it 
would form an introduction to the philosophy of science which is at present so 
strangely ignored by most teachers. 

But another noteworthy dc^ct is the absence of that mental exercise which is 
provided by the thoughtful use and analysis of language. 

I believe that the practice of expressing thoughts in carefully chosen words, 
which forms so large a part of a«good literary ediicjition, constitutes a mental 
training #hich can scarcely be surpassed, and it is unfortunately ti'de that in 
the non-litcrary subjects too little attention is paid to this practice. In school 
work and examinations a pupil who appears to understand a problem is iifren 
allowed full credit, although his spoken or written answer may be far from clear. 
This is a great mistake. A statement which is not intelligibly expressed indicates 
some confusion of thought; and, if scientific teaching is to maintain its proper 
position as a mental training, far more attention must be paid to the cultivation 
of a lucid style in writing and speaking. 

The various Universities seem fairly agreed upon the subjects* which they 
regard as essential to an entrance examination — subjects which may bo taken to 
imply the groundwork of a liberal education. Among these is English : and 
yet of all the subjects which children are taught at school there is none in 
which such poor results are achieved. It may be taught by earnest and zealous 
teachers ; the examination papers are searching, and seem to require a consider- 
able knowledge of English literature and considerable skill in the manipulation 
of the language, and yet the fact remains that the power of simple intelligible 
expression is not one that is possessed by the average schoolboy and schoplgirl. 

It is the most necessary part of what should be an adequate equipment for the 
affairs of life whether the pupil passes to the University or not, and yet it is on 
the whole that which is least acquired. 

Although it is true that the intelligent reading and study of the great masters 
should assist in the acquisition of a good style, it is equally true that, if they 
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come to be regarded ae a school task, they are not viewed with affecti<m, 
especially in these days of crowded curricula, when there is little leisure for the 
enjoyment of a book that requires deliberate reading. If the modern stoenuous 
curriculum of work and games has abolished the loafer it has also abolished 
leisure, and has therefore removed one of the opportunities that used to ^ist 
for the ^cultivation of literary ancf artistic tastes and pursuits by those to whom 
they are congenial. The art of expressing one’s ideas in simple, straightforward 
]|inguage is to be acquired not so much by study as by practice. There is no 
essential reason why children should write worse than they speak ; they do so 
because they have constant practice in the one and little practice in the other. 
Our grandparents felt less ditUculty in expressing themselves clearly than we do 
o\xTr,o\vcs *. of this their letters are evidence. It may have been partly due to 
the fac-t that lh<*y h-.vd looro time and cncouraftotncut for leisurely reading, 
though they had not so much to read ; but I believe that the tetters vitvicdv they 
wrote as children were their real education in the art of writing English. Much 
would be gained if boys and girls were constantly required to express their own 
meaning in writing. The set essay and the jiitc.ts play a useful part, but do not 
do all that is needed. Translation does not give quite the necessary exercise. 
What is required is constant, with certain periods of conscious, practice, and that 
is only to be obtained by making every piece of school work in which the English 
language is used an exercise in lu(id expression. Very few paragraphs in any- 
thing written by the ordinary schoolboy — or, for the matter of that, by the 
ordinary educated Englishman— are wholly intelligible, and teachers cannot 
devote too much pains to criticising all written w-ork from this point of view. If 
we first learnt by practice to express our meaning clearly we should be more 
likely to acquire the graces of an elegant style later. I must add that I believe 
the training in the manipulation of words would be improved if all children were 
required to practise the writing of English verse- not in efforts to write poetry, 
but narrative verse used to express simple ideas in plain language— and I believe 
that this would enable them the better to appreciate poetry, the love of which is 
possibly now to some extent stifled by the pedantic study of beautiful poems 
treated as school tasks. 

In such a subject as English composition, in which reform is so badly needed, 
something, perhaps, would be gained by an entire break with existing tradi- 
tions — a break of the sort which would be required if it became suddenly neces- 
sary to provide for an entirely new type of student. 

Now, there is one new and interesting development in which, for the first time, 
an opportunity offers itself of dealing with a body of students who, although 
possessed of more than average intelligence and enthusiasm, have not received the 
conventional train^g which leads to a University course. The tutorial classes 
for working people which have now been undertaken by several Universities, 
and which already number about 1,200 students, are attended by persons care- 
fully selected for the purpose and anxious to pursue a continuous course of 
study of an advanced standard. In these classes the Universities will be com- 
pelled to begin new subjects for students of ^matured minds who have not 
received the usual preparation, and will therefore necessarily deal with them in a 
new way. Here, if anywhere, the diffeience between school methods of teaching 
and University methods ought to be app.arent; and I fc^l sure that, if Univer- 
sity teachers* attempt conventional methods with these students, they will be 
condemned to failure. It is certain that these classes will increase enormously 
and rapidly, and I have great hope that they will for this reason influence the 
methods of University teaching in a very healthy manner. In the tutorial classes 
the teachers will bo confronted with the entirely new problem of students 
who have thought much, and of whom many are experienced speakers, well able 
to express their thoughts by the spoken word, but who, nevertheless, have 
received little training, and have had still less experience, in expressing their 
ideas in. writing. Many of the students whom I have met have told me that this 
difliculty of writing is their real obstacle, and the matter in which they feel the 
want of experience most acutely. It will be a very valuable exercise for those 
who conduct these classes to instruct their students in the art of writing simple 
and intelligible English, and I hope that the hecessity of giving this instruction 
will have a good effect upon the conventional methods of teaching English 
in schools as well as in Universities. 
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I am conscious that this address is lamentably incomplete in that it is con- 
cerned only with the manner of University teaching, and scarcely at all with 
its matter, and that, to carry any conviction, I should address myself to the 
task of working out in detail the suggestions that I have made. But this would 
lead me far beyond the limits of an address, and I am content to do little more 
than touch the fringe of the problem. Reduced to its simplest terms, this, like 
so many educational problems, involves an attempt to reconcile two more or less 
incompatible aims. 

The acquisition of knowledge and the training of tI*o mind arc two inseparable 
aims of education, and yet it often appears difficult to provide adequately for the 
one without neglecting the other. If childhood is the time when systematic 
U-amvng moat deavTabVe it is also the time when knowledge is most easily 
acquired ; if early manhood is the time when special knowledge must he sought 
it is also the time when training for the special business of life is necessary. 
To withdraw from the child the opportunities of absoibing knowledge may be 
as harmful as it is unnatural ; to turn a young man or young woman loose into a 
profession without proper preparation is cruel, and may bo disastrous. 

And so we get the battle of syllabus, time-table, scholarships, examinations, 
professional training, technical instruction, under all of which lies the disturbing 
distinction between training and knowledge. 

But, if we inquire further into these matters, I think we shall find that the 
fundamental question is to a large extent one of responsibility. Left to himself, 
a boy or a man will acquire a knowledge of the things which interest him, even 
though they be only the arts of a pickpocket, and will obtain a training from 
experience such as no school or college can give. If education is to achieve the 
great piu’pose of interesting and instructing him while young in the right objects, 
and also of training him for the proper business of his life before it is too late, is 
it not mainly a question of deciding when and how far to take for him, or to leave 
to him, the responsibility of what he is to learn and how he is to learn it? If 
tho teacher bears the responsibility during the period of school training, should 
not the student have a large share of responsibility in the quest of knowledge at 
the University? 

Now, it is of the essence of responsibility that there should be something; 
sudden and unexpected about it. If, before putting a young man into a position 
of trust, you lead him through ^ kindergarten preparation for it, in which he plays 
with the semblance before being admitted to the reality, if you teach him first 
all the rules and regulations which should prevent him from making a mistake, 
you will effectually smother his® independence and stifle his initiative. But 
plunge him into a new experience and make him feel the responsibility of his 
position, and you will give him tho impulse to learn his new duties and the 
opportunity to show his real powers. It is because I feel that this sudden en- 
trance into an environment of new responsibility is so necessary that I would 
regard with suspicion any attempt to provide a gradual transition between school 
and University methods. 

In matters of discipline and self-control it is possible and advisable to place 
responsibility upon school children; in intellectual matters it is not .advisable, 
except for the few who are matured beyond their years. It is, ^erofore, all 
the more necessary that this should be done at the moment when they enter the 
University. 

This should be the moment of which Emerson says : * There is a time in 
every man’s education when ho arrives at the conviction that he must take him- 
self for bettor or worse as his portion ; that, though the wide universe is full of 
good, no kernel of nourishing corn can come to him but through his toil bestowed 
on that plot of ground which is given him to till. The power which resides in 
him is new in Nature, and none but he knows what that is which he can do, nor 
does' he know until he has tried.’ * 

The spirit of independent inquiry, which should dominate all University 
teaching and learning, is not to be measured, as I have already said, by the 
number^ of memoirs published, but it is to be tested by the extent to which 
University students are engaged upon work for which ^they feel a responsibility. 
Visit the Universities at the present moment, and, in spite of all the admirable 
investigation which is being carried on, you will find the majority of students 
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engaged in exercises in which they feel no responsibility whatever. In my 
opinion this indicates that for them the spirit of true University education has 
never been awakened. It is, a^ter all, very largely a question of attitude of 
mind. Any subject of study, whether it be a scientific experiment or an his- 
torical event, or the significance of a text, is a matter of interpretation, and to 
approach it in the University spirit is to approach it with the question, * Is this 
the right interpretation ? * Upon that question can be hung a whole philosophy 
of the subject, and from it can proceed a whole series of investigations : it em- 
bodies the true spirit of research and it opens the door to true learning. 

In discussing University education I have not, of course, forgotten that many 
persons have taught themselves up to a University standard entirely without the 
aid of professors ; indeed, the University of London long ago provided an avenue 
to a University degree which has been successfully followed by many such persons 
with the best possible results. But I have endeavoured to remind you that at 
the University as at school for most students the personal influence of the teacher 
is the important thing; that at the University as at school success in teaching 
depends mainly on the extent to \7hich the interest of the student is aroused ; 
and that at the University this is only to be done by providing him with a 
purpose and a responsibility in his work in order that he may understand to 
what conclusions it is leading him. Until this is done we shall still have Univer- 
sity students complaining that they do not see the object of what they are learning 
or understand wHat it all means. This complaint, which I have often heard 
from past and present students of different Universities, suggested to me that I 
should on the present occasion deal with this defect in our customary methods. 

In the hope that the attention of University teachers may be turned more 
fully to this aspect of their work I have ventured to make it the subject of my 
address. 


FRIDAY, SEPTEMBER 2. 

Joint Discussion with Section H on Research in Education. 

1. Report on Mental and Physical Factors involved in Education. 
See Beports, p< .302. 


2. A Research in the Teaching of Algebra. 
By Dr. T. P. Nukn. 


3. ^Individual Variations of Memory. By C. Spearm\n. 

This paper dealt with the problem of the individual variations of memory^ Lay, 
medical, and psychological views were cited. The present research, its experi- 
mental and statistical methods were described. As regards results the powers 
of memory for different kinds of material was always found to show some 
tendency to correspond, but in very varying degrees. The common view of 
psychologists that quick and retentive memories are wholly different powers 
was onlp partially corroborated and was traced to differences in the method 
employed for recall. Memory tests were found to correlate highly with teachers’ 
estimates of ’ general intelligence/ but the latter appeared to be based on obscure, 
variable, and not very reliable data. 
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4. On Testing Intelligence in Children. By Otto Lipmann, D.Phil. 

In dealing with the method, not the results^ of investigations of inteliigGnco 
in children reference was made principally to that followed by Binet and Simon* 
and by Bobertag in investigations, of which the results are not yet published. 
Starting with a definition of intelligence based on the concepts of * leading idea ' 
and of * inhibition * it was shown that an intelligence test should bo not merely 
a memory test. In employing intelligence tests certain limitations should be 
observed. Only children subject to like conditions should be compared, while 



• Galton. f MoDougall. J Binet and Simon. Bobertag. 

the chief result of the investigation will be to draw a boundary lino between 
normal and sub-normal pathological cases. 

Binet and Simon give a number of tests by which all the mental functions 
belonging to the intelligence may be investigated. They show for each age the 
tests which a * normal * child might be expected to accomplish. The preliminary 
question, what percentage of the children of tlie same age are normal, is 

^ Binet and Simon, * Le d^veloppcmont de rintelligenoe chez les enfants,’ AnnSe 
psychohgique, 14, pp. 1-94, 1908; Otto Lipmann, ‘ Die Entwickelung der Intelligenz,* 
ieiUchtift fUr angewandU Psychdogie^ 2, pp. 534-644, 1909; Otto Bober^, ‘ Binels 
Arbeiten liber ^e intoUektuello ^twiokelung des Schulkindes,* Zeitschrift fiir 
nngeioan^ Psychologies 8, pp. 230-259, 1909. 
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answered by nearly the same number, whether the method of Galton, of 
McDougall (Mental Measurements Committee), or that followed in several other 
investigations is employed. Thi^ remarkable conformity is shown by the diagram. 

If the supernormal individuals who accomplish the test are added the result 
is nearly always the same — a percentage of 77. 


6. Experimental Tests of General Intelligence. By Cyril Burt, M.A. 

A series of experiments was carried out at Oxford two years ago, mainly 
upon thirty elementary school children, 12^ to 13^ years of age. The chief object 
w^as to determine the relative value, as tests of general intellig;ence, of a dozen 
brief tasks, involving mental processes at various levels, in various aspects, and 
of various degrees of complexity. By general intelligence was understood innate, 
unspecialiscd mental efficiency, as distinguished both from acquired knowledp, 
interests, and dexterities, and from specific endowment, aptitude, or talent. To 
form tests of general intelligence, the tasks were required, not necessarily to 
prove a means of measuring its amount in any individual child, but merely, with 
sample groups of children, readily and rapidly to yield results which should be 
reliable in themselves, and correspond to a constant and definite degree with the 
results of prolonged and careful observations of the teacher. The degree of 
correspondence was calculated by the method of correlation, and the coefficients 
obtained were taken as indicating the relative value of tho tests. 

Views attributing to sensory discrimination, whether general or specific, an 
intimate functional correspondence with general intelligence were not confirmed. 
Auditory and visual tests, indeed, showed positive, though not considerable, cor- 
relations with intelligence ; but these seem rather to be referred to the dependence 
in the course of evolution of tho progress of intelligence upon tho perception of 
space and upon the perception of spoken words, and of these respectively upon 
delicacy of eye and ear. Tests of discrimination of touches and of weights 
showed approximately no correlations with intelligence. Simple motor tests, such 
as tapping and dealing, showed somewhat higher correlations than the sensory 
tests. But of the six simpler tests, sensory and motor, none gave correlations 
above O’ 50. 

The remaining six dealt either with processes^ of a higher mental level — such 
as memory, habituation, scope, and maintenance of attention— or with more 
complex mental processes, involving co-ordination of both sensory and motor 
activities, such as tho ‘ alphabet * and ‘ dotting' ’ tests devised by Mr. McDougall. 
Each of these sixf yielded correlations of over 0‘50, the coefficients in the case of 
the last two being particularly high. An amalgamation of the results of the six 
gave correlations with intelligence of 0*85 to 0*91; and these figures are distinctly 
higher than those for the estimates of one teacher with another’s, or with the 
results of examinations. 

Further experiments have since been made iiP Liverpool at a mixed secondary 
school and at a secondary school for girls. The main object of these was to 
investigate three problems 'suggested by some of the limitations of the foregoing 
investigatiop — viz., how far such tests are affected by difference in sex, how far 
they can be undertaken with success by teachers untrained in a psychological 
laboratory, and how far they can be carried out as mass-experiments with num- 
bers of children simultaneously instead of singly upon individuals. Tests have 
also been* added to represent processes of the highest mental level — ^abstraction, 
judgment, inference, perception of relations — a level untouched by the previous 
research. The results indicate that, as compared with simple sensory or motor 
tests, tasks involving higher and more complex processes are vitiated to a far 
less extent by difference of sex in the subjects, absence of special training in the 
experimenter, and the peculiar conditions of experiments upon children in class. 
They also appear to possess the most intimate relations to intelligence. Tests, 
therefore, of this type seem the more practicable for educational investigations 
and sociological surveys upon a scale sufficiently extensive for statistical treatment 
of the results. 
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6. The Measurement of Intelligence in School Children, 

By William Brown, M.A, 

Although, from an abstract and formal poin^ of view, it might be expected 
that a definition of intelligence should precede any investigation into the problem 
of its measurement, such an arrangement is only partially justifiable. Unless we 
are prepared to hypostatise intelligence as merely one of a number of ‘ faculties ’ 
displayed by the mind, we must face the problem of an all-inclusive survey of 
the mental ability of individuals; and if we possess the means of measuring the 
nature and degree of the interrelations existing between the various distinguish- 
able factors of such mental ability, we may find ourselves justified in regarding 
the mind as some sort of systnjn to which in its entirety, at least from one 
point of view, the name intelligence may best be applied. If such a result should 
emerge the problems of the measurement and the definition of intelligence would 
be solved simultaneously. 

Since the mind, like the body, is variable, the method most applicable to the 
problem will be the statistical method of correlation. Taking a sufficient number 
of cases we may proceed to determine the nmgnitude of the tendency to con- 
comitant variation displayed by the various subsidiary mental capacities dis- 
tinguished by ordinary thought and measured by ordinary standards. To carry 
out this plan with any attempt at systematic completeness would involve the 
evaluation of the ‘ correlation ratio * { y) as well as the ‘ correlation coefficient * 
(r) for each pair of capacities under consideration, in order to determine the form 
as well as the degree of the correlation. A further indispensable part of the 
mathematical technique would bo to apply the method of * multiple correlation,' 
whereby, ' on a certain assumption (the assumption of linear regression) the 
magnitude of the tendency to concomitant variation possessed by any two of 
the capacities under consideration, xnde'pendvMtly of the tendencies of each to 
vary concomitantly with the other capacities, may be determined. 

The author has applied this method to the investigation of the interrelations 
of part-capacities in elementary mathematical reasoning in eighty -three boys 
(already published'J, and to that of the relations of elementary mental abilities 
to one another and to * intelligence ' as ordinarily measured, either by school marks 
or by * general impressions,* and again by the specially devised Combinatione^ 
Methode of Ebbinghaus, in th<| case of college students and elementary school 
children — about two hundred individuals in all, carefully segregated according to 
age, sex, and other ' irrelevant ' conditions. The results show a certain general 
tendency to agreement among themselves, though indicating a much more com- 
plicated s^eme of interrelation than that inferred — on somewhat inadequate 
data — ^by the champions of a * central factor.’ The correlations are also * lorn.* 

Much of the correlation hitherto appealed to as evidence of the existence of 
one single central factor ‘ is undoubtedly spurious’ in nature, i.c., arising from 
irrelevant factors, such as the influence of strange apparatus on the children, 
personality suggestion, differences in degree of discipline to which the various 
members of the groups examined had been accustomed, &c. The mathematical 
formulae, again, which have been employed to demonstrate this central factor from 
the crude correlation results are much too abstract, involve too many improbable 
presuppositions to be of any practical applicability. The method of ‘multiple 
correlation* is the only sound anrf rational one for the investigation of the law 
of relation of the various correlation coefficients to one another, but it has never 
been employed in this connection by the investigators referred to. 


7. Perseveration as a Test of the Quality of Intelligence, and Apparatus for 
its Measurement. By John Gray, B,Sc. 

Perseveration depends on an elemental property of the brain w’hich determine^ 
the persistence of mental impressions or the rapidity with which one impression 
can follow another. It may be measured in various ways, one of the best being 
by Wiersma’s colour disc. On this disc are two colours which can be seen 


^ Biomeirika, vol. vii., No. 3, April 1010. 
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separately when the disc is rotating slowly, but as the speed of the d^ u 
gradually increased a point is reached when the two colours fuse into oto uniform 
tint. This critical speed is a m<easure of the perseveration of the subject bemg 
tested. ‘ 

Gross has shown theoretically how the mental character of the subject may be 
deduced from his or her perseveration, and the experiments made by Wiersma wd 
others agree very closely with Gross’s theoretical deductions. Perseveration 
indicates the quality of the intelligence rather than its amount ; persons with high 
perseveration may be described as slow-intelligent, and those with low persevera- 
tion as quick-intelligent. There is a considerable range of perseveration among 
normal persons, but when it passes above or below certain limits it is usually 
associated with insanity of different kinds. Acute maniacs have abnomally low 
and melancholics abnormally high perseveration. A description was given of an 
improvement on Wiersma’s disc devised by the author, in which illuminated 
coloured glasses are reflected into the eye of the subject by a revolving mirror. 
This enables the luminosity of the colours to be regulated. Results of tests 
made by the author on visitors to the exhibitions at the White City were 
given, and an interesting hypothesis on the connection between perseveration and 
colour blindness. 


8. Ex'pmimerdal Work on Intelligence. By H. S. Lawson. 

Experiments have been performed on groups of boys between the ages of 
nine and sixteen. These groups are as follows : — 

(a) Elementary-school boys who were within two months of nine years on 
January 1, 1909. (I.) 

(h) Elementary-school boys who presented themselves for a scholarship 
examination at a Midland grammar school. Age limit, thirteen years. 
(II.) 

(c) Students in the same grammar school. (III.) 

I. These boys have been submitted to twelve tests of intelligence, each of 
which has been given for a period of from three to twenty days. In every case 
the functioning of the higher mental levels is involved. The correlations between 
the various methods of diagnosing intelligence have been arranged in the form of 
a hierarchy, wherein that test which has been' proved objectively to be most 
intellective in nature takes first place. 

II. These candidates were submitted to simple tests of intelligence at the 
close of ^ the official scholarship examination. The coefficient of correlation 
between official and unofficial (the present writer’s) order of merit 'v4hs, in 1909, 
0*217, and, in 1910, 0*485. The similarity of position was most marked in the 
up^r strata. The coefficient for the *1910’ examination was higher than that 
which obtained between any two individual orders of merit in the official examina- 
tion. In the latter, examination papers were set,in arithmetic, history, geography, 
grammar, composition, and dictation. 

III. Several classes in the grammar school have from time to time been given 
exercises to perform, in which processes of reasoning are involved. An amal- 
gamated o'xder of merit for the several forms has been produced. The coefficient 
of correlation between these respectively and the term’s order for the various 
classes engaged has been calculated. In every instance a high number has been 
obtained. 

The career of the scholarship studetits is being watched. Public examinations 
are a useful criterion whereby to gauge the relative merits of the two methods 
of * spotting ability ’ outlined in this abstract. 


9. M. BineCs Method for the Mectsuremeni of Inielhgence. 

By Miss Katharine L. Johnston. 

With M. Binet’s help given at the Laboratory, Hue Grange aux Belles, Paris, 
I have applied his tests for estimating the level of intelligence to 200 school 
girls of Sheffield. 

The tests are part of a more extensive examination which has as its object 
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the complete understanding of a child who comes before us, and if they are what 
their authors hope them to be, they will assist teachers who desire to determine 
the reasons for the lack of progress of pupils, or to gain knowledge of the 
intellectual calibre of a new pupil. As an example of thSir nature I give those 
employed for children of nine. 

They are asked (i) to give the exact date of the day, (ii) to enumerate 
the days of the week, (iii) to define fork, table, chair, horse, mother (the 
definitions given are to be superior to *use’ definitions), (iv) to read the follow- 
ing : * Burton-on-Trent, 6 January. Last night a great fire at Burton-on-Trent 
destroyed three houses situated in the centre of the town. Seventeen families 
are homeless. The losses exceed 150,0001. WUle saving a child in its cradle 
a barber’s assistant was seriously burned on the hands * — ^and after ar brief interval 
to recall at least six facts, (v) Having before them a heap of money containing 
11., lOs., 6s., 2s., Is., 6d., Sd., Id., ^d., and in addition three pence and seven 
half-pence, to enact the part of a shopkeeper, selling a small article for four 
half-pence. The purchaser tenders Is. in payment, and change is demanded. 
Various solutions are possible, the best being the sixpence, the threepenny bit, 
and one penny, (vi) Being given five boxes of identical shape and appearance, 
but 3, 6, 9, 12, 15 grammes respectively in weight, to arrange them in order of 
weight; three attempts are allowed, two of which must be correof*. 

The investigator on this method deals with the individual, and a little pre- 
liminary talk is necessary to insure confidence. The child’s age is then ascer- 
tained, and the tests for that age given; should he accomplish all or all bub one 
he is adjudged at the level of that age, and is then subjected to all the tests of 
the succeeding ages. If he accomplishes five of these a year is added to his 
level; if ten, two years. But, if the^child fail in two or more of the tests 
appropriate to his own age he is put through the tests of each preceding year in 
turn until that year is found in which he can accomplish all the tests or all but one. 

My experience is that one of the greater hindrances to exactitude lies in the 
investigator ; it is impossible to be certain that one has preserved identical tones 
of voice and expression of face throughout the sittings, and with a subject so 
susceptible to suggestion as a child the doubt will creep in that the result has 
thus been vitiated. Then there is the difficulty of estimating the results. Thus 
one of the tests requires the children to make a sentence containing the words 

London, River, Fortune. If I alkw the construction * London river * M C 

(twelve years) is at the twelve level; if I do not allow it she is only at the 
level of ten years, and since she cannot do five tests superior to that level she 
must be adjudged backward. , 

I have iiound that it is the exception rather than the rule for a chfld to be 


able to satisfy thd tests for her own age, e.g. 


Of 

4 children of 

6 

years 


99 

41 

99 

99 

7 



99 

22 

99 

99 

8 

99 


99 

25 

99 

rr 

9 

99 


*9 

37 

99 

99 

10 

9* 



23 

99 

99 

ii 

99 


99 

22 

99 

99 

12 

99 


99 

20 

99 

99 

13 

99 


»» 

3 

99 

99 

14 

99 


}> 

3 

99 

99 

15 

99 

afid over 


2 have to go back. 

/ 26 ,, ,, ,, ,, 

1 9 can do the tests for 8 

{ 15 have to go back. 

1 can do the tests for 9. 

{ 20 have to go back. ^ 

6 can do the tests for* 10. 

{ 23 have to go back. 

2 can do the tests for 12. 
r 20 do the tests for 10. 

1 3 can do the tosts for 12. 

( 16 have to go back. 

1 can do the tests for 16. 

{ 16 have to go back. 

4 can do the tosts for 15. 
/2 have to go back. 

1, 1 does the tests for 15. 

{ 2 have to go back. 

1 does the tests for 15. 


The provision for adding one year for five tests superior to the level reached, 
or two yms for ten, mitigates the severity of this judgment. Thus, of the 
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fifteen children eight years old who hod to go back, exclnding one in whMe case 
the tests were not completed, only three in <£e final reckoning are to be adjudged 
backward. 

I have found casei# in whi&i girls could satisfy the tests of a superior level, 
but were unable to satisfy the tests of their own age or of tho age immediately 
preceding it. M. Binet was prepared for such cases, and the child who presents 
this characteristic is estimated as of the intellectual level of the year, at whidi 
she fulfils the required number of tests. 

10. On Testing Intelligence in Children, By Professor Dr, Ernst 
• Meumann. 

The outcome of the author’s reflections can be shortly expressed in the 
following sentences : — 

(1) The test methods cannot be dispensed with because of their great practical 
value. 

(2) To be excluded are all tests of acquired knowledge, especially the 
examination of school knowledge and use of school work, because some of them 
may be lacking in any normal child. Because of this it becomes impossible to 
determine the normal standard of intelligence which would be of general validity 
for each life yeiir and for all children from any Milieu. /Sui this is the 'princi'pal 
demand for a general comparing research into the normal child and its develop- 
ment. 

(3) Therefore the tests have to bo reduced to merely functional examinations. 

(4) It is impossible to mejisure the general intelligence with one or a few 
psycho-analytical tests and very difficult and uncertain with one or only a few 
practical tests. It is therefore better to give up the thought of being able to 
determine the general intelligence by tests methods; instead of these we seek to 
examine the higher intelligence, which apart from the testing of a few elementary 
functions, principally sensibility and sensibility of difference for some senses, 
is to be considered as the working-up of impressions dr representations by 
synthetical and combinatory thinking. 

(5) This is best obtained by all the methods which examine the working with 
abstract elements, the working with leading representations, the working with 
the solution of combinations which are accustomed, easy and rich in content, and 
the combining of them with combinations of new representations and the connec- 
tion of these to the leading representations. 


11. The Pitfalls of * Mental Tests,^ By Charles S. Myers, M.A., M.D. 

A protest was entered against the collect^mn of vast quantities of psycho- 
logical data, especially by on army of untrained observers. Nothing can be more 
dai^erous than the supj^psition that ihe consequent errors cancel one another 
* in the long run.’ 

In physical anthropometry, despite the standardisation of measurements, 
considerable differences occur when practised observers mea&ure the same 
individual. What must be the degree of divergence when mental characters 
are^ measured by untrained observers, who not only improperly use and read 
their ‘instrument,’ but affect in different ways the attitude of their subjects 
towards the test! 

Within any given community the individual variations in physical, and no 
doubt also in mental, characters are so wide that the average of any measurement 
must differ very widely from tho average of that measuiement in another com- 
munity, for the difference between the averages to bo with certainty significant. 
Indeed, it must be large enough to be apparent to the unprejudiced eye. Thus 
'' the statistical treatment of racial mental characters does not discover, so much 
as measure, vQXiial differences. Accuracy ii^ therefore essential. 

The statistician who aims at collecting pyschological data in large numbers 
is apt to neglect the various influences which, in different degrees, affect different 
subjects in the tests, and to pour all data from whatever source into the statistical 
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mill, which, in consequence, expresses a psychologically meaningless result. This 
is especially apt to occur in the case of correlations, m the calculation of which 
different observers so frequently disagree. 

A subsidiary cause of this discrepancy is due doubtless to racial differences 
in correlation. The racial differences which undoubtedly exist in the correlations 
of physickl measurements almost certainly have {heir coiAiterpart in respect of 
mental measurements. So the correlation in a heterogeneous people may in one 
sample of it be high, in another be low or reversed ; in one sample the probable 
error may be great, in another small, according to accidental differences in racial 
diversity. 

But the main cause lies in the neglect of the introspective element. The only 
way to ascertain what is being tested by psychological experiment is to have 
recourse to the subject's experience. Owing to neglect of this a test of mental 
fatigue may not involve mental fatigue at all; it may in different subjects 
involve the play of complicating factors (automatism, boredom, duty, ambition', 
in different degrees. So, too, a positive correlation between general intelligence 
and sensory discrimination' may be due to the fact that the very nature of the 
test has (impelled the subject to use his intelligence while calling out sensory 
discrimination. To avoid spurious measurements and correlations of this kind, 
too much care cannot be taken to find out exactly what factors the experiment 
involves; and this can only be done by individual introspection, which is 
impossifile in the blind wholesale collection of data by untrained observers. 

We are prone to hope that statistics will yield results out of ail proportion 
to the value of the material put into them. Only collect enough (feta and a valu- 
able conclusion will emerge ! Nothing can be farther from the truth, especially in 
regard to ‘mental tests.* The treatment of such data en masse is apt to give 
a mere blnr, which hides mental processes actually existent and claims to reveal 
others that have no existence 

Mass-experiments, however, have their use. In everyday life we do not care 
how an individual works, how he knows; we want to know how much he can 
work, how much he knows. For this purpose we require standards of pro- 
ductiveness, standards of knowledge, which will differentiate, for example, the 
feeble from the normal and will mark the progress of the former. But let us 
clearly recognise that these are not psychological tests. Let us not spoil two good 
things by pretending that tests of production are a measure of definite mental 
procesFcs, for from the psychological aspect the results are a mere blur. 


MONDAY •SEPTEMBER 5. 

The following Papers were read : — 

1. The Teaching of Handicraft and Elementary Science in Elementary 
Schools as a Preparation for •Technical Training. By J. 6. Legge. 

The elementary school’s right aim — a general educaf^on to form the basis cf 
specialisation later. So, too, with the secondary school, though there now recog- 
nised that there is no one type of general education, and consequently both at 
home and abroad various types, each with a particular colour or bias, are being 
developed. Why not similar variety of types in Ih-? case of elementary schools? 

The particular variety under discussion to-day -a practical curriculum for boys 
in a town school, leading naturally on to technical education. Part played by 
British Association, notably in Reports of 1906 and 1908, in establishing claim 
for introduction of handicraft and experimental science into the curriculum. 
Impetus towards this given by Board of Education’s recent Memorandum on 
Manual InstructioTi in Elementary Schools. 

The scientific basis for the practice of manipulative work — development of 
br.ain centres presiding over co-ordinated movements of all kinds. Variety of, 
puiposes in view when principle thus established is advocated, and consequent 
variety of means for applying it. No one single purpose in view, amid therefore 
no one single method of applying principle possible. 
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Freedom to head-teachers to frame curriculum, but a useful, and at same 
time scientific, division of school above infant stage into juniors, children rising 
to the age of twelve, and seniors, children of and over twelve. Simple forms 
of handicraft and courses of object-lessons suitable for the junior stage. The 
schemes of all classes ^ be cauc^fully co-ordinated by the head-teacher. 

In *tho senior stage the curriculum to be arranged in two divisions or on 
two sides, which may be termed the literary and the constructive. Half the 
school accommodation for seniors to take the form of classroom, half the form of 
workshop. Boys to work in two shifts, morning and afternoon, alternating 
between classroom and workshop. Division of subjects of curriculum between 
the two sides. The literary side to lay stress on independent study on the ‘ note- 
taking ’ basis, mathematics to be common to the two sides ; and the handicraft, 
while admitting of a measure of absolutely free work, to be closely co-ordinated 
with a scheme of practical physics, in which mechanics will hold a prominent 
place, practically all apparatus and rough working models being made by the 
scholars. 


2 . Educational Handwork : an Experiment in the Training of Teachers, 

By James Tipping. 

The Educational Handwork Association has during the last eight years con- 
ducted a most interesting experiment in the training of teachers in educational 
handwork. 

This vacational course has met annually during the month of August in the 
Municipal Secondary School, Scarborough, and has attracted an increasing 
number of teachers from every part of the British Isles, and not a few from the 
Continent, the Colonies, and America. 

The aim of the promoters has been to make handwork better understood, 
and, indeed, to demonstrate its value and necessity in an ideal scheme of general 
education. 

The need for mind-training through muscular activities has been urged by 
educationists of all times, but administrators of education have not so readily 
appreciated the psychological aspect of the problem, and consequently have made 
the mistake of developing the work for its economic value rather than for any 
truly educative ends it might serve. 

The purely utilitarian aspect of the various forms of manual activity has been 
the means of leading them away from the true intention of the work with the 
usual result that the * means’ have been mistaken for the ’ends,’ the ’avenues’ 
to knowjedge ha-^e been mistaken for the ‘g'-al.’ 

Manual training as an industrial training has no place in fhe ordinary school 
curriculum, but as a factor in mind development its presence is essential. 

Probably the term ’ manual training ’ too readily suggests industrial activity, 
and to this extent it is somewhat of a misnomer; hence the reason why this 
Association favours the litle Educational Hj^ndwork, because it more readily 
expresses the essential difference between industrial activity and muscular 
activity, which leads to b^ain training. 

The predominating feature of handwork is the use of a variety of tools and 
materials &nd the adapting of them to given ends. The more materials used the 
better, for each has its characteristic requirement in the way of handling and 
moulding into due form. * 

In the development of schemes the central ideal has been to give due con- 
sideration to the two points of view — ^namely, the technical and psychological. 
So far as children are concerned, the latter is essentially of primary importance, 
whilst technic as such takes only a secondary place ; but from the point of view of 
the teachers’ needs both are requisite. 

Reference to the schemes of work on exhibition emphasised the fact that 
whilst the technical courses provide for the development of the teachers’ 

4 executive powers, every opportunity has been taken of developing suggestive 
ideas for the application of such knowledge to the children’s needs. Power to 
initiate such schemes as will apply to the varying capacities of the children is 
what ifi aimed at, rather than the following of set schemes worked in the training 
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school and slavishly adhered to by the teachers when they go back to their own 
schools. 

In the kindergarten, of all places in the school, psychology plays an important 
part, and in the summer school this is kept constantly in mind. A daily lecture 
IS given, after which the various forms of mapual expression, such as brush> 
drawing, daywork, raffia, paper cutting, folding, and liiounting, are discussed 
from the standpoint of child psychology. 

In clav-modelling the objects which are of interest to children and the 
methods tney would adopt in the making of such at different ages are taken into 
consideration in working out the course. The psychology of touch is appealed 
to in discussing the methods of handling the material. 

In working out a brushwork course the statistics with regard to children’s 
ability to discriminate colours are appealed to; samples of children’s own spon- 
taneous work are examined, and the students are trained to analyse them, esti- 
mate their worth, and take hints for future guidance from them. Similarly in 
drawing and paper-cutting the problem of the perception of distance and of the 
third dimension in objects is worked out, and the children’s powers in these 
directions at kindergarten age discussed; the value and limitations of the different 
forms of colour and form are worked out and criticised from that basis. In 
sewing and weaving the mechanism of visual adjustments is reviewed and made 
the basis for criticism of the use of such material as are utilised in mat-plaiting 
and calico for sewing for young children, so that the students are given definite 
reasons why sewing should be on coarse materials and with coarse thread, and 
why wool and raffia are superior as weaving materials to mat-plaiting. 

The teachers are shown that the school occupations may easily be made exten • 
sions of the child’s natural and instructive home occupations; he loves to build 
thread beads, make marks with chalk or pencil, to splash about with colours, 
and in the^e directions his play may readily be developed and enriched by the 
^ proper use of such in school. 

The first essential in the kindergarten work is to get rid of the idea of courses 
in different materials, the aim being rather to give the child ample opportunity 
to use a variety of materials in the expression of central-group experiences. 

The first principle in dealing with kindergarten teachers is to train them to 
develop in the child the power of self-expression, and next to familiarise them 
with a variety of materials, so that they can constantly appeal to his powers of 
expression in these materials, and so strengthen his powers of selection and 
adjustment. » 

In the various schemes of work on exhibition it will be noted that the funda- 
mental principles governing kindergarten methods are arranged and elaborated 
to suit the more mature dcvelopmeJIt of the children as they pass thr4)ugh the 
different stllges of school life. As the child grows physically and mentally the 
mode of approach varies somewhat, and the dovclopment of mind through the 
activities becomes an ever-increasing and more highly complex problem, but 
through the medium of clay, card, wood, and metal there is afforded an infinite 
variety of experiences that can j»e utilised to harmoniously develop the child 
both physically and mentally. 

3, Haniworlc in relation to Science Teaching : the Manipulative Skill of the 
^Teacher, By 6. H. Woollatt, Ph.D., F.LC. 

Science teaching in most schools is now dominated by the research idea, and it 
is therefore an essential that the lessons given and the experiments performed 
shall follow lines determined by the students themselves rather than a course 
definitely set out in a given syllabus beforehand. 

One of the chief difficulties of a teacher in this respect is that of procuring 
suitable apparatus. Usually he is bound to apparatus which is catalogued by the 
various apparatus dealers, and his course of lessons is to seme extent hung upon 
the pegs of purchasable apparatus units, instead of the apparatus being made to fiL 
the experiments. In elementary schools this is even more the case than in^ 
secondary and technical schools, for the allowance for science apparatus is smaller, 
and the stock of it therefore still more limited. To stock a quantity of apparatus 
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‘on the principle of a possible use being found for it is sheer extravagan^, and as 
much apparatus deteriorates in value upon keeping it is not a defensible policy. 
Yet, as already stated, one can scarcely tell for more than a week ahead what 
may be required, , i.. 

A teacher of science in any school must possess the skill which will enable him 
to assemble standard units of ^paratus in such a way as to make it possible to 
conduct almost any exp^iment, and the principle of supplying such standard 
units has been in vogue since science teaching began ; yet a glance around schools 
will usually show many quite elementary and more or less clumsy attempts at 
the setting up of simple apparatus. In other words, the science teacher rarely 
has found time to acquire the skill necessary to enable him to deal efficiently and 
neatly with the many and various materials that come under his notice. When 
he is able to command the services of an expert laboratory attendant his work 
is easier, but even then his possible experiments are bounded by the skill of his 
attendant and the apparatus shops. His work is thus frequently confined witlun 
limits which are unnecessarily and uncducationally small. 

The remedy is to make all science teachers and all laboratory and lecture 
attendants pass through a course of instruction in the use of simple tools such 
as could be supplied to any laboratory, and in the various methods usually 
adopted in the manipulation of different materials used in the construction of 
apparatus. It is necessary also for a science teacher to know the properties of the 
various materials he uses and the Limits to which he may strain and torture them ; 
also his own capabilities in the direction of manipulation. 

This remedy 'has been applied more or less during the past fifteen or twenty 
years in certain colleges, but in some cases the object has been defeated by 
supplying all the materials cut to size, so that only the erection of the apparatus 
to be constructed fell to the teacher-student. During the past five years, however, 
the Department of Agriculture and Technical Instruction in Ireland (which con- 
trols the science teaching in that country) has made it possible for their teachers 
to attend a systematic course of training such as that outlined above, and to* 
attain, in the space of a few weeks, a training in the use of tools and mcalcrials 
sufficient to enable them to deal with most of the ordinary work which falls to the 
lot of the science teacher. 

The course followed is roughly one of a hundred houri^, of which less than 
twenty hours arc spent in the lecture-room, the work in the lecture-room being 
mainly concerned with the reasons for the shapes of tools, the theory of their 
action, the manner of keeping them in workjrig condition; the properties of 
materials and the reasons for the use of various materials for specific purposes. 
The Department also includes in its lecture course instruction upon the construc- 
tion and use of, ♦he projection-lantern, upofv apparatus and diagram design, the 
care of tools, apparatus, benches, bottles, and other laboratory appliances, and 
similar subjects. 

The practical work consists of four main divisions — work in wood, metal, and 
glass accounting for the first three, and a general section following, in which 
many of the ordinary processes of a physica^^ laboratory are undertaken — pro- 
cesses which all teachers ought to be able to demonstrate, but which unfortunately 
are only possible with dqfiniteness and certainty to few. This section includes 
such work as the copying in plaster or in copper of some small objects, the 
grinding and drilling of glass, the silvering of glass, cementing of various similar 
or dissimilar materials together, the cleaning of mercury, the preparation of 
microscope-slides, lantern-slides, the making of scales upon glass, &c. 

It is mot the object of the course to turn out makers of apparatus, and for 
many purposes it is not necessary that the work done should have any high 
finish ; it is mainly desired to impart the skill in the handling of materials such 
as will enable and encourage a teacher to set up his own apparatus in his own 
way for an experiment, and, further, to enable him to set out a correct specifica- 
tion for any instrument he requires and which may be beyond his power to con- 
struct, for it is always made clear to students that much of the apparatus avail- 
able for scientific work would not pay a feacher for the making; his time is more 
usefully employed in other directions. 

Teachers in Ireland no longer are the bnly ones to enjoy the privilege of 
Attending such a course, as during the past three years a similar one, of three 
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weeks’ duration, has been held in August at the Municipal Schools, Scarborough, 
under the auspices of the Educational Handwork Association, and any teacher 
in Great Britain now has the opportunity of becoming a skilled manipulator of 
apparatus and of material. It is encouraging to be able to report an annually 
increasing number of students in this subject. ^ I 

A teacher who has been through such a course ns this is no longer restricted in 
his apparatus. He is able to design or devise a new method of showing old facts : 
he is able to make a piece of apparatus simply and easil'v for the demonstration of 
any point requiring special attention, and he is able to overcome many of the 
greatest difficulties that beset a teacher of science — those of replacing small por- 
tions of broken apparatus, of readjusting faulty instrumente, and of increasing 
the general efficiency and reliability of the apparatus under his care. 

In these circumstances the work of such a teacher becomes a more personal 
exposition than could otherwise be the case. The very kind of experiments per- 
formed and the type of apparatus chosen and used become an indication of the 
line of the teacher’s thought. Each school laboratory will gradually acquire a 
tone from the influence of the man in charge, and so to some extent reproduce the 
results of the old days, when our great teachers — Black, Cavendish, Bunsen, and 
others — taught with home-made apparatus, much of which certainly indicated 
the personality of the maker. It was suggested that such a state of things is 
much more desirable than the present ono of hundreds of laboratories containing 
the same units of apparatus, all used in the same way, with almost the same 
words in the explanations given. > 

Furthermore, the capability of making small apparatus and appliances en- 
courages a teacher in the use of the projecting-lantern for delicate experiments — 
an immense educational advantage — and keeps him constantly on the look-ouf for 
new and pretty (therefore attractive and easily remembered) ways of performing 
bis demonstrations. 

Specimens of students’ work, illustrating the course followed in these training 
classes, were exhibited. The specimens were all made by students in the Labora- 
tory Arts Course, August) 1910, Scarborough Summer School Educational Hand- 
work Association. 

Joint Discussion mth Section B on the Neglect of Science by Industry 
and Commerc^} Opened by R. Blatr, M,A. 


TUESDAY, SEPTEMBER 6. 

The following Papers wore read : — 

1. Outdoor WorJc for SchooL of Normal Type. By J. Eaton Feasey. 

Anxiety with respect to the physique of school children has led to the multipli- 
cation of open-air recovery schools. The value of these schools from the hygienic 
standpoint is beyond question, and their work on the educational* side is not 
unsatisfactory. A danger arises, however, of outdoor educational work being 
mentally associated with, and practically restricted to, the physically defective. 
Against this it is urged that an immediate and large increase in the amount of 
school-work in the open air would not only benefit children and teachers physically, 
but is on educational grounds very desirable for all classes in schools of every type. 

At present teachers are largely slaves of the schoolroom and the desk. Outdoor 
work is restricted to drill and .gardening, with, in some few schools, an occasional 
walk or excursion. Things which cannot be done at a desk in a room are looked 
upon with suspicion as not being the real work of a school. Yet all are awara 
of the serious harm done to growing children by desks necessarily unsuitabl^^ 
and of the impossibility of providing well-ventilated rooms and sufficient floor- 
space. In many districts school accommodation is deficient in nearly all hygienic 

^ Seo The School World, October 1910, 
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requisites, and aggravates the harmful influences present m many ^tt^e homes. 
But the advantages of open-air work are not mainly hygienic, but educatiOMl. it 
is impossible in the classroom to use as we ought the child’s natural love of move- 
ment and his instinctive restlessness. Outside this chwacteristic natural activity 
may be i4ed and the eviW of wrohg desk-posture and vitiated atmosphere avoided. 

There are difficulties of organisation connected with school journeys and objec- 
tions to technical instruction in horticulture as a school subject. Whether 
are or are not overcome, there is a large amount of work which can and ought to 
be done outside. The adoption of the asphalted playground has increased facilities 
in this direction, whilst the provision or school gardens would enormously widen 
the possibilities of work in the open air in immediate proximity to the school. 

There is much work of high educational value which can only be done outside. 
There are educational methods which can be adopted in the playground and not 
in the classroom. There is abundance of work which can be more efficiently done 
in the open air. 

Photographs were shown of classes engaged in such work. Children were 
shown during lessons in arithmetic, mensuration, and geometry on the playground 
floor, and it was noticed that the larger available space makes co-operative work 
possible to the class. This form of work was recently urged upon rural teachers 
by the President of the Board of Education. 

Other illustrations showed children taking first lessons in heat and light. 
Such teaching surely should always be taken outside, the sun being employed 
rather than a lamif. The biological importance of light and heat can be shown by 
continued observation and experiment with living, growing things in the garden. 
Other illustrations showed the practicability on the school premises of outdoor 
lessons on direction, the sundial, shadows, seasons, &c. 

But it is with work included under the term * nature study * that the adoption 
of outdoor methods is most urgent. It is surely wrong to confine children within 
doors to discuss snow, rain, wind, dew, sunshine, and plant life. * Blackboard 
Nature study * is surely an absurdity. 

There is a crying need for the multiplication of school gardens, not for technical 
instruction in horticulture, but for the conduct of real Nature Study. The 
garden should not merely provide the material for, but should be the scene of the 
lessons. Illustrations of classes doing such work were shown. Much of this work 
cannot be done on an excursion. In the garden scholars may carry on prolonged 
investigations — e.^., into rate of growth. The Nature instinct bom in a child 
can be satisfied and developed instead of being obliterated by work in school with 
a dried or torn-up specimen. The garden offers unlimited scope for teaching the 
child through his^ 9 wn observation and infere'jce. 

Comenfas in the seventeenth century urged that every school should have 
its garden and use it in this way. England is exceedingly backward in this 
respect as compared with some other countries. 

It is not impossible to meet the difficulty of providing gardens for schools in 
the congested parts of cities. Plota of ground might be laid out in the suburbs 
and classes conveyed to these garden schools for a half-day each week for outdoor 
work of various kinds.^ Np plans should be passed for new suburban or rural 
schools unless a garden is provided, and H.M. Inspectors could do much by urging 
the importance of making playgrounds and gardens the scene of lessons. 

The physical and educational value of such work is perhaps exceeded by its 
{esthetic and moral advantages. 


2 . The School Journey : lU Practice and Educaiimal Value. 

By 6. 6. Lewis. 

Actual objects are better teaching tools than the most vivid description, better 
even than pictures, lantern slides, or models. Big things like trees, hills and 
levers, castles and cathedral.s, cannot be brought into the class-room, and smaller 
objects are best studied in their own natural environment. Hence the need for 
school journeys. Four kinds of school journey are attempted at Kentish Town 
Road School. 

1. The Open-air Lesson . — Each class spends one half-day on Hampstead 
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H«ath (one mile away). The time-table shows drawing, geomphy, drill, Nature 
study. If wet these subjects are taken at school ; if fine; drawing is combined 
with geography or Nature study the whole afternoon. Typical work includes 
tree study ; scenery study — hills, rivers, valleys, rocks, &c. ^ map reading and 
making, contours; plant oscology; pond life; clouds, linow, and atmd^pheric 
effects; * colonisation ’ and ‘seeking hidden treasure.* 

2. Saturday Rambles — e.g., to Epping Forest for toadstools; Richmond Park 
for pond life ; Charlton Quarry for rocks and fossils. 

3. Long-distance Excursions, — A. week's visit to some distant ocntre-^c.gr., 
Chepstow, Abergavenny, Shanklin, the Cotswolds, Folkestone (with day trip to 
Boulogne). The cost, from 18s. to 21s. per head, is borne chiefly by the parents. 
Forty to fifty boys, aged from seven to fourteen, are taken. They have always 
been taken in the Easter holiday, as all teachers are an: ious to bo with their boys. 
In London the journeys may be done in school time. The Children’s Country 
Holiday Fund will send children to cottages for a fortnight, the L.C.C. providing 
teachers. The ideal party would consist of three teachers, an organiser, treasurer, 
and house-master, with thirty or forty boys. It is well to prepare a guide-book 
containing maps, historical notes, &c., for each boy. It is cruelty to insist on 
copious notes or descriptions on an excursion when the boys are out journeying 
every day. Rough sketches with the briefest notes should suffice. 

4. The Ojjen-AiT School in Epping Forest. — The whole of the top class 
(thirty-five boys) spent four days at a ‘ Retreat ’ in Epping Forest in July with 
their masters at a cost of Gs. per head. School lessons were followed in the 
forest according to the time-table in the mornings, a journey being taken in the 
afternoon. 

‘ Our Aims ’ (from the Guide-Book). 

1. To bring teachers and scholars into closer touch with one another. 

. 2. To foster habits of good fellowship, self-reliance, and unselfishness. 

3. To investigate the causes which produce scenery. 

4. To secure rock, plant, and animal specimens unobtainable near London. 

5. To extend our knowledge of mankind past cond present. 

6. To gain health and vigour from a week in the open air. 

7. To learn how to spend a holiday intelligently and happily. 


3. School Gardening, By Alexander Sutherland. 

Many clajpis are made for gardening as a means for interesting and educating 
children. The claims are that gardening has important intellectual, social, moral, 
industrial, and aesthetic values. If so, it is the duty of everyone to help in 
bringing about a larger use of the subject. 

About 30i square yards, or 60 feet by 27 feet, with central path of 4 feet, 
was found by the writer to be a Suitable area for two boys, one above 12 and 
the other under. When girls are at sewing, the boys go to gardening. The 
advantages noted are: (1) It vivifies school work, stiihulating all branches of 
study ; (2) It gives the subject of Nature study a definite foundation., suggest- 
ing problems through which children may be trained to ‘ do something in order 
to find out something * • (3) It teaches respect for labour, showing the im- 
portance of the work of producing vegetables, and of the skill desirable for this 
fundamental human employment; (4) It brings the interests of the home and 
school more into sympathy; (5) It tends to correct modern pleasure-seeking 
tendencies, developing interests that furnish means of wholesome pleasures within 
ourselves ; (6) It expands the mind by the opportunities it gives for observation 
of various plants of different kinds; (7) It brings the school into sympathetic 
association with our most important industry — agriculture — ^and gives a simple, 
recreative^ manual training ^ in handling a spade and other garden tools ; (8) It 
awakens interests and desires that help in the formation of good habits, and 
healthy, profitable employment in spare time; (9) It enhances the usefulness of 
the citizens by the training towards special interests that he may follow up after 
school days are over, and help in producing plants—living things of beauty and 
wonder. 

• 8 0 2 
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Conducting School Gardening , — There must be co-oporatign between pupils 
and teachers. The practical operations of preparing and cultivating the soil, 
planting the seed, &c., devolve on the scholars. Scope for the directive, stimu- 
lative, educative influence of t^e teacher And a fleld hero for securing skill and 
interest. ' 

Observations on the first appearance of seed leaves, buds, where the buds 
grow, and how they open, visits of bees and other insects, where nectar is stored, 
colours of flowers, what parts of them fall off and what parts remain, weed 
studies, names and families of garden weeds, bulb culture, planting of bulbs for 
spring bloom, planting in pots for indoor winter blooming, setting out tulip bed 
in school grounds — all full of interest, full of instruction, in which help given 
and help got will ever be a pleasant and profitable experience to all concerned. 


4. A Training College under Camas} By Professor Mark E. Wright. 


5. The Agency of Notations in the Development of the Brain. 

By Miss A. D. Butcher. 

In this paper the following matters were referred to : The retention of the 
present relations between the spoken and the written expression of sense; the 
restoration of those relations which have been obscured by the vicissitudes 
attending the development of the human race; the opinion of Victor Egger; 
language in its origin has nothing to do with sound — ^it is a state *un mode de 
moi-meme*; English idcography; sign, sound, and sense in the same symbol; 
man a silent reading animal; description of orthoepic notation; the digraph 
character of English print; international ideographs; printing reform before 
spelling reform ; the proportionate value of phonetic elements ; the anomaly of a 
fifteenth-century print in the twentieth century; the economy of nervous force in 
teacher and pupil; orthotype in the kindergarten; the importance of printing 
reform from a commercial point of view ; English the Esper&nto of the future. 


6. On some Effects of the Extension of the E^’Cmentary School System on the 
English Character. By S. P. Wilson. 

This paper (|ealt with the following subjects : Prevailing dissatisfaction with 
the results of general and compiilso^ education in England ; elementary educa- 
tion in England one of the most difficult problems ever raised in any country; 
the relation of natural education to school education : brief history of the latter 
during the last eighty years ; natural inequality of children insufficiently re- 
cognised; limits of teaching by verbal cono<^pts; importance of psychological 
atavism; effects of the scientific interpretation of Nature on elementary teaching; 
the effects of the element arv school on political and social controversy and 
reform ; the present deadlock in legislation regulating the status of the elementary 
school ; the necessity of improved ideals and methods in the elementary school. 


Joint Discussion with Section I on Speech. 

(i) The Evolution of Speech and Speech Centres. By Dr. Albert A. Gray. 

• 

Speech develops as a result of hearing, hence it is not surprising that the 
centre in the brain for the understanding of speech is in close proximity to that 
for the sense of hearing, and, indeed, may for some purposes be considered as 
4'part of that centre. The centre for the understanding of speech, however, is 
limited to the left side, while that for hearipg is found on both sides of the brain. 
The centre for hearing is termed the audito-sensory centre, and that for the 

1 Published in The School World, October, 1910, 
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understanding of speech is termed the audito-psychic. Hence when these centres 
are destroyed on both sides the individual becomes quite deaf and does not 
understand speech. If the centres be destroyed on the left side only he hears 
what is spoken because the right audito-senso^ centre still intact, but he does 
not understand what is said because the audito-]^ sychic centre is present on the 
left side only and is destroyed. If the hearing centre on the right slie only 
is destt'oyed the individual can still hear mid understand speech. 

The centre for the production of speech is found on the left side of the brain 
in the third frontal convolution and adjacent regions. 8ince this centre is only 
concerned in the production of speech it follows that when it is destroyed the 
individual can still hear and understand what is said to him, but he cannot frame 
words and sentences to express himself in speech. 

Mechanism of the voice : The voice is produced by the vibrations of the vocal 
cords, and, for the most part, the various tones depend upon the portions of the 
wrds which vibrato and the degree of tension in these portions. The changes 
in the extent and tension of the vibrating portions of tho vocal cords are deter- 
mined by muscular action, which in its turn is governed by the centres in the 
brain described previously. The voice is resonated in the cavities of the mouth, 
pharynx, and nose ; hence by altering the size and shape of these cavities by 
means of movements of the tongue, palate, &c., the quality of the tones produced 
in the larynx can bo affected at will. 


(ii) The Essentials of Voice Production. By Professor Wesley Mills. 

At the present time it is vital for those who teach especially to agree on some 
principles. , Only principles, and not ‘ methods,' except those based on a few 
fundamentals, are possible. It is better to abandon the term ‘ method * if applied 
to anyone's systematic teaching. It is more important to emphasise what is 
common in the teaching and practice of speaking and singing than the differences. 
Other things being equal, the more of a singer the speaker is the greater his 
success. For tho singer, training in speaking should for a time precede training 
in singing or be carried on with it. 

The double purpose of speaking and singing. 

The justification of the appeal to science. 

Tho object of cultivating vocal technique or voice production. 

Its psychic and somatic factors. 

Adjustment or co-ordination of the psychic and somatic and of the various 
parts of the vocal mechanism is the key to explanations and to practical success. 

The vocal mechanism consists of %lirec main pai'ts. In u.sing these the subject 
employs ncftro-muscular mechanisms controlled by psychic factors. The psychic 
must precede tne somatic. At first results are largely voluntary; later reflex 
and sub-conscious. In all muscular movements, those concerned with voice 
production included, sensations are of vital importance. In phoriation the chief 
sense is hearing, but others, usvilly associated with muscular movements, are 
also essential. Without these * voice-placement ' is impossible. 

The essentials of a good tone. 

Bnathmg in relation to voice production. The practice of the old Italian 
vocal teachers is not inconsistent with the latest investigation on* breathing. 
The 'attack'; the resonance chambers; parts to be used and parts that may 
interfere with a good result. 

Good voice production does not necessarily constitute good art, but is 
essential to it. 

The term ‘ accent * as now often used is unsatisfactory. 

The value or quality of vowel sounds Should be settled by an international 
commission of experts. The same applies to a few consonants, especially ‘ r.* 
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FRIDAY, SEPTEMBER 2. 

Types of Animal Movement, 

By Professor William Stirling, M.D., D . Sc ., LL . D . 

Tho discoveries of great men nvr leav us — thy are immortal, they contain 
those immutable truths which survive the shock of empires, outlive the struggles 
of rival creeds, and witness the decay of successive religions,* These are the 
words of the historian of civilisation, and to them may be added those of Mr. 
Roosevelt in his Romanes Lecture at Oxford : ‘ In the world of intellect, doubtless 
the most marked features in the history of the past century have been the extra- 
ordinary advances in scientific knowledge and investigation.’ We must all admit 
that modem progress in certain directions is largely due to inventions and dis- 
coveries the ‘ offspring of the scientific mind.’ 

It seems all the more remarkable, therefore, when we find Von Uexkull in his 
wonderfully suggestive book, ‘ Umwelt und Innenwelt der Thicre,* asking the 
question, ’ What is a scientific truth ? ’ He himself gives his reply, ’ An error of 
to-day.’ This reply reminds one of other questioners after truth, and also of the 
remark of Napoleon. * What is history,’ said he, * but a fable agreed upon ? ’ 
There is food for reflection in these replies, both for the man of science and the 
historian. I shall try to show you what science has achieved in the investigation 
of animal movements, and in doing so 1 must refer briefly to the historical aspect 
of the question, for it is just two years more than three centuries since the founder 
of the study of animal movements was born in the fortress of Castel Nuovo at 
Naples. ^ 

Linnaeus, in his oft-quoted maxim, ‘ Stones grow,* * plants grow and live,’ 

* animals grow, live, and feel,’ seems to have omitted the most characteristic 
feature of living animals, for undoubtedly i«nongst all manifestations of life the 
features which ai'e most striking, most characteristic, most interesting^ and to us 
most intelligible are of a mechanical order, as represented by movements of various 
kinds, whether movements of one organ on another or movements of the animals 
themselves — on land, in water, or through air — ^the three great Highways of 
Nature. 

Movement, though not a characteristic of animals alone, is in them so marked 
as practically to become a distinctive feature. Their immense power of generating 
mechanical motion enables them to perform those actions which constitute their 
visible lives. The subject presents an endless field of inquiry to the anatomist, 
to the physiologist, to the artist, and not least to the pathologist. 

Nothing is more remarkable in Nature than the variety and, on occasion, the 
apparent simplicity of the mechanisms for the production of movements both in 
animals and plants. * Every chemical substance, every plant, every animal in its 
growth teaches us the unit of cause, the variety of apj^arance.’ As Emerson 
expresses it, * Nature is an endless combination and repetition of a very few laws. 
She hums the old well-known air with innumerable variations.’ Perhaps nowhere 
is this more evident than in the sphere of movement. 

The motor organs themselves have been far more carefully studied than the 
^riovements they produce, but there are not wanting; signs that the impulse given 
to morphological studies by the doctrine of adaptation under natural selection has 
begun to affect the study of purely physiological problems, in proportion as it 
becomes daily more evident how infinitely fertile are the movements of organisms 
as a field for the study of adapted reactions. 
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.The wonderful harmony existing between the form and functions of a muscH^ 
the marvellous co-operation of groups of muscles to produce specific movements, 
are revealed everywhere in animals as well as in the human frame itself. The 
co-ordination takes place in the higher animals in the central nervous system, 
a system characterised by autonomy as well af centralisation, a system so com- 
plex that a few years ago its main highways could only be guesse|l at, but 
which now, thanks to the labours of experimental physiologists, pathologists, and 
histologists are as well known as the great high-roads that intersect the country 
itself, and they are maintained in a far more workable condition than obtains even 
in the best roaJds. Wc also know the side-paths from these main nerve tracks, and, 
thanks to the genius and researches of Sherrington, v^e have reached a measure of 
finality, for have we not in reflex actions a ‘final conmion path* towards which 
converge a multiplicity of private yet ever open and serviceable paths with a free 
right of way? Orderly ‘behaviour’ characterises the outward visible movements 
of animals, as well as the sequence of events in the internal, invisible motor organs 
on which the continuance of life itself depends. As the movements of animals are 
intimately related to their habits and modes of life, this opens up another aspect 
of the question. 

Animal movements may be classified according to the media on or in which tho 
animal moves. In terrestrial progression the ground is a more or loss fixed or 
rigid point of support or fulcrum. The action of the moving limb tends to repel 
the fulcrum in one direction, and the body itself in the opposite direction. I’he 
more solid and resistant the ground, the greater will be the amount of energy 
available to propel the body forward. Tho energy, however, is generated by tho 
animal itself. Everyone knows how little progress he makes on a shifting, feebly 
resisting surface such as sand. In aquatic progression, as in the swimming move- 
ments of a fish, the fulcrum is the water, which is freely mobile and easily dis- 
placed, so that much of the energy is dissipated in moving the water itself. The 
specific gravity of a fish is approximately that of tho water itself. Some animals 
are moved by the expulsion of water from the body — in the jelly-fish the bell con- 
tracts and forcibly expels water, while the cuttle-fish expels the water in its mantle 
through its funnel. The animals are propelled in an opposite direction. The 
lowest niicroscopic water-dwellers move by indefinite limited contractions and 
expansions of the protoplasm, of which their microscopic bodies are made up. 
Others are propelled by the rhythmical vibrations of cilia on their surface or by 
the undulations of a membrane. 

As air is eight hundred tiftics lighter than water, aerial motion presents the 
most interesting of all problems. It has been solved by insects and birds alike, 
and both of these flying motors are heavier than air. The air fulcrum is far more 
mobile tj^an the aquatic or terrei^rial support, yet in spite -^f this ^he greatest 
velocities are obtained in aerial progression. 

If we adopt a more popular classifleation, depending on the number of legs 
possessed by animals, we have bipeds, quadrupeds, centipedes, and oven millipedes. 
In these hundred-footed creatures the marvellous co-relation of their segmental 
limbs excites our wonder, wliiL the exact analysis of the sequence of movement 
almost baffles our methods of study. Some of you know tho disturbances of 
motor acts that are produced in human beings when i person is mentally excited, 
or on occasion when he may be the object of scrutiny by an onlooker. 

Bordli, De Motu AnimaUvm. 

In the seventeenth century there began that glorious jjeriod of scientific 
endeavour and achievement, the period of Harvey, Galileo, Torricelli, Malpighi, 
Kedi, and Stensen, the period when new methods were applied to the study of 
physics with such brilliant results. In a humble convent cell in the monastery 
of San Pantaleone in Rome, on the last day of the year 1678, and as the New Year 
was coming in, there died the founder of the Study of Animal Movement, 
Giovanni Alfonso Borelli. He was born in Naples in 1^, the son of a Sijanish 
soldier, and a Neapolitan mother, whose name was Borelli. His name stands 
forefront as a great pioneer and founder of the study of animal movement. After • 
being educated in Rome he became professor of mathematics in Messina about 
1640, and in 1656 he was called by Ferdinand 'Duke of Tuscany to Pisa, where he 
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had as a friend and pupil Marcellus Malpighi, and where he taught publicly his 
doctrines and the results of his investigations, and also wrote a large part of his 
great work Dt Motu Animcdium. Twelve years later he returned to Messina, 
which he left as an exile in 1674, and went to Borne, where he lived for a time under 
the patronage of that r'^markab.e woman. Queen Christina of Sweden. The 
decenniuih passed in Pisa was the most brilliant period of his scientific life. Here 
he had as pupils Marcellus Malpighi, who dedicated to him his famous treatise 
De Pulmonibus ; and also Lorenzo Bellini, whose name still survives in the tubules 
of the kidney. Borelli was one of the founders of the famous Accademia del 
Gimento. His home in Pisa was at once a * domo,’ and also perhaps the first 
physical and biological laboratory in Europe. Here also was taught * Anatomia in 
domo Borelli’ by Claudius Anterius. The Grand Duke of Tuscany himself saw 
that he was supplied with the necessary animals for his experiments. The 
problems of animal motion presented a field for the application of the new methods 
of physical research which had been established by the labours of Galileo and his 
fellow-workers. The investigations of movements as manifested by animals and 
man was a large part, but not the only part, of his life-work. His researches were 
published in his epoch-making book De Motu Animaliumf the first volume in 1680 
— ^two years after his death — and the second in 1681. 

Borelli applied to living beings the laws of mechanics, and he reduced to its 
simplest form the theory of animal locomotion. He recognised that these move- 
ments *are due to mechanical causes, instruments, and reasons.* Mathematician, 
geometrician, astroxomer, and physicist, and the first physiologist of his time, 
Borelli combined in his life-work the happy marriage of geometry with physiology. 
Just as Harvey’s work recorded in * il iibcllo d* oro ’ was the compliment to the 
anatomical period of the sixteenth century and the labours of Vesalius, so Borelli’s 
monumental work continued that of Harvey, and co-ordinated and brought into 
relation other functions of the body. Over twenty years of his life were spent in 
Messina, and when he quitted Sicily he found refuge in Borne. Bobbed by his 
servant of practically all his belongings, old, infirm, and poor, he found in the last 
years of his life a peaceful resting-place amongst the Fathers in the Collegio di 
San Pantaleonc dei Padri delle Scuole Pie, and it was these Padri who found the 
money and published his monumental work of 900 quarto pages, illustrated by 
nineteen magnificent plates crowded with artistic and vigorous delineations. 

The comparison of animals with machines is both legitimate and suggestive, 
and, indeed, it is a very fertile, if trite, idea, and the justice of the comparison 
becomes far more apparent now than in the days when Borelli unravelled living 
mechanisms as a problem in animal mechanics. At the end of the seventeenth 
century the chemical aspect of the question^ was just dawning. A rational 
chemistry wus springing out of the work and dreams of the alchemists. Vhe time 
had not arrived for the consideration of living organisms as * chemical machines,’ 
consisting essentially of colloid materials, which possess the peculiarities of auto- 
matically developing, preserving, and reproducing themselves, to use the words 
of Jacques Loeb in his most suggestive lectures, on ‘The Dynamics of Living 
Matter.’ There were, however, prophets in the land, and not the least interesting 
of these is Dr. Samuel Johnson himself, w ho appears in a new role as the prophet 
of man’s conquest of the air. ‘ In ‘ Basselas * he makes his hero say ; ‘ I have long 
been of opinion that, instead of the tardy conveyance of ships and chariots, man 
might use the swifter migration of wings, tha.t the fields of air are open to know- 
ledge, and that only ignorance and idleness heed crawl upon the ground.* We 
also find Victor Hugo among the prophets. In 1864, writing on the subject of 
aerial navigation, the poet expresses the opinion that the flying machine of the 
future will be the * helicopt^re,* that it will be * heavier than the air.* It was to 
be the bird flying where it listeth, while the balloon he compared to the clouds, 
wafted, driven, and tossed by the winds at their will. Looking at a balloon in the 
air one day, he said to Arago : ‘ See the egg soars. The bird yet to come. But 
the bird is within, and it will be hatched.* To-day the prophecy has been fulfilled. 

I^relli took all animal movements for his province, and dealt both with 
ex^nal visible movements and movements of internal organs with voluntary 
and involuntary movements. Th^ various typespof terrestrial locomotion he not 
ansuccessfully compared to the methods by which a boatman directs a boat. He 
studied the stability and displacement of a fish, and illustrates by an original 
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figure the principle of a diving-bell or submarine-boat. Marey points out that 
Borelli gave the first correct explanation of the flight of a bird. The wings act 
on the air, as he said, like a wedge — ^after the manner of an inclined plane — ^in 
order to produce a reaction against the resistance of the air whereby the body of 
the bird is driven forward. Marey himself admits the jorrectness of Borelli ’s 
theory, while modestly only claiming for himself the subordinate merit of having 
furnished the demonstration of a truth already suspected. 

The Graphic and Photographic Methods, 

The introduction of exact physical and chemical methods completely revolu- 
tionised the subject of physiology, especially from the period of Johannes Muller 
onwards. On the physical side no method contributed more to this advance than 
the * Graphic Method.’ It is a very remarkable fact that though man for cen- 
turies — indeed, for thousands of years before the Israelites crossed the Red Sea, 
about 1500 B.c. — had been writing or recording his thoughts in various graphic 
characters, by the skilled movements of his own right hand, on stationary surfaces, 
it was only about six decades ago that the, movements of other parts of his 
mechanism were recorded on a moving surface driven by clockwork. A more 
exact analysis and interpretation of animal movements was not possible until the 
graphic method had been applied to the study of movements which are either too 
rapid or of too short duration to be followed by the unaided eye. About 1800 
Thomas Young recorded time by means of a vibrating metallic rod on the surface 
of a cylinder. James Watt inscribed the movements of the indicator of his steam- 
engine on a cylinder, moved by the engine itself. In physiology the impulse 
towards the application of the graphic method came through Carl Ludwig in 1847, 
when he invented an instrument which he called a * Kymographion,* or Wave- 
writer. Thus for the first time was recorded the beat of the heart as expressed in 
the variations of pressure within the arteries. I shall show you to-night a lantern- 
slide copied from the original tracing taken by Ludwig on December 12, 1846. 

I owe this to my friend Professor A. Mosso, of Turin, to whom Ludwig presented 
a portion of the original tracing. 

The graphic method was rapidly extended to the study of all kinds of 
physiological and other phenomena. New apparatus in the form of * myographs' 
and other recording instruments were invented. Time was accurately recorded by 
vibrating tuning-forks and by chronographs. Problems deemed insoluble a few 
years before, thanks to the laboiirs and investigations of Helmholtz, du Bois 
Reyraond, and above all to Professor Marey, of Paris, were brought within the 
range of the experimental method. More, however, was still required. Photo- 
graphy soon lent its aid, and to-night € shall show some remurkalle results of the 
application af cinematography to the study of physiological movements as ex- 
hibited by the microscopic forms of life so numerous in water, as well as the 
movements of parasites that live in the blood, and are the cause of some of the 
most fatal diseases to which man and animals alike are subject. This I am able 
to do through the kindness of Mess s. Path4 Freres and Dr. Comandon. My best 
thanks also are due to the Gaumont Co., Ltd., for recording for me a special 
series of films expressly taken to illustrate this lecture, but which, I hope, may 
prove useful to other physiologists. I believe there is a great future for the 
application of the cinematograph to physiological problems, both as a^eans of 
investigation ana in teaching. 

Notes on the Illustrations, 

The first type of animal movement selected was that of Amoeba; lantern 
slides were shown to indicate its changes of form, mode of feeding, movements: 
and reactions to stimuli such as have been described by Jennings. Many attempts, 
have been made to explain Amoeboid movements by artificial imitations of proto* 
plasmic activities. The imitations are based on the assumption that these* 
phenomena in Amoeba and other protoplasmic masses are due to local chants of 
surface tension in a fluid mass— « view associated with the names of Quincke,. 
Biitschli, Rhumbler, and others. Gad^ in 1878, placed a drop of rancid oil on a 
dilute solution of carbonate of soda. The fatty acid acts on the oil, a soap is 
formed ; this lowers the surface tension at various points of the drop of oil, and 
as a result the drop changes its form and sends out projections having an external 
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reBemblance to the pseudopodia of Amoeba. In order to illustrate these artificial 
imitations a cinematograph film was projected of Gad’s experiment. In order 
to make the oil visible on the clear fluid carmine was rubbed up with the oil.^ The 
feeding movements of Amoeba were also shown. xVmong the most interesting of 
these is the experimert of Bh-ombler, in which a drop of chloroform in water 
takes in and rolls up within itself a very fine thread of shellac. A similar process 
occurs in Amoeba Verrucosa when it comes in contact with a green filament of an 
Alga, as IS described and figured by Leidy. Copies of the original figures of 
Leidy and Rhumbler were projected on the screen. 

The ciliated group of Protozoa were then considered, special attention being 
given to Paramoecium — a small, unsymmetrical cigar-shaped animal, just visible 
to the naked eye, and covered with over 3,500 cilia arranged in oblique rows, 
the cilia forming about gj^yth part of the entire weight of the animal. The cilia 
propel the animal in the water in which it lives, and as they move backwards with 
five times the energy they vibrate forward the animal is propelled forward, 
always, however, in a spiral course having a straight axis, a device which is 
marvellously effective, and is used by many aquatic animals. As the animal 
moves forward the cilia around the mouth cause a backward current of water, 
carrying food to the animal. Thus as it speeds along it can sample the water, 
take in its food, and do what the best submarines cannot do. It takes in its fuel, 
water and oxygen, en route, as it navigates the abysses of its pool. On meeting 
any obstacle in its path it has a wonderfully effective mechanism for avoiding 
these obstacles, the so-called ‘avoiding reaction,’ so graphically described by 
Jennings. It reverses its engines — ^its cilia — automatically swims backwards, turns 
to one side, and swims forward in a new direction. This backing-out process may 
be regarded as a negative reaction. It also shows marked positive reactions 
collecting in certain areas or in water containing dilute acids, an example of what 
it called ‘ Ghemotaxis.’ By means of films specially prepared by Dr. Comandon 
the movements of Paramoecium were demonstrated, the film giving a vivid repre- 
sentation of the wonderful life in the water peopled by Paramoecium and other 
organisms. Such a result is obtainable by photographing objects on a dark 
ground, the ultra-microscope being employed. Some other films by Dr. Comandon 
were shown to illustrate the microscopic flora and fauna of the intestine of a white 
mouse. A film of a Spirillum which moves by means of flagella was also shown. 

The work done by cilia was demonstrated by means of a film specially pre- 
pared for the lecture by Messrs. Gaumont. The lower jaw was removed from the 
brainless head of a dead frog. On the front part of the palate was placed a large 
piece of the animal’s liver, and on this a flag. The liver and Hag were rapidly 
carried backward right into the gullet. The ()ffect of heat in quickening the motion 
was demonstrate'a in the same way. The experiment illustrates what t,l^e combined 
action of thousands on thousands of cilia can do, as well as the importance of 
their action in removing secretions or other particles from the tubes or channels 
which they line. If their action is impaired — and it is wholly uninfluenced by 
the nervous system — or if the cells bearing th^m are shed, as in bronchitis, then 
the secretions accumulate in the tubes and blocK them. By means of a stroboscope 
an analysis of ciliary motion was projected on the screen to show the movements 
of the individual cilia ^d the combined action of the whole. By using a 
mechanical slide of another type the progressive and rolling movements of Volvox 
were also projected. „ 

Passing to fixed ciliated protozoons such as Stentor and Vorticella, their 
characteristic ciliary movements were shown by means of slides, while a film was 
used to' show the movements of Vorticella and the contractions of its stalk into 
a spiral by means of the myoids, or primitive contractile filaments that extend 
from its bell into its stalk. 

Movements of animals by means of undulating membranes were next con- 
sidered, and those of Trypanosomes were taken as the type. Trypanosomes occur 
abnormally in the blood of many different animals, from fish to man. A particular 
,4orm in man’s blood and in his cerebro-spinal fluid is the cause of the fatal 
malady ‘sleeping sickness.* Their movements in the blood of a rat were demon- 
strated by means of a film specially prepanjd by Dr. Comandon, in which these 
animals, propelled onwards by their flagellum and undulating membrane, could 
be seen forcing their way among the blood-corpuscles. 
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Passing next to the movements of sea-anemones, coloured slides were exhi- 
bited to show their general configuration, and in many their exquisite beauty 
of coloration. The reflex actions, spontaneity, and co-ordination of movements 
shown by these animals is by some attributed to the presence of a. nervous system ; 
others, such as Loeb, regard their roovemenU and responses to stimulation as 
due to the general characteristics common to all protoplasm. Loeb’s eiJIperiments 
of feeding a sea-anemone with a wad of paper dipped in crab juice, and another 
wad moistened with sea water, were described, and also his experiments on 
the beautiful Gerianthus. First the remarkable * righting* movements of a 
Cerianthus placed head downwards in a glass tube, and then similar movements, 
the animal righting itself when laid on a perforated zinc plate or wide-meshed 
wire gauze — an example of what is called Geotropism. 

The remarkable observations of Bohn on Atlantic Actinia that live between 
high and low water mark were referred to. The animals, when removed to an 
aquarium' where they are constantly and completely under water, expand their 
tentacles at high •water and close them at low water. This rhythm is retained 
for several days. Parker’s observations on Metridium were mentioned, as well as 
those of Gamble and Keeble on Convoluta. 

The fascinating problems suggested, by the rhythmically pulsating bells of the 
Medusas or jelly-fish, so carefully investigated by Romanes, were next introduced. 
Their forms and beauty were shown by coloured slides reproduced from the works 
of Allman and Haeckel. The animal is propelled by the expulsion of water by 
the contraction of its bell, so that the animal itself is propeHed in the opposite 
direction — a method adopted by some other aquatic animals. The contractions or 
beats are as orderly as the beats of the human heart itself, and at once suggest a 
comparison with cardiac rhythm. In the naked-eye Medusa (Sarsia), which was 
shown, Romanes found that complete removal of the extreme margin of the bell 
caused immediate total and permanent paralysis of the entire organ, while the 
separated portion continues its contractions ; if a small piece of the margin is left 
attached to the bell the umbrella still contracts. Romanes inferred that in the 
naked-eye Medusse theie are centres of spontaneity for the origination of impulses 
to which the contractions of the swimming-bell are exclusively due. The quiescent 
marginless Sarsia, if stimulated mechanicallv, respond with a single beat, just 
as does the ventricle of a frog’s heart brought to a standstill by the application 
of the first ligature of Stannius. The impulse to movement and co-ordination are 
due, according to Romanes, to the presence of the nervous system, t.e. are 
neurogenic, while Loeb from Ms experiments on Gonionemus— an American form 
— ascribes the beat to ions which serve to bring about the labile equilibrium of 
the colloid condition of the protoplasm. The locomotion of this simple animal is 
due to tl)p contraction and relaxation of one thin sheet of mtscular fibres which 
bring about co-ordination. During the contraction phase the bell does not respond 
io stimulation; it is inexcitable or refractory — a stage called the ’refractory 
phase.’ It is this which prevents disharmony when multiple stimuli are applied 
during the contractile phase. A refractory phase was first noticed in the heart 
by Kronecker and Stirling man^f years ago. Marcy studied it carefully and gave 
it its present name. 

The Eohinoderms represented by sea-urchins a.id starfish were next con- 
sidered. The observations of Romanes and Preyer were illustrated ^y means of 
slides. The movements of the tube feet were shown by tho cinematograph ; then 
followed a film to show their ’righting’ movements, and another to show 
Astropecten burying itself in the sand by means of its tube feet. The researches 
of Von Uexkull on these animals and on the brittle stars were next referred to and 
similarly illustrated. Von Uexkull regards the sea-urchin as a ’republic of 
x^flexes.’ The movements of a slug have to sufiioe for the Mollusca. The shadow 
of a Uving slug was projected on a screen, and the retraction of its horns demon- 
strated on the animal itself and the mechanism by which it is brought about by 
means of a model. 

The subject of flight was dealt with very shortly, the observations of Da Viqci, 
Pettigrew, Marey, Lendenfeld, and others being referred to, including the receH 
researches of Mons. L. Bull carried out at the Marey Institut at Paris. By an 
ingenious apparatus, a dragon-fly — ^Agrion — ^was cinematographed, and through the 
kindness of M. Bull the original film was projected. The animal makes about 
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thirty-five beats of the wings — ^it has two pairs — ^per second. The electric spark 
was used, and by this means an enormous number of exposures per second can be 
obtained. The wings make a figure of 8 movement from behind forward, while 
in birds the figure of 8 described by Pettigrew is from above downwards. 

The Allowing table 5roin Mskrey shows the number of vibrations per second 
made by Hhe wings of certain insects : — 


Name. Per Second. 

Common Fly 330 

Drone Fly 240 

Bee . . ' 190 

Wasp 110 

Humming-bird Moth 72 

Dragon-fly 28 

Butterfly, White 9 


The work of Borelli on the^flight of birds was illustrated by a copy of Borelli’s 
original figure. The splendid work of Marey by the graphic and photographic 
methods was referred to. There is one striking fact about the flight of birds — 
viz., that the pectoral muscles which move the wings are equal to one-sixth of the 
total weight of the animal. The following table from Marey shows the number 
of vibrations per second : — 


Name. *' 
Sparrow 
Wild Duck 
Pigeon 

Moor Buzzard 
Screech Owl 
Buzzard 


IVr Second. 

. 13 
. 9 

. 8 
. 6 
. 5 

. 3 


The last part of the lecture dealt with reflex action as the physiological unit 
in the operations of the nervous system, the subject being represented by the 
reflex movements of a pithed brainless frog, and by the protective reflexes of such 
animals as crabs, lizards, &c., which, as shown by Fredericq, amputate a limb or 
the tail when limb or tail is violently seized. That animals can still execute well 
•co-ordinated movements after certain injuries to tl^e nervous system was illustrated 
by showing a film of a frog climbing an inclined plane and maintaining its 
equilibrium after removal of its cerebrum. The stopping movements of a dog, in 
v^hich Professor ^Herrington had completely rdivided the spinal cord, were also 
shown. As to the movements of internal organs, some films were pmjected to 
show the heart beating after removal from the body of the frog, tortoise, and 
rabbit. The last films showed the excised heart of a rabbit, prepared by Dr. Locke 
and perfused with his fluid, beating and recording its beats on a moving 
blackened cylinder, the effects of chloroform its beats, stopping them, and 
the recovery of the beat after washing out the chloroform ; and to give an example 
of a rhythmical beat due alterations of surface tension, the rhythmical beats 
of a globule of mercury, known as ‘ Ostwald’s physical heart,’ were projected. 


MON DAT, SEPTEMBER 6. 

Recent IlUtite Discovery- By D. G. Hogarth, M.A. 

The object of the lecture was to show in outline how the memory of the Hit- 
tites as an imperial people has been recovered and what their place in world- 
jpetory was. This recovery dates from the finding in 1834-36 of two prehistoric 
^ties at Boghaz Keui and Uynk in North-Western Cappadocia. Their sculptures 
and inscriptions were ultimately recognised by Sayce as belonging to the same 
family as certain inscriptions and sculptures which had been found at Hamath 
and elsewhere in Syria after 1870, and also some other monuments observed in 
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Asia Minor, at Ibriz and near Smyrna. These Syrian monuments had been 
already ascribed to a people which, under the name of Khtta or Khati, played 
a large part in the Syrian relations of Pharaohs of the XVIIIth to the XXth 
Dynasties, and in those of the Assyrian kings and this p<^ple, it was generally 
agreed, was identical with the * children of Hcth ’ or Hittites of the (Md Testa- 
ment. If the latter were responsible for the monuments in question ^in Syria, 
then, too, they wore responsible, in some sense, for the monuments in Asia 
Minor; and, in any case, it was clear that a very peculiar and important civilisa- 
tion, covering a large area of the Nearer East in the second millennium b.c. and 
the early part of the first, had been forgotten by hi.=5tory. 

Scholars and explorers made continual efforts during the next quarter of a 
century to elucidate this civilisation, and succeeded so far as to place its origin 
in Asia Minor, and to fill up, more or less, by the discovery of many new monu- 
ments the geographical gaps dividing those first observed. They found that these 
monuments lay, roughly, along, lines of communication leading from North- 
Western Cappadocia to the south and west, and they established in fact that not 
only Northern Syria but West Central Asia IMinor showed such monuments in 
almost every part. But fundamental questions — who were the authors of this 
civilisation? where precisely was its chief focus? and who shared its develop- 
ment? — had still to be left open; and it was not till Boghaz Keui came to be 
excavated by Winckler and his companions in 1906-07 that they could be 
answered. 

At the laet-namcd site, known for some years to produce cuneiform tablets 
partly in Babylonian, partly in an unknown tongue, the excavators explored a large 
megalithic group of ruins in the lower city and fortifications, and certain other 
structures in the upper, besides clearing and re-examining the long-known 
religious rock-reliefs of Tasily Kaya. Besides .several mural sculptures, of which 
the most interesting shows an armed Amazon, the explorers came on a number 
of cuneiform tablets, chiefly in the ruins of the earlier portion of the lower 
rriegalithic building, which was evidently a palace. These tablets proved to be in 
the main Foreign Office archives of six generations of kings, who ruled over the 
Hatti of Boghaz Keui in the fourteenth and thirteenth centuries B.c. They con- 
clusively prove that the Hatti of Cappadocia were the Khati who fought with 
Egypt at Kadesh, and made the famous treaty with Rameses the Great. The 
first important reign was that of Subbiluliuma, contemporary of Amenhotep IV. ; 
the last was that of Hattusil* II., the * Khetasar * who made the treaty with 
Rameses. But we know from Babylonian, Assyrian, and Egyptian i-ecords that 
both before and after these kings, the Hatti were a power in Western Asia, and 
wo have to credit them with a history of at least a thousand years. The tablets 
show tha^ Subbiluliuma extended Cappadocian power over North hyria and even 
over great part of Mesopotamia, whore the Mitanni had formerly been dominant ; 
and that this wide dominion, extending even to the Babylonian frontier, was 
preserved by his chief successors, Mursil and Mutallu, and not lost till after 
the reign of Hattusil II., wh; treated with both Egypt and Babylon as an 
equal. Startling as this revelation is, we now see that without the existence of 
such a Hittite power the wide distribution of the Hif;bite monuments, civilisation, 
and physical type would have remained inexplicable ; and we recognise in Boghaz 
Keui the natural focus from which these radiated over Asia Minot and Syria. 
But we recognise also that many of these monuments and much of the Hittite 
civilisation were work of other peoples than the Cappadocian Hatti — ^peoples 
who had learned of the latter and in many cases outlasted them. Other phenomena, 
too, are explained by the revelations at Boghaz Keui, notably the failure of the 
Aegean power of Crete to effect a lodgment fn Asia Minor, and the long 
continuance of the Hittite name and fame in Syria. Moreover, they account, as 
nothing else can, for the Oriental influences which acted on the earliest Hellenic 
civilisation, especially on Ionian art and religion. For not even the early contact 
between the Muski-Phrygians and Assyria appears to have resulted in sufficient 
orientalisation in Phrygia and Lydia to explain the Greek phenomena. The i^al 
distributing agency of Orientalism was Cappadocia, whose art and religion wei6 
of the required type. • 

H is evident, then, that a great, if forgotten, part has been played in the 
relations between East and West by the civilisation which occupied so long the 
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whole land bridge between Asia and Europe. The long survival and great 
extension of Hittite influence in Syria has been illustrated by the excavations at 
Sinjerli and Sakje Geuzi, and by recent discoveries in the basin of the Middle 
Euphrates on both sides of the river. But an immense field remains to be 
explored, rand other important sites must be thoroughly examined, notably Car- 
chemish, Marash, and Malatia. When even one of these is dug according to the 
best modern methods a flood of light will be thrown on Hittite archaeology ; and 
with the help which the decipherment of the non-Babylonian Boghaz Keui tablets 
will afford to the decipherment of the Hittite inscriptions, already phonetically 
interpreted in no small measure by Sayce, the study of the Hittite civilisation will 
take its place in the field of scientific history. 
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The Fossil Flora and Fauna of the Midland Coalfields, — Report of the 
Committee^ consisting of Dr. A. Strahan (Chairman), Dr. F. W. 
Bennett (Secretary), Mr. H. Bolton, Dr. A. R. Dwerryhouse, 
Dr. Wheblton Hind, cmd Mr. B. Hobson, appointed to investi- 
gate the Fossil Flora and Fauna of the Midland Coalfields. 

Report on the Fossil Fauna and Flora of the Southern Portion of 
the Derbyshire and Nottinghamshire Coalfield. By Robert Douglass 
Vernon, B.Sc., Emmanuel College, Cambridge Exhibition of 1851 
Research Scholar, 

Introduction . — ^The following preliminary report on the fossils of 
the southern portion of the Derbyshire and Nottinghamshire Coalfield 
records some of the results of my work during the past two years on the 
area delineated on the one-inch map, Sheet 125 (new series) of the 
Geological' Survey, which includes that part of the coalfield south of 
Alfreton. The chief object of this report is to record the occurrence and 
distribution of the fresh-water mollusca, the fish, and the plants in the 
new fossil horizons described below. 

Particular care has been taken to fix the exact stratigraphical 
horizon from which the fossils have been obtained, and in order to 
avoid the sources of error involved in collecting from colliery tip-heaps 
those collieries have been selected which work only one seam of coal. 
In all doubtful cases, as where two or more seams are worked at the 
same colliery, confirmatory evidence has been obtained by making a 
personal examination of the underground workings in 'jrder tiP locate 
the fossils m situ. 

Previous Records , — No detailed account of the work of previous 
observers will be given here, since this has already been done for the 
flora by Mr. E. A. N. Arber,’ and all the records of previous workers 
on the fauna may be summarised in the statement that only nine species 
of mollusca and eleven species of fish have been Obtained. 

Fossil Horizons . — ^The productive coal-measures of this dis^ict havtf 
a vertical thickness of more than 3,000 feet, and contain, as may be 
expected, a large number of fossil horizons. In so far as the fish and 
mollusca are concerned the underclays and sandstones are mostly 
barren, the cannel coals usually contain fish, whilst the shales and 
their associated beds and nodules of clay ironstone, locally called 
* Bakes,’ are the chief repository for mollusca, fish, and plants. 

It must be noted, however, that the efforts of the present-day col- 
lector are restricted to the strata immediately overlying the seams ot, 
coal, and it is from such deposits that the fossils recorded below have ' 
been obtained. * 

* Proe, Yarhs, Oeol. 8oo., vol. xvii., Pt. ii., 1010, pp. 132-65. 
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Mode of Occurrence of the Fossils. — ^Both the plants and the mol- 
lusca occur in the grey shales (blue binds) and in the associated nodules 
of ironstone. In such deposits the niollusca are preserved as internal 
casts in ironstone, feut in the black carbonaceous shales (black bat or 
bass) felie shell itself is frequently present. 

The fish are found as odd, scattered fragments in almost all the 
shales throughout the sequence; sometimes the remains become so 
numerous as to form thin ‘ bone beds ' composed of comminuted 
bones, teeth, scales, and spines, with, on rare occasions, a more or less 
complete fish. These bone beds are most common in the black, fissile, 
carbonaceous shales which so frequently overlie, and pass laterally into, 
seams of coal, particularly carmel coal. It is from such bone beds that 
the fish about to be considered have been collected. 


General Section of the Derbyshire and Nottinghamshire Coalfield 
showing the chief Fossil Horizons. 

The distribution of the chief fossil horizons in relation to the impor- 
tant seams of coal, is given in the following general section (in descend- 
ing order) of the coal-measure sequence : — 


strata Approximate thick- 

ness in feet' 

Measures .... 500 


Clowne Coal 





Measures 



330 


Mainbright Coal . 



. 

• . 

Measures 



50 


Hazles Coal 





Measures 



350 


Top Hard Coal . 





Measures 



80 


Dunsil Coal 





Measures 



10 


Waterloo Coal 

Measures 


, 

300 


Ell Coal 

Measures 



40 


Deep Soft Coal . 

. 


, 

, 

Measures 

, , 


80 


Deep Hard Coal . 

, 


. , 

, 

Measures 

. , 


70 


Piper Coal 

Measures 

. . 

, 

40 


Hospital or Bottom Piper Coal 

. 

, 

, 

Measure.) 

, , 

, 

100 


Furnace, Tupton or Low Main 

Coal 

. , 

, , 

Measures 


, 

150 


Blackshale Coal . 

, , 


, , 

, , 

Measures 



no 


Mickley Coal 

Measures 



300 


Kilbum Coal 




, , 

Measures 



440 


Kaughton Coal . 



• 

. • 

Measures 



130 


^ton Coal 



• • 

. . 

Measures 
Belperlawn Coal 

• 


300 



Fossil 

Horizon 

Fish bed. 

Shell bed. 

/Shell bed 
\ Fish bed 

Shell bod. 
Shell bed. 


Shell bod. 
Fish bed. 
Shell bod. 
Fish bed. 


Shell bed. 

Shell bed. 

Shell bed. 
Fish be<l. 


Fish bed. 

/Shell bed. 

\ Fish bed. 

/Shell bed. 

1 Fish in marine bod. 


' These figures apply to the district as a whole and not to any particular colliery. 
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Clowns Coal . — ^From the black shale roof of this coal at the 
Annesley Colliery the following fish remains were obtained: — 

Bhizodopais sauroidea (Willm.). 

Coelacanihfia elegana (Newb.). 

Platyaomua pawulua (Youn^^). 

Elonichthya, sp. 

Mainbright Coal . — ^From No. 1 pit of the* irucknall Torkard Colliery 
the following were obtained: — 

MOLLUSCA. 

Carhonicola aquilina (Sow.)* 

„ avJhconatricla 
Naiaiites modiolaria (Sow.). 

Anthracomya WiUiamaoni (Brown). 

PLANTS. 

Neuropteria heterophylla (Brongn.). 

Calamitea, sp. 

Calamocladua, sp. 

Lepidodendron, sp 

FISH. 

Diphdua gihhosiLa (Agasa.), tooth. 

Hazles Coal . — At the Gedling Colliery the roof of this seam is a 
prolific horizon for fossils, as the following lists show: — 

MOLLUSCA. 

Carhonicola acuta ? (Sow.). 

„ aquilina (Sow.). 

„ turgida (Brown). 

„ ohtuaa (Hind). 

„ auhconatricta (Sow.). 

• 

All the species are common and the shells frequently have the 
periostracum preserved. The specimens of G. aquilina belong to a 
widely sjgread and well-known variety of the species; they afe similar 
to those figured by Dr. Wheelton Hind from the Moss coal of the 
North Staffordshire Coalfield. 


. FISH. 

Acanthodea Wardi (Egei-t.), fin spines, palato- quadrate, scales. 

Rhizodopaia aauroidea (Willm.), scales, ve^br 9, maxillsB with teeth. 
Diphdua gibhoaua (Agass,), teeth. 

Megalichthya Hibberti (Agass.), teeth, body scales. * 

Coetacanihlia elegana (Newb.), scales, gukr plate, operculum. 

Pleuroplax Rankinei (Agass.), teeth, spines. 

Strepsudua aauroidea (Binney), teeth. 

Platyaomua parwdua (Young), scales. 

Ehnichthya Aitkeni (Traq.), scales. 

This fish bed appears to be present in the roof of hazle coal of 
the Hucknall Colliery, from which a few fragments were obtained 
including : — 

Rhizodopaia aauroidea (Binqey), scales and vertebree. 

Diphdua gitboaua (Agass.), t^th. 

MegalichHiya Hibherti (Agass.), scales. 

EhnthhMa, sp., scales. 

191D. 3 H 
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PLANTS. 

The.Iollo^ing plairts were obtained from this horizon: — 

'■ ‘ * I Colliery. 

’ Cq^mites vafiaw (Stornlx), Geclling 

„ ci/tii (Brongm), »» 


sp. 

Neurojiteris dbliqua (Brongn.), 

sp. • » 

Lepidophloios laricinus (Sternb.), 
Lepidodendron ohovatum (Sternb.), 

„ lycopodioviea (Stcmb.), 

„ ophiurua (Brongn.), 

dichotomum (Stonib.), 
Lepidoatrobus, sp. ^ 

SigiUaria laevigata (Brongn.), 

„ ovata (Sauvanr), 


Hucknall Torkard 


f> t> »> 

»»■ »» »* 

>» »» »» 

»» »» >» 

9* 99 

99 99 99 

99 
99 


Specimens of Lepidodendron are the only common plants at this 
horizon. 

Top Hard Coal . {Barnsley Bed ). — In discussing the rnolluscan 
assemblage foiled in association with this seam an experimental area 
of about 40 square miles will be considered; its boundaries are fixed on 
the west by the almost continuous outcrop of the coal from Wollaton, 
near Nottingham, to Pinxton, a distance of ten miles, and on the east 
by the line of collieries from Gedling up (he Leen Valley to Annesley. 
Within this area the fossil horizon has been detected in the three good 
exposures on the outcrop of the seam: — 

Digby clay pita. Level at Brookhill Leya. 

Clay pit at Stonoy Lane, Brinsley. 

and also at the following eight collieries: — 

Gedling. Annesley.* 

Bestvvood. Bulwcll. 

Ilueknall Torkard. New JVatnall. 

Ne\< stead. ^ High Park. 

There is thus every reason to infer that this fossil horizon extends 
continuously throughout and beyond the area under consideration. 
The follo\\ing general section of the roo{ of the Top Hard Coal illus- 
trates the mode of occurrence of the fossils : — 

' Grey shale with bands and* nodules of ironstone, numerous shells. 

Combo Coal. 

UndcreJay (elunch) passing laterally into shale with sheila. • 

Top Hard Coal. 

The following li.sts enumerate the fossils from this horizon: — 


M0LLU8CA. 


Naiadites modiolaris (Sow.). 
„ carinata (Sow.l. 

„ iriangularib (Sow.). 
„ quadrata (Sow.). 


Carhonicola aquilim (Sow.). 

„ similis (BrownV 
„ nucularia (Hind.). 
Anlhrcuiomya modiolaria (Sow.). 
c*„ Williamaoni (Brown). 


FISH. 

' , Oodamnthua degans (Newb.), a solitary scale ; Gedling Oollieiy. 
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PLANTS. 


Colliery. 

Calamiiea mckowti (Brongn.), 

Ne^stcad 

.-T- 

„ variana (Stemb.), » 


Ge'fling 

Sphenophyllum mneifolium^ var. 


„ aaxifragw folium {Stettih.), 

«rT* « 

i 

•f 

Neuropteria gigantea (Stemb.),* 

Newstead 

— 

„ * heterophylla (Brongn.), 


Ocdjiing 

„ obliqua (Brongn.), 



„ tenuifolia (SchL), 

— 

* f* 

Alethopteria lonchitica (Schl.l, 

Mariopteria muricata (Schl.), 

Newstead 

»i 

it 

— 

„ loti folia (Brongn.), 

it 

Gcdling'* 

Sigillaria laevigata (Brongn.), 

it 

— 

„ rugoaa (Brongn.), 

— 

Hucknall Torkard 

Lepidodendron aculeatum (Stornb.), 

Newstead 

it 

Lepidophyllum land folium (I^esq.), 

— 

Oedling 

„ cp. intermedium. 

— 

it 

Lepidoatrobua, sp.. 

Newstead 

it 

Stigmaria ficoides. 

it 

it 

Pinnidaria, sp.. 

— 

it 

Trigonocnrpvs Parkinaoni (Brongn.), 

Newstead 

a 


Between the Top Hard Coal and the Deep Soft Coal ex])osiires are 
scarce, consequently the iiuinber of fossil horizons known from these 
intermediate measures are few. 

Nmety-eiglil yards below the Top Hard Coal. — During the sjfiking 
of the new shaft to the Blackshale Coal at the Pinxton Colliery a pro- 
lific fish-bed was discovered in a black shale or inif)ure feanncl coal at 
this depth, which contained the following fossils: — 

FISH, 

Acanihodes Wardi (Egert.), fin spines. 

Jihizodopsis sauroides (Willm.), scales, and cM'cpting the head a nearly 
complete fish. * 

Coelacanthua elegaim (Newb.), scales, jugular plate. 

Megalichthys Ihhberti (Agass.^ scales, teeth, mandible uith teeth. 

Diy^odim gtbbostis (Agas.s.), teeth. 

Platysomua parvulvs (Young.), scales. 

Elonichthys, sp., scales. 

The following plants were also obtained at about the same depth: — 

PLANTS. 

Pecopteria Miltoni (Artis.). 

Neuropteris gigantea (Stemb.). 

„ obHqtta (Brong.). 

Seventy yards above the Deep Soft Coal. — From an exposure on 
this horizon in the Midland Eailway cutting at Pyebridge, Dr. L. 
Moysey, of Nottingham, has kindly sent me a number of shells, 
including the following. 

MOLLUSCA. 

Carhonicola turgida (Brown.). 

„ aquUina (Sow.). 

„ evhcoMtricta (Sow.). 

NaiadUea modiolaris (Sow.). • 

Anthracomya modiolaris (Sow.), 
f WiRkmaoni (Brown). 



832 


APPENDIX. 


C. turgida and A. modiolaris are Here the most common forms. 
The shells occur In black shales and have the periostracum preserved. 

Fifty yards above the. Deep Soft Coal . — An exposure at Messrs. 
Oakes and Co.’s clay«.pit at€?yehill contains numerous shells, chiefly 
in the irAnstone nodules from certain grey shales. The following were 
obtained: — 


MOLLU8GA. 

Carhonicola aquilina (Sow.). 

„ turgida (?) (Brown). 

„ nucularis (Hind.). 

Naiaditee modiolaria (Sow.). 

Anihracomya modifdaris (Sow.). 

The fossils are all in the condition of internal casts in ironstone; 
C. aquilina and A . modiolaris b6ing the only common species. 

Deep Soft Coal. — ^At Cinderhill Colliery the black shale roof of this . 
coal contains crushed shells, including: — 

MOLLUSC A. 

CUrhonicola aquilina (Sow.). 

„ auhcpnstricta (Sow.). * 

as well as fish remains, including: — 

FISH. 

^ Ehizodopsia sauroidea (Willm.). 

Coelacanthua elegana (Nowb.). 

Megalichihya Ilibberii (Agass.). 

Deep Hard Coal. — At the Eadford Colliery a heavy, black fissile 
shale, said to fonn the floor of the seam, is rich in fish, as the following 
list shows: — 

■ t 

Acanthodea Wardi (Egei*t.), fin Hpines. 

Meyalichthya Hibberti (Agass.), teeth, scales. 

P^dyaomua parmilua (Young), Ccalos 
Rhizodopaia aauroidea (Willin.), scales, vci-tebrae. 

Codacanthua elegana (Nowb.), scales. 
likadinichihya Wardi (?) (Ward), scales. 

Cheirodua granuloaua (Young), palatal dentigerous bono. 

Elonichthys Egertoni (Egert.), serfes. 

Deep Soft and Deep^Hard Coal. — ^In both these seams, at the part- 
ing between the coal and the roof, and more rarely in the seam itself, 
large fish remains, especially ichthyodorulites, are sometimes found. 

This horizon was discovered by Mr. T. G. Lees, manager of New- 
stead Colliery, in the workings of the Clifton Colliery. His collection 
includes the following species : — 

Oyracanthua formoaua (Agass.), spines. 

CtenacarttHua, sp., spines. 

Strepaodua aauroidea (Binney), tooth. 

Megalkhthya Hibberti (Agass.), teeth, scales, vertebrae. 

This horizon also occurs at the Bedford Colliery, where the same 
species have been obtained. In each case the remains are very much 
larger in size than those from any other fish-bed in this district. 
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At Eadford Colliery the roof shales of these coals contain shells, 
including the following: — 

ArUhracomya modiolaru (Sow.)* 

Naiaditea carinaJta (Sow.).- 

Carhonicola nucularia (Hind). 

Many of these shells, especially the specimens of C. nucularis, are 
infested with numerous spirorbis. 

At the Waingroves Colliery, Cross Hills, near Heanor, certain iron- 
stone nodules, probably from below the Deep Soft Coal, contained the 
following shells: — 

Carhonicola acuta (Sow.). 

„ ovalis (Martin). 

A fish-bearing cannel coal, probably frojn the Deep Soft seam, con- 
tained the following : — 

lihizodo'psis sauroides (Wdlm.). 

Coelacanthus elegans (Ncwb.). 

Megalichthya Hihherti (Agass.). 

Furnace Coal. — This seam is exposed in the floor of a brick pit 
close to the canal, near Cossall Marsh, Ilkeston. Prom the black roof 
shales o’f the coal, and from the overlying grey shales with ironstone 
nodules, the following fossils were obtained: — 

MOLLUSCA. 

Carhonicola acuta (Sow.). 

„ acuia, var. rhomhoidalis (Hind). 

„ aquUina (Sow.). 

„ turgida (Brown). 

„ nuadaria (Hind). 

„ roouata (Sow.). 

Naiaditea modiolaria (Sow.). 

Blacl^Shale Coal. — At the J^inxton Colliery the black roof*shales of 
this seam contain fish remains, but it is characterised by a profusion of 
shells, Carhonicola robusta being the most common. The assemblage 
includes the following species of mollusca: — 

Carhonicola rdbuata (Sow.). 

„ nucularia (H^d) . 

,, . aquilina (Sow.). 

M turgida (Brown). 

Naiaditea, sp. 

This horizon, which extends over a large area, is of special interest 
on account of the large size to which the specimens of Naiadites attain. 
All the fossils have the shell substances preserved, and, although 
frequently crushed, the hinge area is often clearly seen. 

The same coal at the Pyehill Colliery yielded the following plants : — 

Akthopteria hnchitica (Schl.). 

„ valida (Box^y). 

Lepidodendron Worfheni (Lesq.). 

TrigonoearpuSp sp. 

OordatarUhna Pitcairniae (L. and H.). 
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Sixty yards above the Kilburn Coal. — ^Between the Blackshale Coal 
and the Kilburn Coal exposures are scarce. A brick pit at the Albany, 
north of Stapleford, sliows a thin coal about 60 yards above the Kilburn 
Coal. ]^rom the ironstone Sodules in the black shales overlying the 
coal the following mollusca have been obtained: — 

Naiadiles modiolaris (Sow.). 

Carhonicola aquilina (Sow.). 

„ rohusta (Sow.). 

In addition, a solitary scale of Coelacanthus elegans (Newb.) was 
found. The floor of the brick pit is a very hard, massive, ripple- 
marked bed of ganister-like sandstone containing numerous specimens 
of Carhonicola aquilina. This is the first occasion known to the writer 
of the occurrence of the mud-loving genus Carhonicola in an arena- 
ceous rock. 

Kilburn Coal. — ^The Survey record a fish-bed from the roof of this 
coal at the Denby Colliery. 

At the Horsley, Dale Abbey, Stanley, and Mapperley Collieries the 
black roof shales of this coal also contain fish remains. The list, 
which is still incomplete, includes the following: — 

Megalichthya Hibherii (Agass.). 

Jihizodopsis sauroides (Willm.). 

Sphenacanthus hybodoides (Egert.). 

Acanlhodes Wardi (Egert.). 

Ehnichthys Egertoni (Egert.). 

CoelacarUhm elegans (Newb.). 

At the Trowell Moor Colliery a few shells occur, including: — 

Carbonicola similis. 

Naiaditea modiolaria. 

The specimens of C. similis are identical in condition and size with 
those recorded from the Top Hard Coal. ^ 

The roof shales of the Kilburn Coal in the new sinking at Loscoe 
Colliery, hear Heanor, yielded a number of shells, including: 7 — 

Carbonicola robusta (Sow.). 

„ aquilina (Sow.). 

Honey croft Rake. — ^In the Stanton dif|trict, on the outcrop of the 
Kilburn Coal, the abandoned open-cast workings in this rake contain 
specimens of Carhonicola rohusta (Sow.). 

The rqpf shales of the Trowell Moor Colliery yielded the following 
plants; — 

Catamites cistii (Brongn.). 

„ ramosua (Artis). 

„ sp. (external surface). 

SphenophyUum cuneifolium (Stemb.). 

AletJuyj^eria lonchitica (SchL). 

Marioptefia kUifolia (Brongn.). 

99 SP« 

Neuropteria heierophyUa (Brongn.). 

„ dbliqua (Brongn.). 

Aphkbia erispa (Gutbier). 

Lepidophyllum lancifoliua (LeSq.). 

Stigmaria fieoidea, 

Pinntdaria, sp. 
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Ten yards above the Naughlon Coal. — From this liorizon a per- 
sistent shell bed in the Ilkeston district has yielded the following list : — 

Carbon icola acuta (Sow.)* 

„ acuta, var. rhomhoidnlis (Hihvl). 

„ aquilina (Sow.). 

„ nucularis (Hind). 

„ rohusta (Sow.). 

Naiadites modidaria (Sow.). 

Anthracomya rnodiolaria (Sow.). 

„ laevia, var. acotica (R. Eth., junr.). 

Carhonicola acuta and G. aquilina were the most abundant species. 

Naughton Coal. — It has not been possible to add to the list of fisli 
remains recorded by the Survey from the roof of this coal at tJie Kil- 
buni Colliery, although the fish-bod has been found to occur on tlie 
outcrop of the coal on Dale Moor, near Stanton. 

Dale Moor Rake. — Some fifty years ago the ‘ bottom balls ’ of 
this rake in the workings near Stanton yielded a large number of entire 
fishes in an excellent state of preservation. A number of tliese, 
including several type specimens, are preseived in the ^Museum of tlie 
Geological Survey, in the British Museum, and in tlie Binney collect ion 
at the Sedgwick Museum, Cambridge. 

The complete list is given below for the i)urj)ose of comparison with 
the lists from other fish-beds higher in tlie serjuence: — 

Rhizodo'paia aauroidea (Willin.). 

Coelacanthua elegana (Newb.). 

Ptatyaomua tenuistriatua (Traq.). 

Ehnichthya Aitkeni (Traq.). 

„ Binmyi (Traq.). 

Meaolepia Wardi (Young). 

„ miewptera (Traq.). 

„ acalaria (Young), 

Alton Coal. — ^The marine bed roof of this coal contrins fisb remains, 
both in the shale and in the pyritous nodules. Specimens have been 
collected from the following localities — the trial sinking at the Oakwcll 
Colliery, Ilkeston, the abandoned colliery at Alton, and the outcrop of 
the seam at the Bullbridge b.ick pit at Arnbergate. 

The list, which is incomplete, includes the following: — 

Hophnehua, sp. 

Rhizodopaia aauroidea (Willm.). 

Rhadinichthya monenaia (Egert.). 

Megalichthya inJUrtmdiua (A. S. Woodw.). 

„ flibberti (Agass.). 

Ehnichthya Egertoni (Egert.). 

„ sp. 

Coelacanthua (Newb.). 

Acanthodea sp. 

With the exception of the plants, the various lists of fossils recorded 
above are summarised in the following two tables in order to bring out 
more clearly the vertical range *of each species and also the assemblage 
of fossils characteristic of the chief fossil horizons. 
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The Vertical Range of the Mollusca . — Of the twenty species of 
lamellibranchs recorded above, three are very common and range 
ihroughoSit more than 2,600 feet of strata, they are: — 

Carhonizola dqukina. 

,, acuta, 

Naiaditea modiolaria. 

The range of the following three species is also very wide : — 

Carhonicola similis. 

„ turgida, 

Anthracomya modiolaris, 

C, similis occurs in the roof of the Kilburn Coal and also in the roof 
of the Top Hard Goal some 1,300 feet above; but, in spite of repeated 
search, this shell has not yet been found in the intervening measures. 

Anthracomya Phillipsii appears to be restricted to the highest 
measures above the Top Hard Goal. The following four species have, 
up to the present, been found only in the middle portion of the sequence 
between the Mainbright Coal and the Deep Hard Coal : — 

Carhonicola oUum, 

„ auhconstrida, 

„ ovalia, 

Anthracomya WiUiamsoni, 

The lowest measures between the Deep Hard Coal and the base of 
the coal-measures are characterised by the presence of the following 
four species : — 

Carhonicola rohuata, 

„ nucvlaria, 

„ aculat var. rhomboidalia. 

Anthrajcomya laevis, var. acotica. 

In addition to the species of mollusca crecorded above, it has been 
observed that several intermediate varieties, showing gradational forms 
between two or more species, are by no jneans rare. 
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TABLE I. 

TAst of Fish Remains from the Chief Fish Beds, 


Species 




g'o 

3D fl5 ® 

*iW ft 


S E ' s ' 8„ 

«J Hll 

g'U so so «« 


ELASMOBRANCHIT, 

I.--ACANTH01>II. 

Acanthodes Wardi (Egert.) . 


M sp 

U.— ICHTUYOTOMI. 

Diplodus gibbosus (Agass.) 

III.— HELACmi. 
i- 

. Pleuroplax Ranhenei (Agass.) 
Sphcnacanthus hybodoides (Egert.) 

IV. - ICIITHYODOIIULITKS. 

Gyracanth'us formosus (Agass.) 

Cienaca7ithits, sp 

I Hoplonchus, sp 


— i X X — XX 


TELEOSTOMI. 


I.--CROSHOPTEUYGII. 


Coelacanthus ehgans (Newt.) . . . x 

Megalichthys Hibhcrti (Agass.) . . — 

„ iniemiedius (A. S.Woodw.) • — 
Rhizodopsis saih'oides (Willm.) . . x 

^Strepsodus sauroides (Binney) 

II.— ACTINOPTERYGII. 

Rhadinichthys monensis (Egert.) 

„ Wardi (Warde) 

Elonichthys Aitkeni (Traq.) . 

„ Binneyi (Traq.) 

„ Egertmi (Egert.). 

>, sp. 

Mesolepis Wardi (Young) 

„ microptera (Traq.) 

„ scalaris (Young) 

Cheirodus granulosus (Young) 

Platysomtts parvulus (Young) 

„ tenuistriatus (Traq.) 


X — 


X ; X 


X X • — i — 


X — X — — 


Alton Coal 



TABLE n. 

hist of Lamellibranchiata from the Chief Shell Beds. 
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Gardiner (0. I.) on the igneoua and 
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Geikib (l^f. J.) on the collection of 
photographs of geological interest, 142. 

Geodetic arc of meridian north of Lake 
Tanganyika, report on the measurement 
of a further portion of the, 75. 

Geographical Section, Address by Prof. 
A. J. Hcffbertson to the» 640. 


I on magnetic observations at Falmouth 

j Observatory, 74. 

on gaseous explosions, 199. 
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160. 

Halogen elements, tho affinities of the, 
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Handwork in relation to science teach- 
ing, by Dr. G. H. Woollatt, 811. 

Hardy (Dr. W. B.) on the occupation 
of a table at the zoological station at 
Naples, 165. 
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the application of, to Siemens* regenerat- Hittite discovery, recent, by D. G. 
ing furnaces, 221. Hogarth, 824. 

Heath (J. St. G.), under-employment Hobson (B.) on the fossil flora and fauna 
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report on the compilation of an, 167. j 
Indies economic transition in, by H. 


Individual variations of memory, by 
0. Spearman, 802. 
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•Insect larvae, the colours of, some experi- 
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and preaent atate of the theory of, by //. 
Bateman, 345. 

Intelligence, M. Binet’s method for the 
measurement of, by Miss K. L. John- 
ston, 806. * 
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the study of astronamy, meteorology, and 
geophysics in British universities, 77. 

♦ a new gyroscopic apparatus, 624. 

Loveday (T.) on the menial and physical 
factors involved in education, 302. 

Lower Palseozoic rocks of the Cautley 
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the origin of the inorganic composi- 
tion of the blood plasma, 766. 

the inorganic composition of the 

blood plasma in the frog after a long 
period of inanition, 766. 
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1882. ♦Alveratono, The Right Hon. Lord, G.O.M.G., LL.D., F.R.S. 

' Hornton Lodge, Hornton-strbet, Kensington, W. 

1887. {Alward, G. L. Enileld Villa, Waltham, Grimsby, Yorkshire. 

1883. §Amery, John Sparke. Druid, Ashburton, Devon. 

1884. {Ami, Hbnby, M.A,, D.Sc., F.G.S. Geological Survey, Ottawa, 

Canada. 
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1909. H. M., M.D. Ottawa, Canada. 

1905. JAnderson, A. J., M.A., M.B. The Residency, Portswood-road; 
^ Green Point, Cape Colony. 

1910. §Anderson, Alexander. Tlio Universify, GJas^^ow. 

1905. ♦Anderson, C. L. P.'O. Box 2162, Johannesburg. 

1908. :|: Anderson, Edgar. Glenavon, Merrion-road Dublin. 

1885. *Andkrson, Hugh K«rr, M.A., ' M.D., F.R.S. Caius College, 

Cambridge. 

1901. *Anderson, James. 10 Albion-crescent, Dowanhill, Glasgow. 

1892. JAnderson, J^eph, LL.D. 8 Great King-street, Edinburgh. 

1899. * Anderson, Miss Mary Kerr, 13 Napier-road, Edinburgh. 

1888. * Anderson, R. Bruce. 5 Wcstminster-chambers, S.W. 

1887. J Anderson, Professor R. J., M.D., P.L.S. Queen’s College, and 
Atlantic Lodge, Salthill, Galway. 

1905. JAnderson, T. J. P.O. Box 173, Cape Town. 

1880. * Anderson, Tempest, M.D., D.So.,F.G.S. (Council, 1907 - ; Local 

Sec. 1881.) 17 Stonegato, York. 

1901. *Anderson, Dr. W. Carrick. 7 Hcotl-street, Garnothill, Glasgow. 
1908 JAnderson, William. Glenavon, Morrion-road, Dublin. 

1907. {Andrews, A. W. Adela-a venue. West Bames-lano, Now Malden, 

Surrey. 

1909. {Andrews, Alfred J. Care of Messi-s. Andrews, Andrews, & Co., 

Winnipeg, Canada. 

1895. {Andrews, Charleys W., B.A., D.Sc., F.R.S. British Museum 
(Natural History), S.W. 

1909. {Andrews, G. W. 433 Main-street, Winnipeg, Canada. 

1880. ♦Andrews, Thornton, M.Inst.C.E. Cofn Eitbon, Swansea. 

1886. § Andrews, William, F.G.S. Steeple Croft, Coventry. 

1877. §ANaELL, John, F.C.S., F.LC. 6 Beacons-field, Derby-road, 
Withington, Manchester. 

1900. {Aiinandale, Nelson. 34 Charlotte-square, Edinburgh. 

1890. {Annett, R. C. F., Assoc.lnst.C.E. 4 Buckingham-avenue, Sefton 
Park, Liverpopl. 

1886. {Ansell, Josei3h. 27 Bennett’s-hill, Birmingham. 

1890. {Antrobus, J. Coutts. Eaton Hall, Congleton. 

1901. {Arakawa, Minozi. J«;paneso Consulate, 84 Bishopsgato-street 

» Within, E.a • 

1900. {Arbor, E. A. Newell, M.A., F.L,S. Trinity College, Cambridge. 
1904. *Arber, Mrs. E. A. Newell, D.Sc. 52 Huntingdori-road, Cambridge. 
1894. {Archibald, A. Holmer, Court-road, Tunbridge Wells. 

1884. *Archibald, E. DouglaJ. Constitutional Club, W.C. 

1909. §Arohibald, Professor E. H. Bowiio Hall of Chemistry, Syracuse 
University, Syracuse, New York, W.S.A. 

1909. §Archibald, H, Care of Messi-s. Macliray, Sharpe, & Dennistoun, 

• Bank of Ottawa Chambers, Winnipeg, Canada. * 

1883. ♦Armistead, William. Hillcrest, Oaken, Wolverhampton. 

1908. {Armstrong, E. C. R., M.R.LA., F.R.G.S. Cyprus, Eglinton-road, 

Dublin. 

1903. *Armstronq, E. Fbankland, D.Sc., Ph.D. 98 London-road, 
Reading. 

1873. ♦Armstrong, Henry E., Ph.D., LL.D., F.R.S. (Pres. B, 1885, 
1909 ; Pres. L, 1902 ; Council, 1899-1905, 1909- ), Pro- 

fessor of Chomisfiy in the City and Guilds of London 
Institute, Central Institution, Exhibition-rood, S.W. 
55 Granville-park, Lewisham, S.E. 

1909. {Armstrong, Hon. Hugh. Parliament Buildings, Kennedy-sireet, 

Wixmipeg, Canada. ^ 



8 


BRITISH ASSOCIATION. 


. Year of 
■ Election. 

1905. t Armstrong, John. Kamforsdam Mine, near Kimberley, Cape Colony. 

1905. §A»nold, J. 0., Professor of Metallurgy in the University of 
Sheffield. ^ • 

1893. ♦Arnold-Bemrosb, W. H., Sc.D., F.G.S. Ash Tree House, 
, Osmastoft-road, Derby. 

1904. JArunachalam, P. Ceylon Civil Service, Colombo, Ceylon. 

1870. *A8h, Dr. T. Linnington. Penrosos, Holsworthy, North Devon. 
1903. * Ashby, Thomas. The British School, Rome. 

1909. J Ashdown, J. If. 337 Broadway, Winni})e^. Canada. 

1907. JAsiiley, W. j., M.A. (Pres. F, 1907), Professor of Commerce in the 

University of Birmingham. 3 Yateley-rdad, Edgbaston, Bir- 
mingham. 

Ashworth, Henry. Turton, near Bolton. 

1903. *Ash worth, J. II., D.Sc. 4 Cluny-terraco, Edinburgh. 

1890. t Ash worth, J. Reginald, D.Sc. 105 Freehold-st. eet, Rochdale. 

1905. JAskew, A. Main-road, Claremont, Cape Colony. 

1875. ♦Aspland, AV. Gaskell. 50 Park Hill-roatl, N.W. 

1890. *Asslieton, Richard, M.A., F.L.S. Grantchester, Cambridge. 

1905. JAsslietoii, ]\Irs. Grantchester, Cambridge. 

1908. §AstIcy, Ro\^. H, J. Diikinfield, M.A., Litt.J). East Rndham 

Vicq^age, King’s Lynn. 

1903. JAtchison, .Arthur F. T., B.Sc. Royal Engineering College, 
Cooper’s Hill, Staines. 

1887. ^Atkinson, Uov. C. Chctwyud, D.D. Ashton- on-Mcrsey Rectory, 
Clieshire. 

1 898. *Atkinson, E. Ciithbert. 5 Pembroke -vale, Clifton, Bristol. 

1894. '•‘Atkinson, Harold W., M.A. West View, Eastbury-avenue, North- 

wood, Middlesex. 

1906. J Atkinson, J. J. Cosgrove Priory, Stony Stratford. 

1881. {Atkinson, J. T. The Quay, Selby, Yorkshire. 

1907. {Atkinson, Robert E. Morland-avenue, Knighton, Leicester. 

1881. {Atkinson, Robert William, F.C.S., F.I.C. (Local Sec. 1891.) 

44 I.iOudoun-squarc, Cardiff. 

1863. ♦Attfield, J., M. A., Ph. D., F.R.S., F.C.S.' Ashlands, Watford, Herts. 

1906. §Auden, G. a., M.A., M.D. The Education Office, Edmund-street, 

Birmingham. , 

1907. §Av.ion, IL'A., D.Sc. 13 Broughton-drive, Grassendale, LivoBpool. 
1903. {Austin, Charles E. 37 Cambridge-road, Southport. 

1853. *Avebury, The Right Hon. Lord, D.C.L., F.R.S. (President, 
1881 ; Trustee, 1872- ; Pres. D, 1872 ; Council, 1866-71.) 

High Elms, Farnborough- Kent.*^ 

1909. {Axtell, S. W. Siobart Block., Winnipeg, Canada. 


1883. ♦Bac'h-Gladstono, Madame Henri. 147 Rue do Crenelle, Paris. 

1906. {Baokhouse, James. Daleside, Scarborough. 

1883. *Backhouso, W. A. St. John’s, Wolsingham, R.S.O., Durham. 
1887. *Bacoii, Thomas Walter. Ramsden Hall, Billericay, Essex. 

1903. {Baden-Powell, Major B. 22 Princc’s-gate, S.W. 

1907. §Badglcy, Colonel W. F., Assoc. Inst. C.E., F.R.G.S. Verecroft, 

Devizes. 

1908. *Bagnall, Richard Siddoway. Penshaw Lodge, Penshaw, Co. 

Durham. 

19r.5. {Baikio, Robert. P.O. Box 36, Pretoria, South Africa. 

1883. {Baildon, Dr. 42 Hogh ton-street, Southport. 

1883. ’•‘Bailey, Charles, M.Sc., F.L.S, Haymesgarth, Cleevo Hill S.O., 
Gloucestershire. 
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1893. JEailey, Colonel F., F.R.G.S. 7 Drummond-place, Edinburgh. ” 
1887. *Bailey, G. H., D.Sc., Ph.D. Edenmor, KiJiIochleven, Argyll, N.B. 
1905. *Bailey, Harry Percy. 46 Arundel-gaivit^ns, W. 

1905. {Bailey, Right Hon. W. F., C.B. Land Commission, Dublin. • 

1894. •Baily, Fkancis Gibson, M.A. Newbury, Colinton, Midlothian. 
1878. {Baily, Walter. 4 Roslyn-hill, Hampstead, N.W. 

1905. *Bakor, Sir Augustine. 56 Merrion-square, Dublin. 

1910. §Baker, H. F., Sc.D., F.R.S. St. John’s Coll('g(‘, Cambridge. 

1886. §Bakcr, Harry, F.I.C. Epworth House, Moiigliland-lane, Runcorn. 

1907. {Baldwin, Walter, 5 St. Alban’s -street, Rochdale. 

1904. {Balfour, The Right Hon. A. J., D.C.L., LL.D., M.P., F.R.S., 

Chancellor of tlio University of Eclinburgli. (President, 
1904.) Whittingehame, Prestonkirk, N.B. 

1894. {Balfour, Henry, M.A. (Ihrcs. H, 1904.) Langley Lodge, 
Hoadington Hill, Oxford. 

1905. {Balfour, Mrs. H. Langley Lodge, Hoadington Hill, Oxfoid. 

1875. {Balfour, Isaac Bayley, M.A., D.Sc., M.l)., F.P ^ , F.R.S.E., 

F.L.S. (Pres. D, 1894; K, 1901), Professor of Botany in the 
University of Edinburgh. Inverleitli House, lOdin' urgli. 

1883. {Balfour, Mrs. I. Bayley. Invcrleith House, Edinburgh. 

1905. {Balfour, Mrs. J. Dawyck, Stobo, N.B. 

1905. {Balfour, Lewis. 11 Norham-gardens, Oxford. 

1905. {Balfour, Miss Vera B. Dawyck, Stobo, N.B. 

1878. *Ball, Sir Charles Bent, M.D., Regius Professor of Surgery in the 
University of Dublin. 24 Merrion-square, Dublin. 

1866. ♦Ball, Sir Robert Stawell, LL.D., E.R.S., F.R.A.S. (Pres. A, 
1887 ; Council, 1884-90, 1892-94 ; Local See. 1878), Lown- 
dean Professor of Astronomy and Ceometry in tlie University 
of Ca mbridge. The Observatory, ('ambridge. 

1908. {Ball, T. Elrington. 6 Wilton-place, Dublin. • 

1883. *Ball, W. W. Rouse, M.A. IVinity College, Cambridge. 

1905. {Ballantinc, Rev. T. R. Tirmoehree, Bloomfield, Belfast. 

1869. {Bamber, Henry K., F.C.S. 5 Westminster-chambors, Victoria- 
street, Westminster, S.W. 

1890. {Bamford, Professor Harry^ M.Sc. 30 Falkland-mansions, Glasgow, 

1909. §Biimptield, Mrs. E. 303 Donald-street, Winnipeg, ??ajiacla.’* 

1899. §bampton, Mrs. 42*Marinc-parado, Dover. 

1905. {Banks, IMiss Margaret Pierrepont, 10 Regcuit- terrace, Edinburgh. 

1898. {Bannerman, W. Bruce, F.S.A. The Lindens, Sydenham-road, 

Croydon. t 

1909. {Baragar, Charles A. University of Manitoba, Winnipeg, Canada. 

1910. §13arber. Miss Mary. 126 Queen’s-gate, 

1890. *Barbcr-Starkey, W. J. S. Aldcnham Park, Bridgnorth, Salop. 
1861. *Barbour, George. Bolesworth Castle, Tattcnhall, Chester. * 

1860. ♦Barclay, Robert. High Ijcigh, Hoddesden, Herts. 

1887. ♦Barclay, Robert. Sedgley New Hall, I’restwich, Manchester. 

1902. {Barcroft, H., D.L. The Glen, Newry, Co. Down. 

1902. {Barcroft, Joseph, M.A., B.Sc., F.K.S. King’s College, Cambridge. 
1904. §Barker, B. T. P., ]M.A. Fenswood, l.»oi}g Ashton, Bristol. 

1906. ♦Barker, Geoffrey Palgrave. Henstoad Hall, AV'rentliam, Suffolk. 

1899. {Barker, John H., M.Inst.C.E. Adderloy Park Rolling Mills, 

Birmingham. 

1882. ♦Barker, Miss J. M. Care oP Mrs. Plummer, Prior’s -terrace, Tyne- 
mouth. 

1910. *Barker, Raymond Inglis Palgrave. Henstead Hall, Wrcnthani. 
Suffolk. 

1898. {Barker, W. R. 106 Redland-road, Bristol. 



mUTISTI ASSOCIATJON, 


10 

Year of 
Election. 

1909. JBarlow, Lieut. -Colonel G. N. 'H. Caro of Messrs. Cox & Co., 16 
Chairing Cross, S.W. 

-1889. JBarlow, H. W. L., M.A., M.B., F.C.S. The Park Hospital', Hither 
, Green, t^.E. 

1883. JBarlow, J. J. 84 Cambridge-road, Southport. 

1885. *Baru)w, William, F.RS., F.G.S. The Red House, Great 
Stanmore. 

1905. ♦Barnard, Miss Annie T., M.D., B.Sc. 32 Chenies -street-chambers, 
Gower-atreet, W.C. 

1902. §Barnard, J. E. Park View, Brondcsbury Park, N.W. 

1881. *Barnard, William, LL.B. 3 New-court, Tjincoln’s Inn, W.C. 

1904. JBarnes, Rev. E. W., M. A., Sc.lX, F.R.S. Trinity College, Cambridge. 

1907. §Barncs, Professm* H. T., Sc.B. McGill University, Montreal, Canada. 
1909. *Baniott, Miss ICdith A. Holm Leas, Worthing. 

1881. :|;Babb, Archibald, D.Sc., M.Inst.C.E., Professor of Civil Engineer- 
ing in the University, Glasgow. 

1902. *Barr, Mark. Gloucester-mansions, Harriiigton-gardens, S.W. 

1904. J Barrett, i-Vrthur. 0 Mortimer-road, Cambridge. 

1872. ♦Barrett; W. F., F.R.S., F.R.S.E., M.R.T.A. C De Vesci -terrace, 
Kingstown, Co. Dublin, 

1874. ♦Barrington, R. M., M.A., F.L.S. Fassaroc, Bray, Co. 

Wicklow. 

1874. *Barrington-Ward, Rev. Mark J., M.A., F.L.S., F.R.G.S. The 
Re(?tor 3 ', Duloe S.O., Cornwall. 

1893. *Barrow, George, F.G.S. 28 Jermyn -street, S.W. 

1896. §Barrovvman, James. Stanoacre, Hamilton, N.B. 

1908. JBarry, Gerald II. Wigliri Glebe, Carlow, Ireland, 

1884. *Barstow, Miss Frances A. Garrow Hill, near York. 

1890. ♦Barstow, J. J. Jackson. The Lodge, Weston-super-Mare. 

1890. *Barstow, Mrs. The Lodge, Weston-super-Mare. 

1892. {Bartholomew, John George, F.R.S.E., F.R.G.S. Newington 

House, Edinburgh. 

1858. ♦Bartholomew, William Hamond, M.Inst.C.E. Ridgeway House, 
Cumberland-road, Hyde Park, Leeds. 

1909. {Bartlcet, Ai'tliur M. 138 Jfagloy-road, Edgbaston, Birmingham. 
1909. •‘{Bartlelfc, C. Bfink of HamiIton-\>uilding, Winnipeg, Canada. 

1893. ♦Barton, Edwin H., D.Sc., F.R.S.E., Professor of Expbrimontal 

Physics in University College, Nottingham. 

1908. {Barton, Rev. Walter John, B.A., F.R.G.S. The CoUege, Win- 
chester. - f. 

1904. ♦Bartrum, C. O,, B.So. 12 Heath-mansions, Heath-street, Hamp- 
stead, N.\Y. 

1845. ♦Bashforth, Rev. Francis^ B.D. Woodhall Spa, Lincoln. 

1888. '*Basset, a. B.,M.A., F.R.S. Fledborough Hall,Holyport, Berkshire. 

1891. {Bassett, A. B. Cheverell, liandaff. 

1866. ♦Bassett, Henry. 26 Belitha- villas, Bamsbury, N. 

1889. {Bastablb, Professor C. F., M.A., F.S.S. (Pres. F, 1894.) 6 Tre- 

velyan-terraco, Ratbgar, Co. Dublin. 

1871. {Bastian, H. Chabi/ton, M.A., M.D., F.R.S,, F.L.S., Emeritus Pro- 
fessor of the Principles and Practice of Medicine in University 
College, London. Fairfield, diesham Bois, Bucks. 

1883. {Bateman, Sir A. E., K.C.M.G. Woodhouse, Wimbledon Park, S.W. 
1907. ♦Bateman, Harry. The Univeritity, Manchester. 

1884. {Bateson, William, M.A,, F.R.S. (Pres. D, 1904.) Manor House, 

Merton, Surrey. c 

1881. *Bathbb, Francis Arthur, M.A., D.Sc., F.R.S., F.G.S. British 
Museum (Natural History), S.W. 
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1906. §Batty, Mrs. Braithwaitc. Ye Gabletl House, The Parks, Oxford. 

1904. |Baugh, J, H. Agar. 92 liatton-gavriou, E.C. 

1909, §Bawlf, Nicholas. Assiniboine-avcnuo? Winnipeg, Canada. 

1905. J Baxter, W. Duncan. P.O. Box 103, Cape TJwd. 

1876. *Baynes, Robert K., M.A, Christ Church, Oxford. 

1887. *Baynes, Mrs. R. E. 2 Norham-gardons, Oxford. 

1883. ♦Bazley, Gardner S. Hatherop Castle, Fa-rford, Glouoostershiro. 
1905. *Bazley, Miss J. M. A. Kilmorie, llsham-drive, Torquay, Devon. 
Bazley, Sir Thomas Sebastian, Bart., M.A. Kilmorie, llsham- 
drive, Torquay, Devon. 

1900. *Beadnell., it. J. 1..tj 5WELLYN, F.(4.S. Coldenlands Farm, 
Dorking, Surrey. 

1889. §Beare, Professgr T. Hudson, B.Sc., F.R.S.E., M.fnst.O.K. The 
University, Edinburgh. 

1905. JBeare, Mrs. T. Hudson. 10 Regent-terrace, Edinburgh. 

1904. §Boasley, H. C. 25a Prince Alfred-road, Wavorirco, Liverpool. 

1905. {Beattie, Professor J, C., D.Sc., F.R.S.E. South African College, 

Capo Town. 

1910. §BcattLe, James M. 12 Caxton-road, Shellield. 

1900. {Beaumont, Professor Roberts, M.I.Mech.E. The Umversity, Freeds. 
1887. *Beaumont, W. J. The Laboratory, Citadel Hill, Plymouth. 

1885. *Bbaumont, W. W., M.Tnst.C.E. Outer Temple, 222 Strand, W.C. 

1887. *Bbckbtt, John Hampden. Corbar Hall, Buxton, Derbyshire. 
1904. §Beckit, H. O. Cheney Cottage, lleadingfoii, Oxford. 

1885. {Beddabd, Frank E., M.A., F.R.vS., F.Z.S., Prosector to the 
Zoological Society of London, Regent’s Park, N.W. 

1870. {Beddoe, John, ^I.D., F.R.S. (Council, 1870-75.) Tho Chantry, 
Bradford-on-Avon. 

1904. *Bodford, T. G., M.A. 13 Warkworth-streot, Cambridge. 

1891. {Bedlington, Richard. Gadlys House, Abcrclare. 

.1878. {Bedson, P. Phillips, D.So., F.C.S. (Local Sec. 1880), Professor of 
Chemistry in the College of Physical Science, Newcastle-upon- 
Tyne. 

1901. *Beilby, G. T., LL.D., F.R.S. (Pres. 1905.) 11 University- 

gardens, Glasgow. 

1905. iBeilby, Hubert. 11 University -gardens, Glasgow.' 

1891. *Belinfanto, L. L., M.Sc., Assist. Sec. G.S. Burlington House, W. 
1909. {Bell, C. N. (Local Sec. 1909.) 121 Carl ton -street, ^Vin^ipeg, 

Canada. 

1894. {Bell, F. Jeffrey, F.Z.S. British Museum, S.W. 

1900. ♦Bell, Henry Wilkinson. Beech Cottage, Rawdon, near Leeds. 

1870. *Bell, j. Carter, A.R.S.M. Tho Cliif, I^igher Broughton, Man- 
chester. 

1883, *Bell, John Henry. 102 LSyland-road, Southport. 

1905. {Bell, W. H. S. P.O. Box 4284, Johannesburg. 

1888. ♦Bell, Walter George, M.A. Trinity Hall, Cambridge. 

1908. ♦Bellamy, Frank -£rthur, M.A., F.R.A.S. University 01)scrvatory, 

Oxford. 

1904. {Bellars, A. E, Magdalene College, Cambridge. 

1905. {Bender, Rev. A. P., M.A. Synagogue House, Capo Town. 

1883. ♦Bennett, Laurence Henry. The Elms, Paignton, South Devon. 

1901, {Bennett, Professor Peter. 207 Bath-street, Glasgow. 

1909. ♦Bennett, R. B., K.C. Calgary, Alberta, Canada. 

1905. §Benson, Arthur H., M, A., F.R.C.S.I. 42 Fitzwilliam-square, Dublin . 
1905. §Benson, Mrs. A. H. 42 Fitzwilliam-square, Dublin. 

1909. {Benson, Miss 0. 0, Terralta, Port Hope, Ontario, Canada. 

1903. iBenson, D. E. Qu^nwood, 12 Irton-road, Southport. 
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1901. *Benson, Miss Margaret J., D.Sc. Royal Holloway College, Egham. 

1887. ♦.Benson, Mrs. W. J. 5 Wellington-court , Knights bridge, 

1898. *Bent, Mrs. Theodoroi 13 Groat Cumberlaiid-placc, W. 

1904. « JBentlcy, B. tl. The University, Sheffield. 

1905. *Bontley, Wilfred. Rein Wood, Huddersfield. 

1908. § Benton, Mrs. Evelyn M. Kingswear, Halo, Altrincham, Cheshire. 
1890. ♦Bergin, William, M.A., Professor of Natural l^ilosophy in Uni- 
vcrsilv College, Cork. 

1894. §BERKEiiEY, The Earl of, F.R.S.. F.C.S. (Council, 1909-10.) 
Foxcombe, Boarshill, near Abingdon. 

1905. *Bernacchi, L. C., F.R.G.S. Pound Farm, Upper Long Ditton, 
Surrey. 

190G. *Bcrnays, Albert Evan. 3 Priory-road, Kow, Surrey. 

1898. gBcrridge, Miss C. E. 107 Albert Palaec-niansions, I5altorsoa Park, 
»S.W. 

1894. gBERUiDGE, Douglas, M.A., F.C.S. The College, Mnlve.rn. 

1908. *BoiTidgo, JNIiss Emily M. Dunton Lodge, The Knoll, Beckenham. 
1908. *Berry, Arthur J. 5 University-gardens, Glasgow. 

1904. gBerry, R.* A., J^h.D., West of Scotland Agricultural College, 

6 ,Bly tbs wood -square, Glasgow. 

1905. i Bertrand, Captain Alfred. Cbampel, Genova. 

18G2. JBesant, William Henry, M.A., Sc.D., F.R.S. St. John’s College, 
Cambridge. 

1880. *Bevan, Rev. James Oliver, M.A., F.S.A., F.G.S. Cbillcndcn 

Rectory, Canterbury. 

1904. *Bovan, P. V., M.A. Hillside, Egham. 

190G. {Bevan-Lewis, W., M.D. West Riding Asylum, Wakefield. 

1884. *Beverlcy, Michael, M.D. 54 Prince of Wales-road, Norwich. 

1903, tBickerdiko, C. F. 1 Bovernoy-road, Honor Oak Park, S.E. 

1888. *Biddcr, George Parker. Savile Club, Piccadilly, W. 

1910. JBiddlccombc, A. 50 Graingor-street, Ncwcastie-on-Tync. 

1904. §BiGO-WtTHEU, Colonel A. C., F.R.A.S. Tiltliams, Godaiming, 

Surrey. • 

1882, JBiggs, C. H. W.,^ F.C.S. Glebe I^dgo, Champion-hill, S.E. 

1911. § Biles, J. II., L1.I.D,, D.Sc., Professor of Naval Architecture in the 
* UiEiversity of CBasgow. 10 University-gardons, Glasgow. 

1898. JBillington, Charles. Heimath, Longport, Staffordshire. 

1001. *Bil3land, Sir William, Bart., J.P. 28 Park-circus, Glasgow. 

1908. ♦Bilton, Edward Barnard. Graylands, Wimbledon Common, S.W. 
1887. *Bindloss, James B. Elm Bank. B^’xton. 

1909. glhngham, Alexander R. IG Kingsmead-road South, Birkenhead. 
1884. *Biiigham, CoIot^J Sir John E., Bart. West Lea, Ranmoor, Shef- 
field. 

1881. pBiNNiE, Sir Alexander R., M:Inst.C.E., F.G.S. (Pres. G, 1900.) 

77 Ladbroko-grovo, W. * 

1910. *Birchenoiigh, C., M.A, 8 Severn-road, Shellield. 

1887. ♦Birley, H. K. Penrhyn, Irlams o’ th’ Height, Manchester. 

1904. {Bishop, A. W. Edwinstowe, Chaucer-road, Cambridge. 

1006. §Bi6hop, J. L. Customs and Excise Office, York. 

1894. {Bisset, James, F.R.S.E. 9 Greenhill-park, Edinburgh. 

1910. gBisset, John. I’hornhill, Tnsch, Aherdcenshii'c. 

188G. *Bixby, (Jeneral W. H. 508 Colorado- building, WasJiiiigton.'U.S.A. 
*1909. {Black, W. J., Principal of Manitoba Agricultural College, ^V'innipcg, 
Canada. 

1001. §Black« W. P. M. 136 WellingtoR-street, Glasgow. 

1903. *Blackman, P.P.,M.A., D.Sc., F.R.S. (Pres. K, 1908.) St. John’s 
College, Cambridge. 
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1908. §Blackman, Professor V. H., M.A., Sc.D. The University, Leeds* 

1909. iBlaikie, Leonard, M.A. Civil Service Commission, Burlington- 
• gardens, W. 

1910. § Blair, R., M.A. I^ndon County Council, Spraig-gardens, S.W. 
1902. JBlako, Robert F., F.I.C. Queen’s College, Bflfast. 

1900. *Blamires, Joseph. Bradley Lodge, Huddersfield. 

1905. JBlamires, Mrs. Bradley Ix>dge, Huddersfield. 

1904. {Blanc, Dr. Gian Alberto, l^tituto Fisico, Romo. 

1884. *Blandy, William Charles, M.A. 1 Friar-street, Reading. 

1887. *Bles, Edward J., M.A., D.So. The Mill House, ItUoy, Oxioed. 
1884. *Blish, William G. Niles, Michigan, U.S.A. 

1902. {Blount, Bertram, F.I.C. 76 & 78 York-strect, Westminster, S.W. 

1888. {Bloxsom, Martin, B.A., M.Inst.C.E. Hazelwood, Crampsall 

Green, Manchester. 

1900. §Blumfeld, Joseiih, M.J). 7 Cavendish -jdacc, W. 

Blyth, B. Hall. 135 George-atrcct, Edinburgh. 

1887. *Boddington, Henry. Pownall Hall, Wilmslow, Manchester. 

1900. {Bodinoton, Sir Nathan, Litt.D. The University, Leeds. 

1908. §Boeddicker, Otto, Ph.D. Birr Castle Observatory, Birr, 

Ireland. 

1887. *Boissovain, Gideon Maria. 4 Tesselschadc-straat, Amsterdam. 
1898. §Bot^ton, H., F.R.S.K. The Museum, Queen’a-road, Bristol. 

1894. §Bolton, John. 15 Cranloy -gardens, Muswell Hill, N. 

1898. ’’'B^ar, James.M.A., LL.D. (Pres. F, 1898 ; Council, 1899-1905.) 
The Mint, Ottawa, Canada. 

1909. { Bonar, 1’liomson, INLD. 1 1 4 Via Bahiiino, Piazza di Spagua, Rome. 

1909. I'Bond, J. If. R.. M.B. 1(57 Donald-sl rect, Winnijieg, Canada. 

1908. {Bone, Professor W. A., D.Sc., F.R.S, Tho University, Leeds. 
1871. *Bonnry, Rev. Thomas Georoh, Sc.D., LL.D., F.R.S., F.S.A.. 

F.G.S. (PiiEsroKNT; Secretary, 1881-85 ; Pres. C, 1886.) 
9 Scroope- terrace, Cambridge. 

1888. {Boon, William. Coventry. 

1893. {Boot, Sir Jesse. (]!arlyle House, 18 Burns-streef , Nottingham. 

1890. *B(>otji, Right. Hon. Charles, D.Se., J^MLS., F.S.S. 28 Caiiipden 
Hoiisii (jourt, Kensington, W. > 

1883. {Booth, .James. IlazelhuTst, Turton. 

1910. S^looth, .Tohn, 25 Rat lido wn-street. Carbon, ^reroolnia,*, Australia. 

1908. §Booth, Robert, J.P. Bartra Hall, Dalkey, Co. Dublin. 

1883. {Boothroyd, Benjamin. Weston -super-Maro. 

1901. *Boothroyd, Herbert E., IVLA., B.Sc. Sidney Sussex College, Cam- 

bridge. 

1882. §Borns, Henry, PhJ)., F.C.S. 5 Sutton Court-road, Chiswick, \V, 
1901. {Borradaile, L. A., MLA. Selwyn College, Cambridge. 

1876. *Bosa'nquet, R. II. M., M.A., F.R.S., F.R.A.S. Castillo i^amora, 

. Realojo-Alto, Teneriffe. 

1903. §Bosanquot, Robert C., M.A., Professor of Classical Archaeology 

in tho University of Liverpool. Institute of Archaeology, 
40 Bedford-street, Liverpool. 

1896. {Bose, Professor J. C., C.I.E., M.A., D.Sc. Calcutta, India. 

1881. §BoTiiAMLBy, Charles H., M.Sc., F.I.C., F.C.S., Education 

Secretary, Somerset County Council, Weston-super-Mare. 

1871. ♦Bottomley, James Thomson, M.A., LL.D., D.Sc., F.R.S., F.R.S.E., 
F.C.S. "13 University-gardens, Gla.sgow. 

1884. *Bottomley, Mrs. 13 University-gardens, Glasgow. 

1892. *Bottomley, W. B., B.A., Professor of Botany in King’s College, W.C. 

1909. §Boulongcr, C. L. 8 CourtCeld-roatl, S.W. 

1905. §BouLENaER, G. A., F.R.S. (Pres. D, 1905.) 8 Courtfiold-road, S.W. 
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1905. §Boulonger, Mrs. 8 Cou^tfield-road, S.W. 

1903. Iboulton, \V. S., B.So., F.G.S., Professor of Geology in University 

College, Cardiff. 26 Arches-road, Penarth. ' 

1883. IBourne, a. G., C.I.ft.. D.Sc., F.R.S., F.L.S. Adyar, Madras. 

1893. ^Bourne, G. C., M.A.,D.Sc., b\R.S., F.]j.S. (Pros. 1), 1910 ; Council, 

1903-09 ; Local Sec. 1894), Linacre Professor of Comparative 
Anatomy in the University of Oxford. Savile House, Mans- 
field-roacl, Oxford. 

1904. *Jjousli(hI, It!. G. J\ Oh trendon Lodge f Blglh liriflgc, Stoke-on-Trent, 

1884. ^Bovey, Henry T., M.A., LL.T)., F.R.S., M.Inst.C.E. 16 Hans-road, 

S.W. 

1881. *Bo\ver, F. O., D.Sc., F.R.S., F.R.S.E., F.L.S. (Pres. K, 1898 ; 

Council, 1900-00), Regius Professor of Botany in the Univer- 
sity of Gla.sgow. 

1898. ♦Bowker, Arthur Frank, F.R.G.S., F.G.S. AVhitehill, Wrotham, 
Kent. 

1850. *Bowlby, JVIiss F. E. 4 South Bailey, Durham. 

1908. §Bowles, E. Augustus, M.A., F.L.S. Myddolton House, Waltham 
Cross, iHerts. 

1898. §BowLEy, A. L., M.A. (Pres. F, 1906 ; Council, 1900- .) North- 

coUrt-avenue, Reading. 

1880. JiBowly, Christopher. Cirencester. 

1 887. X Bowly, Mrs. Christopher. Cirencester. 

1899. *Bowman, Herbert Lister, M.A., D.Hc., F.G.S., Professor nf Miner- 

alogy in the University of Gxford. Magdalen College, 
Oxford. 

1899. * Bowman, John Herbert. Grcenham Common, Newbury. 

1887. §Box, Alfred Marshall. Woodlands, IMagrath Avenue, Cambridge. 
1895. ♦Boyce, Sir Hubert, M.B., F.R.S., Professor of Pathology in the 
University of Jiverpool. » 

1901. JBoyd, David T. Rhinsdalo, Ballieston, Lanark. 

1892. j:BoYS, CiT.vRLES Vernon, F.R.S. (Pres. A, 1903 ; Council, 1893-99, 

190.5-08.) 00 Victoria-street, S.\V. 

1872. *BRAnROOK, Sir Edward, C. B., F.S.A. (Pres. H, 1898 ; Pres. F, 
1903 ; Council, 1903-10.) 178 Bcdford-hill, Balham, S.W. 
1809. *Braby, Frederick, F.G.S., F.G.S* Bushey 1-odgo, Teddington, 
Middlesex. 

1894. *Brahy, Ivon. Helena, Alan-road, Wimbledon, S.W. 

1905. ^Bradford, Wager. P.O. Box 5, Johannesburg. 

1893. §Bradley, F. L. Inglesido, Malvern Wells. 

1904. ♦Bradley, Gustav. Council Officn, Goole. 

1899. *Bradley, J. W., Assoc. M.Inst.C.E. Westminster City Hall, 

Charing (kdSs-road, W.C. 

1903. ♦Bradley, O. Charnock, D.Sc., M.D., F.R.S.E. Royal Veterinary 
College, Edinburgh. 

1892. JBradsbaw, W. Carisbrooko House, The Park, Nottingham. 

1803. tBuADY, George S., M.D., LL.D., F.R.S. Park Hurst, Endcliffc, 
Shomeld. 

1880. ♦Brady, Rev. Nicholas, M.A. Rainham Hall, Rainham, S.O., 
Essex. 

1905. §Brakhan, A. Clare Bank, The Common, Sevenoaka. 

1900. §Bran field, Wilfrid. 4 Victoria- villas, Upperthorpe, Sheffield. 

*1885. *Bratl\y, W^illiam, J.P. Alton fjO[lgo, Lancaster Park, Harrogate. 
1905 JBrausewotter, Miss. Roedcan School, near Brighton. 

1909. §Brcmncr, Alexander. 38 Now Broad-street, E.C. 

1905. jllromiier, R. S. Westminster-chffmbers, Dale-street, I.<iverpool. 
1905. JBromnor, Stanley. Westminster-chambers, Dale-street, Liverpool. 
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1902. *Brereton, Cloudesley. Briningham Houpe, Briningham, S.O., 
^ Norfolk. 

1882. *Bretlierfon, O. E. 26 Palace-mansions ^Addismi Bridge, W, 

1909. *Breton, Miss A. C. 15 Camden-crescent, BatH 

1905. §Browis, E. 27 Winchelsea-road, 'l\)ttenliam, N. 

1908. iBrickwood, Sir John. Branksmore, Southsea. 

1907. *Bridge, Henry Hamilton. North Lodge, Battle, Sussex. 

1870. *Bbigg, Sir John, M.P. Kildwick Hall, Keighley, Yorkshire. 

1904. *Briggs, William, M.A., LL.D., F.R.A.S. Burlington House, Cam- 

bridge. 

1909. §Briggs, Mrs. Owlbrigg, Cambridge. 

1905. J Brill, J., Litt.D. Grey College, Bloemfontein, South Africa. 

1908. JBrindloy, H. H. 4 Devana-terrace, Cambridge. 

1893. tBriscoe, Albert E., B.Sc., A.R..C.Sc. The Hoppet, Little Baddow, 
Chelmsford. 

1904. {Briscoe, J. J. Bourn Hall, Bourn, Cambridge. 

1905. §Bri8coe, Miss. Bourn HaU, Bourn, Cambridge. 

1898. {Bristol, The Right Rev. G. F. Browne, IXD., I^ord Bishop of. 

17 The Avenue, Clifton, Bristol. • 

1879. *BRTTrAiN, W. II., J.P., F.R.G.S. Storth Oaks, Sheffield. 

1905. *Broadwood, Brigadier-General R. G. The Deodars,*Bloemfontein, 
South Africa. 

1905. §Brock, Dr. B. G. P.O. Box 216, Germision, Transvaal. 

1907. {Brockington, W. A., M.A. Leicestershire County Council, 38 Bowl- 
ing Green -street, Leicester. 

1896. *Brocklehurst, S. Olinda, Sefton Park, Liverpool. 

1901. {Brodie, T. G., M.D., F.R.S., Professor of J*liysioJogy in ilio 
University of Toronto. The University, 'J’oronio, Canada. 

1883. *Broilie-HaIl, Miss W. L. 5 Devonsliirc-plaoe, Eastbounio. 

1905. {Brodigan, C. B. Brakpan Mines, Johannesburg. 

1903. {Bbodrjck, Harold, M.A., F.G.S. (J^ocal See. 1903.) 7 Aughton- 

road, Birkdale, Southport. 

1904. {Brom^iich, T. J. FA*, M.A., F.R.S., Professor of Mathematics in 

Queen’s College, Galway. 

1900. {Brook, Stanley. 18 St. George’s-place, York. 

1905. ^Brooke, Geqfl'rey, Christ ^Jliurch Vicarage, Yc^kshire, 

1906. *Broc)ks, F.T. 102 Mav sun -road, Cambridge. 

1883. *Brotlierton, E. A., M.P. 16 St. Jamos’s-placo, S.W. 

1883. *Brougli, Mrs. Charles S. 12 Salisbu^-road, Southsea. 

1886. { Brough, Joseph, LL.D., Professor of Logic and Philosophy in Uni- 
versity College, Aberystwyth. 

1905. {Brown, A. R. Trinity College, Gam bridge. 

1863. *Brown, Alexander Crum, M.D., LL.'D., F.R.S., P.R.S.E., 
V.P.C.S. (Pres. B, 1874; Local Sec. 1871.) 8 BfJgrave- 
- crescent, Edinburgh. . 

1883. {Brown, Mrs. Ellen F. Campbell. 27 Aborcromby-square, Liver- 
pool. 

1905. §Brown, Professor Ernest William, M.A., D.Sc., F.R.S. Yale Uni- 
versity, New Haven, Conn., U.S.A. 

1903. {Brown, F. W. 6 Rawlinson-road, Southport. 

1870. §Brown, Horace T., LL.D., F.R.S., F.G.S. (Pres. B, 1890 ; Council, 
1904- .) 52 Nevern-square, S.W. 

1905. {Brown, J. Ellis. Durban,. Natal. 

1876. §Brown, John, F.R.S. (Local Sec. 1902.) Longhurst, Dunniurry, 
Belfast. 

1881. *Brown, John, M.D. 2 Glebe-terrace, Rondeboscb, Cape Colony. 
1895. ♦Brown, John Charlw. 39 Burlington-road, Sherwood, Nottingham. 
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1905. JBrown, John 8. Longhurst, Dunmurry, Belfast. 

1905. JBrown, L. Clifford. Boyer’s Kloof, Klapmuts, Cape Colony. 

1882. *Brown, Mrs. Mary. 2 Globe-torraco, Rondebosch, Cape Colony. 

1898. §Brovvn, Nicqi, F.G.8. 4 The Grove, Highgato, N. 

1905. J Brown, R. Strathyrc, Troyville, Transvaal. 

1901. J Brown, Professor R. N. Rudmoso, ll.So. The University, Sheffield, 
1908. §Brown, Sidney G. 52 Kensington Park -road, W. 

1905. § Brown, Mrs. Sidney G. 52 Kensington Park-road, W. 

1910. *Bro\vn, Sidney J. R. 52 KcnsingtoJi Park-road, W. 

1884. ;j; Brown, W. G. University of Missouri, Coliinibi.a, Missouri, U.S.A. 
1908. JBro vn, Williani, B.Sc. 48 Dartmoiitli -square, Dublin. 

190(5. JBrowne, Ciiarles K., B.8c. Christ’s Hospital, West Horsham. 

1900. *Brownc, Frank Balfour, M.A., F.R.S.E., F.Z.S. Claremont, 
HolyNVood, Co. Down. 

1908. JBrowne, Rev. IToury, IM.A. University College, Dublin. 

1895. *Browne, JT. T. Doughty. (> Kensington House, Kcnsington- 

court, W. 

1879. JBuownis, Sir .T. CatciiTON, M.D., LL,D., F.R.8., F.R.S.E. 61 Car- 
lisle- place -mansions, Victoria-street, S.W. 

1905. *Browne, James Stark, F.R.A.S. The Red House, Mount-avenue, 
K.iling, W. 

1883. J Browning, Oscar, M.A. King’s College, Cambridge. 

1905. §Bruce, Colonel Sir Dwin, C.B., ALB., F.B.S. (Pres. I, 1905.) 

Royal Army Modi<;al College, Grosvcmor-road, S.W. 

1905. J Bruce, Ijady. 3 p Artillery- inansion.s, Victoria-street, S.W. 

1893. J Bruce, William S., 1-1 L.D., KR.8.E. An iarctioa, Joppa, Edinburgh. 

1902. JBnicc-Kingsniill, Major J., F.C.S. 4, St. Ann’s-scpiarc, Man- 

chester. 

1900. *Brumm, (Uiarles. Tjsmara, Grosvenor-road, Birkdale, Southport. 

1896. *Bruniier, Right Hon. Sir J. T., Bart., M.P. Druhl’s Cross, Waver- 

tree, Liverpool. 

1868. JBrunton, Sir T. Ijauder, Bart., M.D., D.Sc., F.R.S. (Council, 
1908- .) 10 Slratford-placc, Coyondish-squaro, W. 

1897. *Bnish, Ciiarles F. Cleveland, Ohio, U.S.A. 

1886. *BnYAN, G. IT., D.Sc., F.R.S., Professor of Mathematics in University 
Coljego, Bangor. 

1 804. JBryan, Mrs. R, P. Plas Gwyn, Bangor. 

1910. §B?yaiit, Miss Ella 'SX, The lfa3^es, Corhridge-on-Tyne. 

1884. *Biiy(je, Rev. Professor George, D.D., LL.D. Kilmadock, Winni- 

peg, Canada. 

1009. JBiyee, 'rhomas If., M.D., Profesot* of Anatomy in the University 
of Ghisgow. 2 4^110 College, Glasgow. 

1902. *Bubb, Miss E. I>iaudo. Ullenwood, near Clieltenham. 

1890. 5»Bubh, Henry. Ullenwood, near Cheltenham. 

1 902. *Buchanan, j\lis3 Florence, D.Sc. University Museum, Oxford. 

1 905. § Buchanan, Right I Ion. Sir John. Clareinch, Claremont, Capo Town. 
1881. *Buchanan, John H., ISI.D. Soworby, Thirsk. 

1871. J Buchanan, rloHN Young, M.A., F.R.S., F.R.S.E., F.R.G.S., 
F.C.S. Christ’s College, Cambridge. 

1909. JBuebanan, W. W, P.O. Box 1658, Winnipeg, Canada. 

1881. *J5iickmiister, (^harloa Alexander, M.A,, F.C.S. 16 Heathfield-road, 
JSlill Hill Park, W. 

1904. JBuckwoll, J. C. North Gate Ho^se, Pavilion, Brighton. 

1893. |Btti.leil), Arthur, F.S.A. Dymhoro, Midsoinor Norton, Bath. 

1903. *J^ullen, Rev. R. Aaliiugton, F.L.S., F.G.S. Hiiden Manor, Ton- 

briilge, Kent. 

1909. JBulyea, The lion. G. H. V. Edmonton, Alberta, Canada. 
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1905. tBurbury, Mrs. A. A* 17 Upper 
1905. fjSurbury, Miss A. D. 

1886. SBubbury, S. H., 

Inn, W.C. ^ 

1907. JBurch, George J., M. A., D.Sc.. F.R.S. 28- - — 

1881. JBurdett-Coutts, William Lehmann, M.P. 1 Stratton-street, Ficca- 

dilly, W. 

1905. JBurdon, E. R., M.A. Tkenhildo, Royston, Herts. 

1894. {Burkb, John B, B. Trinity College, Cambridge. 

1884. *Burland, Lieut. -Colonel Jeffrey H. 342 Shcrbrooke-strcet West, 

Montreal, Canada. 

1905. JBurmeistcr, II. A. P. 78 Hout-strect, Capo Town. 

1904. JBurn, R.*H. 21 Stanley-crcscent, Netting- liili, W. 

1885. ♦Burnett, W. Kendall, M.A. Migvio House, North Silver-street, 

Aberdeen. 

1909. $Burns, F. 1)1 203 Morloy-avcnue, Winnipeg, Canada. 

1908. fBumsido, W. Snow, D.So., Professor of Mathematics in the Uni- 

versity of Dublin. 35 Raglan-road, Dublin. 

1905. {Burroughes, James S., F.R.G.S. The Homestead, Seaford. Sussex. 

1909. JBurrows, Theodore Arthur. 187 Kennetly-suecl, Winni})cg, 

Canada. 

1910. §Burt, Cyril. The University, Liverpool. 

1909. ■fBurton, E. F. 129 Howland-avenue, Toronto, Canada. 

1866. *Bubton, Fredertok M., F.L.S., F.G.S. Highfield, Gainsborough. 
1892. JBurton-Brown, Colonel Alexander, R.A., F.R.A.S., F.G.S. 11 
Union-crescent, Margate. 

1904. iBurtt, Arthur H., D.Sc. 4 South View, Holgato, York. 

1906. ijBurtt, Philip. Swarthmore, St. Georgo’s-placo, York. 

1909. JBurwasb, K. M., M.A. New VVbstmiiister, Biitish Columbia, 

Canada. 

1887. *Bury, Henry. Mayfield Hou-so, Farnbam, Surrey. 

1899. §Bush, Anthony. 43 Portland-road, Nottingham. 

1895. JBushe, Colonel C. K.,» F.G.S. 19 Cromwell road, S.W. 

1906. §Bushcll, II. A. Melton House, Holgato Hill, York. 

1908. *Busholl, W. F. The Hermitage, HaiTow. • 

1910. ^ihitchor. Miss. 25 Earl’^ Court-square, S.W. 

1884. *Butcher, William Deane, M.R.C.S.Eng. Holyrood, 5 Clevcland- 
road, Ealing, W. 

1884. *Butterworth, W. Verona, 9 Knowlos-road, St. Anne’s-on-tJje-Sca, 
Lancashire. ^ 

1887. *Buxton, J. H. Clumber Cottage, Mont ague-road. Felixstowe. 

1899. JByles, Arthur R. ‘ Bradford Observer,* Bradford, Yorkshire. 


1908. tCadic, Edouard, D.Litt. Mon Caprice, Pembroke Park, Dublin. 
1861. ♦Caird, James Key, LL.D. 8 Roseanglo, Dundee. 

1905. JCaldenvood, J. M. P.O. Box 2295, Johannesburg. 

1901. JCaldwell, Hugh. Blackwood, Newport, Monmouthshire. 

1907. jCaldwell, K. S. St. Bartholomew’s Haspital, S.E. 

1908. ICaldwell, Colonel R. T., M.A., LL.M., LL.I)., Master of Corpus 

Christi College, Cambridge. 

1897. JCallbndar, Hugh L., M.A., LL.D., F.R.S. (Council, 1900-06), 
Professor of Physics tn the Imperial College of Science, S.W. % 
1857. {Cameron, Sir Charles A., C.B., M.D. 51 Pembroko-road, 
Dublin. ^ 

1909. {Cameron, D. C. 65 Roslyn-road, Winnipeg, Canada. 

1896. §Cameron, Irving H. 307 Sherboume-streot, Toronto, Canada 

1910. B 

J 
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1909. JCamcron, ITou. Mr. Jusiico J. ll. Judges’ Cliambci'H, Winnipeg, 
Canada. • 

1901. .tCarnpboll, AroliibaVil. Park Lodge, Albert-drive, Pollokshields, 

Glasgo^.y'. 

1897. tCampbell, Colonel J. C. L. Achalader, Blairgowrie, N.B. 

1909. *CampbclJ, it. J. Ridoau Hall, 85 Konncdy-stroct., Winnipeg, 
Canada. 

1909. JCampbell, Mrs. K. J. Kideau Hall, 85 Kennedy -street, W'innipog, 

Canada, 

1902. JCampbell, Robert. 21 Groat Victoria-street, Belfast. 

1890. {Cannan, Professor Edwin, M.A., LL.D., E.S.S. (Pros. P, 1902.) 

11 Chadlinglon-road. Oxford. 

1005. JCannan, Gilbert. King’s College, Cambridge. 

1897. §(!5annon, Herbert. Aleonbiiry, Bexley I loath, Kent. 

1905. {Capo lown, "Iho Archbishop of. Bishop’s-oourt, Claremont, 
Capo Colony. 

1904. {Capoll, Rev. G. M. Passenham Rectory, Stony Stratford. 

1905. *Caporn, Dr. A. W. Roel and -street Baths, Capo Town. 

1894. {Capper, D. S., IM.A., Professor of Mechanical Engineering in King’s 
College, W.C. 

1890. ^Cfirdoti^ [I. Vffndch^ftr. Fascia roc j W aimer. 

1902. {Carpenter, G. H., B.Sc., Professor of Zoology in tho Royal College 
of Science, Dublin. 

1900. *Carponter, If. C. H. 11 Oak-road, Withington, Manchester. 

1905. gCarpraaol, Edward, F.R.A.S., M.Inst.C.E. 24 Soiithampton- 
bnildings, Chancery-lane, W^C. 

1910. gCai r, Henry P. Bi’oadparks. Pinlio(', near JOxeter, 

1893. {Carr, J. Wesley, M.A., F.L.S., P.G.S., Professor of Biology in 

IJnivcrsity College, Nottingham. 

1900. *Carr, Richard E., British Vice-Consul, Cordoba, Siiain. 

1889. {Carr-Ellison, John Ralph. Ilodgeley, Alnwick. 

1905. {Carrick, Dr. P.O. Box O-tO, Johannesburg. 

1807. {Carrutiiers, William, P.R.S., P.L.u., P.G.S. (Pres. D, 1880.) 
14 Vormont-road, Norwood, S.E. 

1880. {Carslake, j. Barham. (Tx)cal Sec. 1886.) 30 Westfield -road, 
Birsungham. ^ 

1899. {Carslaw, H. S., D.Sc., Professor of Matbematics in the University 

of Sydney, N.S.W. 

1900. *Carter, W. Lower, M.A., P.G.S. 11 'i’wyford-avomuj, Acton 

Hill, W. 

1896. {Cartwright, Miss Edith G. 21 York Strcot-cbainbors, Bryanstoii- 

square, W. ^ 

1878. *Cartwright, Ernest H., M.A., M.D. Myskyns, Ticehurst, Sussex. 
1870. §Gartwright, Joshua, M.Inst.C.E., P.S.l. 21 Parsons-lano, Bury, 
Lancashire. 

1862. {Carulla, P. J. R. 84 Rosehill-stroet, Derby. 

1894. {Carus, Dr. Paul. La Salle, Illinois, U.S.A. 

1901. {Carver, Thomas A. B., D.Sc., Assoc. M.Inst.C.E. 118 Napiershall- 

street, Glasgow. 

1897. *Caso, Willard E. Auburn, New York, U.S.A. 

1873. ’“Cash, William, P.G.S. 20 Mayiicld -terrace South, Halifax. 

1908. ’“Cave, Charles J. P., M.A. Ditchani Park, Pctcrslicld. 

1886. ’“Cave-Moyle, Mrs. Isabella. St. Paul’s Vicarage, Cheltenham. 

Cayley, Digby. Brompton, near Scarborough. 

1910. §Chadbimi, A. W. Brinclifle Rise, , Sheffield. 

1905. *Challenor, Bromley, M.A. The Fins, Abingdon. 

’ ♦C^flJlenor, Miss E. M. Tho Firs, Abingdon. 
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1910. §Chalincr«, St. Stephen D. 25 Cornwall- Stroud ( ht en, X. 
1905. -tChamberlain, Miss II. II. Ingloneuk, Upper St. Jolm’s-roatl, Sea 
Point, Capo Colony. • 

1901. §Cliamen, W. A. South Wales Electrical -Power DistrUmtion 

Company, Royal -chambers, Queen-streef, Canlilf. 

1905. j;Champion, G. A. Haralde-ne, Chelmsford-road, Durban, Natal. 

1881. *Champney, John E. 27 Haiis-placo, S.W. 

1908. JChance, Sir Arthur, M.D. 90 Merrion -square, Dublin. 

1907. *Chapman, Alfred Chaston, E.I.C. 8 Duko-streot, Aldgalo, E.C. 

1902. ijChapmaii, D. L. Ji'siis College, Oxford. 

1910. Sl^hapman, J. E. Kinross. 

1899. §CiiAPMAN, Professor SYDNiiY John, M.A., M.Cimi. (IVes. F, 

1909.) Burnage Lodge, Levcjn.shulmo, Maiiehcstcr. 

1910. §Chap]K'll, (’yril. 78 Xeill-road, Slu'lVielil. 

1905. jCliassigneux, E. 12 Tavistock-roatl, West bourne- park, W. 

1904. *Chattaway, F. D., M. A., D.Sc., Ph.D., F.R.S. 10.8 Woodstock road, 
Oxford. 

1880. *CiiATTOCK, A. P., M.A., Professor of ExpcrimciOal Physics in 
University College, Bristol, ilcalhliekl CuUagc, t'rowconibe, 
near Taunton. 

1904. *Chaundy, Theodore William, B.A. 49 Broad -street, Oxford. 

1900. §Chpcsman,'W. Norwood, J.P., F.L.S. The (koseont, Selby. 

1874. *Chcrmside, Lieut. -General Sir 1 lerbiu t, R. E., G.C.M.tk, C. B. Now- 

stcjid Abbey, Nottingham. 

1908. f Cherry, Right Hon. R. It. 92 St. St(q)}ion’s Green, Dublin. 

1910. t^Chosney, IMiss Lilian M., M. B. 881 ( dossop-road, Sheiliekl. 

1879. *Chesterman, W. Belinayiie, Slieflield. 

1908. JChill, Edwin, M.D. Westleigli, Mattock-road, Ealing, W. 

1888. JChinory, Edward F. Monmouth House, Lymingtoji. 

1884. JChipman, W. W. L. 957 Dorchcster-strt*/el, Montreal, Canada. 
J894. jCmsnoLM, G. G., M.A., B.Sc., F.R.G.S. (Pres. E, 1907.) 12 
1 1 allhcad-road, Edinburgh. 

1899. JChitty, Edward. Scftincnberg, Castlo-avenuo, Dover. 

1899. JChitty, Mrs. Edward. Soimcnberg, Castle-avenue, Dover. 

1904. jChivcrs, Jolin, J.P. Histon, (yambridgesflire. 

1882. yCJhorloy, George. Midhurst, Sussex. 

1909. iChow, H. H., M.D. 263 Broadway, Winnipeg, Canada. 

1898. *(kiREK, Charles, D.Se., E.R.S. Kew Observatory, Kielimond. 
Surrey. 

1900. ♦Christie, R. J. Duke-street, Toronto, Canada. 

1875. *Christopher, George, F.G.S. May Villa, T>ucion-road, Tooting 

Common, S.W. , 

1876. *Chrystal, George, M.A., LL.D., F.R.S.E. (Pres. A, 1885), 

Professor of Mathematics in the University of Iklhiburgh. 

• 5 Bolgrave-crescent, Edinburgh. 

1905. JChudleigh, C. P.O. Box 74.8, Johannesburg. 

1870. §CntJBCif, Sir A. H., K.C.V.O., M.A., F.R.S., F.S.A., Professor of 
Chemistry in the Royal Academy of Arts. Shelsloy, Eiiner- 
dale-road, Kew. 

1908. JClapham, J. IT., M.A. King’s College, Cambridge. 

1901. §Clark, Professor Archibald B., M.A. University of Manitoba, 

VV’’iiinipeg, Canada. 

1905. *Clark, Cumberland, F.R.G.S. 29 Chepstow- villas, Bayswater, W.' 

1907. *Clark, Mrs. Cumberland. 29 Chepstow- villas, Baysw'ater, W. 

1877. *Clark, F. J., J.P., F.L.S. • Nctherlcigli, Street, Somerset. 

1902. JClark, G. M. South African Museum, Cape Town. 

1908. §Clark, James, B.Sc. Newtown School, Waterford, Ireland. 
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1881. *Clark, J. Edmund, B.A., B.Sc. Aagarth, Riddlesdown-road, 
Purloy, Surrey. 

1909. §Clark, J. M., M.A., K.C. 16 King-street West, Toronto, Canada. 
1908. ^Glark, John F. W. Brothock Bank House,. Arbroath, Scotland. 

1901, *Clark, Robert M., B.Sc., F.L.S. 27 Albyn-place, Aberdeen. 

1907. *Clarko, E. Russell. 11 King’s Bench-walk, Temple, E.C. 

1902. *Claiike, Miss Lilian J., B.Sc., F.L.S. Chartiiekl Cottage, Brasted 

Chart, Kent. 

1905. JClarke, Rev. W. E, C., M.A. P.O. Box 1144, Pretoria. 

1889. *CL.4-yDEN, A. W., M.A., P.G.S. 5 The Crescent, Mount Radford, 
Exeter. 

1908. ^Clayton, RdU\\ M.. Btaekendcne, llorscll, Surrey. 

1909. §CIeevo.s, Frederick, F.Z.S. 23 1 Jmo-siroot, E.C. 

1909. JCleeves, W. B. Public Works Department, Government- buildings, 
Pretoria. 

18G1. J.CLELAND, John, M.D., D.Sc., F.R.S. Drumclog, Crewkerne, 
Somerset. 

1905. §Cleland, Mrs. Drumclog, Crewkerne, Somerset. 

1905. §Cloland, J. R. Drumclog, Crewkerne, Somerset. 

1902. JClernents, Olaf P. Tana, St. Bernard’s-road, Olton, Warwick. 
1904. §Clerk, Duqald, F.R.S., M.InstC.E. (Pres. G, 1908.) 18 South- 
ampton -buildings, W.C. 

1909. §Cleve, Miss E. K. P. 74 Kensington Gardena-squaro, W. 

1801. *CLnrTON, R. Bbixamy, M.A., F.R.S., F.R.A.S., Professor of Experi- 
mental Philosophy in the University of Oxford. 3 Bardwoll- 
road, Banbury-road, Oxford. 

1906. §Closb, Colonel C. F., R.E., C.M.G., F.R.G.S. (Council, 1908- .) 

Army and Navy Club, Pall Mall, S.W. 

1883. *Cw)WES, Frank, D.Sc., F.C.S. (Local Sec. 1893. > The Grange, 

College-road, Dulwich, S.E. 

1891. *Coatos, Henry, F.R.S.E. Baluro, Perth. 

1903. *Coates, W. M. Queens’ College, Cambridge. 

1884. §Cobb, John. Fitzharris, Abingdon. ' 

1908. *Corhrane, Miss Constance, llie Downs, St. Ncots. 

1804. ♦Cochrane, James Henry. Bursion House, Pittvillo, Cheltenham. 
1908. J Cochrane.. Robert, I.S.O., LL.D., F.S.A. 17 Highlield-road, 
Dublin. 

1001. fCockbum, Sir John, K.C.M.G., M.D. 10 Gatestono-road, Upper 
Norwood, S.E. 

1883. JCockshott, J, J. 24 : Queon’r road, vSouthport. 

1801. *Coo, Rev. Charles C., F.R.G.S. Wlnnsbridgo, Grosvenor-road, 
Bournemouth. 

1908. {Coffey, Denis J., M.B. 2 Arkendale-road, Glenagoary, Co. Dublin. 
1808. {Goffey, George. 6 Harcourt-terrace, Dublin. 

1881. *CoFFiN, Walter Harris, F.C.S. Passaic, Kew. 

1890. *Coghill, Percy do G. 4 Sunnysido, Prince’s Park, IJvorpool. 

1901. §Cohen, N. L. 11 Hyde Park-terrace, W. 

1901, *Cohen, R. Waley, B.A. 11 Sussex-squaro, W. 

1909. *Coke, Elmsloy, M.lnst.C.E.,F.G.S. 20 Ix)w Pavement, Nottingham. 
1906. ♦Coker, Professor Ernest George, M.A., D.Sc., P.R.S.E. City and 

Guilds of London Technical College, Knsbniy, E.C. 

1895. *Colby, James George Ernest, M.A., F.R.G.S. Malton, Yorkshire. 
1895. ♦Colby, William Henry. Carregweii, Aberystwyth; 

1893. §Cole, Grenville A. J., F.G.S., Professor of Geology in the Royal 
College of Science, Dublin. 

1903. {Colo, Otto B. 651 Boylston-street, Boston, U.S.A. 

1910. §Cole, Thomas Skelton. Westbury, Endcliffe-croscont, Sheffield. 
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1897. §CoLEMANj Professor A. P., M.A., PluD., F.R.S. (Pres. C, 1910.) 

476 Huron-street, Toronto, Canada. 

1899. §Colonian, William, F.R.A.S. The Shmbbery, Buckland, Dover. 
1899. tCollard, George. The Gables, Canterbury. 

1892. tCollet, Miss Clara E. 7 Coleridge-road, N. 

1887. tCoLMB, J. Norman, Ph.D., F.R.S., Professor oi Organic Choraislry 

in the University of London. 16 Campden-grove, W. 

1893. JCollinge, Walter E. The University, Birmingham. ^ 

1861. *Collingwood,J. Frederick, F.G.S. 5 Ireno-road, Parson’s Green, S.W. 
1876. JCoLTANS, J. H., F.G.S. Oinnis House, Par Station, Cornwall. 

1865. *Collins, James Tertius. Churchfiold, Edgboston, Biriningliam. 
1910. *Collins, »S. Hoare. 9 Cavendish-place, Ncswcastlc-on-'ryne. 

1905. JCollins, Rev. Spencer. The Rectory, Victoria West, Capo Colony. 

BeVLaat Bioval Academy , BeUeat, 

1910. *Colver, Robert, jun. Graham-road, Ranmoor, Sheffield. 

1905. *Combs, Rev. Cyril W., M.A. Elverton, Castle-road, Newport 
Isle of Wight. 

1910. *Coinpton, Robert Harold, B.A. Gonvillo and Cains College^ Cam 
bridge. 

1871. *Connor, Charles C. 10 College-gardens, Belfast. 

1902. fConway, A. W. 100 Leinster-road, Rathmines, Dublin. 

1903. JConway, R. Seymour, Litt.D., Professor of Xiatiu in Owens College, 

Manchester. 

1898. §Cook, Ernest H. 27 Berkeley-square, Clifton, Bristol. 

1876. *CooKK, Conrad W. The Pines, Laiigland-gardeiLs, Hampstead, N. W. 

1888. fCooloy, George Parkin. Constitutional Club, Nottingham. 

1899. ♦Coomaraswamy, A. K., D.Sc., F.L.S., F.G.S. Broad Campden, 

Gloucestershire. 

1902. *CoomaraiSwamy, Mrs. A. K. Broad Campden, Gloucestershire. 

1903. §Cooper, Miss A. J. 22 St. John-streot, Oxford. 

1901. ♦Cooper, C. Forster, B.A. Trinity College, Cambridge. 

1907. JCooper, William. Education Offices, Bcckct-strect, Derby. 

1878. JCopo, Rev. S. W. Bramloy, Leeds. 

1904. *Copii:MAN, S. Monckton, M.D., F.R.S. Local Government Board, 

Whitehall, S.W. 

1909. §Copland, Mrs. A. J. Gfeniflfer, 50 Wood berry Devvn, N. • , 

1904. •Copland, Miss Louisa. 10 Wynnstay-gardens, Kensington, W. 

1905. JCorben, J. H. Education Deijartment, Klcrksdorp, Transvaal. 
1901. JCorbett, A. Cameron, M.P. Thomliebauk House, GIasg«>w. 

1909. gCorbett, W, A. 207 Bank of Nova Scotia-buildiiigs, Winnipeg, 

Canada.. * 

1887. *Corcoran, Bryan. Fairlight, 22 Olivor-grove, South Norwood, S.E. 

1894. §Corcoran, Miss Jessie R. Rotherfield Cottage, Bexhill-oii-Sea. 
1901. ♦Cormack, Professor J. D.,B.Sc. University College, Gower-sti^ct,W .C. 
1893. *Cerner, Samuel, B.A., B.So. Abbotsford ITouse, Waverloy- 

street, Nottingham. 

1889. JCoRNisn, Vaughan, D.Sc., F.R.G.S. 31 Kensington Gardons- 

square, W. 

1905. JComish-Bowden, A. H. Surveyor-General’s Oflice, Cape Town. 
1884. *Comwallis, F. S. W., F.L.S. Linton Park, Maidstone. 

1900. §Corti 0 , Rev. A. L., S.J., F.R.A.S. Stonyhurst College, Blackburn. 
1905. JCory, Professor G. E., Si. A. Rhodes University College, Grahams - 

town. Cape Colony, • 

1909. *Cossar, G. O., M.A., F.G.S. Southview, Murrayfield, Edinburgh. 

1910. §Cossar, James. 63 Bclford-road, Edinburgh. 

1908. ♦Costello, John Francis, BlA. The Rectory, Ballymackcy, Nenagh, 

Ireland, 
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1906. JCots worth, Moses B. Acomb, York. 

%CoUer, J, IL 2J MmffivU-rmch Terennre Pari, Ihihlin. 

1874. *(" 0 TTERiLL, J. H., iVT.A., F.Il.S. Boloskirie, Branksoino Park, 
Hoiii’iiemodih. * 

1908. {(kjtlon, AJdoilaan \V. R, D.\m, J.P. Holly wood, Co. Dublin. 
lOOr,. fCottrilJ, G. St. Jolin. P.O. Box 4829, Johannesburg. 

1908. fCoiirUmay, Colonel Arthur JI., C.B., D.D United Service Club, 

Dublin. 

1896. f Courtney, Right Hon. Lord. (Pres. F, 1896.) 15 Chcyiie-walk, 

Chelsea, S.W. 

1905. {Cousens, H. L. P.O. Box 4261, Johannesburg. 

1908. jCo 7an, P. O., B.Sc., M.Inst.C.F. 33 Aih sbury-road, Dublin. 

1872. ♦Cowan, Thomas William, F.L.S., F.G.S. Upcott House, 1'aunton, 
Somersetshire. 

1003. ^Coward, 11. Knovvle Board School, Bristol. 

1000. §(3owburn, Henry. Dingle Head, Leigh, Lancashire. 

1005. JCowell, John Ray. P.O. Box 2141, Johannesburg. 

1H05. *CowErx, Philip H., M.A., D.Sc., F.R.S. 62 Shooters Mill-road, 
l’daekV.ath, S.F. 

1899. tCowpcr-Coles, Sherard, Assoc.M.Inst.C.F. 82 Victovia-sUeet, 

S.W. 

1867. ♦Cox, l^dward. Cardean, Mcigle, N.B. 

1909. §Cox, R J. CJ. AnderKSon-avenue, Winnipeg, Canada. 

1906. §Cox, S. Herbert, Professor of Mining in the ljn])(3rial College of 
Science and 'IV'chnology, S.W. 

1905. JCox, W. H. Royal Observatory, Cape Town. 

loos. jCraig, James, M.D. IS Merrion-s<|uaro North, Dublin. 

18S4. SCraioie, Major P. G., C.B., F.S.S. (Pres. F, 1900; Council, 
1908- .) Bronte Mouse, Lynipstoue, Denon. 

1906. JCraik, Sir Menry, K.C.B., LL.D., AI.P. 5a Dcan’s-yard, West- 

minster, S.W. 

1008. *Cram<‘r, W., Pli.l)., D.So. Physiological Ik^partmcnt, Tlic 
University, Edinburgh. ^ 

1906. JCramp, William. Rodtliorn, Wballoy-road, Manchester. 

1905. *Cranswick, Wm. Franccys. 34 Boshof-road, Kimberley. 

1006. JCi^AVEN, Henry. (Local Sec. 190t.) Clifton Green, York. 

IS87. *^(Jra rvji, J.P. Woodheff€s-Parl\ Ashion-upnn-Mc.ruf'j. 

1905. J.('rawford, Mrs. A. ISl. Marchmont, Ro.scbaTik, near ("ape Town. 
1010. ♦(^•awJord, O. S. Th(‘ (hove. East Woodhav, Xewhury. 

1905. JCrawford, Professor LawTcnce, M.A., D.Sc., F.R.S.E. South 
African (College, Cape Town. ^ 

1871. *Crawf()rd, William Caldwell, M.A. 1 Lockharton-gardens, Colin- 
t on-road, Edinburgh. 

1905. JO^awford, W. C., jun. 1 T.ockh art on -gardens, Colinton-road, 
Edinburgh. , 

1871. *Crawford and Balcarhes, The Right Hon. the Earl of, K.T., 
LL.D., F.R.S., F.B.A.S. 2 (Javendish -square, W. ; and 
Haigh Hall, Wigan. 

1890. §Crawsbaw, Charles B. RulTord Ijodge, Dewsbury. 

1S83. *Crawshaw, Edward, F.R.O.S. 25 Tollington-park, N. 

1885. §Creak, Captain E. W.,C.B., R,N., F.R.S. (Pres. E, 1903 ; Council, 
1896-1003.) 9 Ilorvey-rood, Blackheath, S.E. 

1S176. ♦Grewdson, Rev. Canon George. St*, Mary’s Vicarage, Windermere. 
1887. *0rewdson, Tlieodore. Spurs, St 3 ^aII, Handforth, Manchester. 

1901. JCrilly, David. 7 Well-street, Paisley. 

1880. ♦Crisp, Sir Frank, B.A., LL.B., P.L.*S., F.G.S. 6 Lansdowne-road, 
Notting Hill, W. 
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1908. §Crocker, J. Meadmoro. Albion House, Bingley, Yorkshire. 

1905. §Croft, Miss Mary. 17 Pelham-crescent, S.W. 

1890. ^Croft, W. B., M.A. Winchester College, Hampshire. 

1908. JCrofts, D. G. Cadastral iSiirvoy, Nairobi? blast .^rieaii IVotoctorale. 

1878. *Croke, John O’Bymc, M.A. Clouiicagh, B|llingarry-Lacy, Co. 

lamorick. 

1903. *Crompton, Holland. Oaklyn, Cross Oak -road, Berkhamstod. 

1901. JCromptoit, Colonel ll. E., C.B., IM.Inst.C.E. (Pros. G, 1901.) 

Kensington-court, W. 

1887. XCrtOdK, Heniiv T., M.JnstC.E, 9 Albert- Sfiuara^ MatichcMer, 

1898. §Ckooke, William, B.A. (Pros. H, 1910 ; Council, 1910- .) Bang- 
ton House, Charlton Kings, Cheltenham. 

1805. §C»ooKES, Sir Wili.iam, O.M., H.Sc., F.H.S., V.P.C.S. (President, 
1898 ; Pres. B, 1880 ; Council, 1885-91.) 7 Kensington 

Park-gardens, W. 

1879. JCrookcs, Lady. 7 Ken.sington Park-gardens, W. 

1807. *CROOKSifANK, E. M., M.B. Ashdonm Forest, Forest Row, Sussex. 

1909. ij.Croshy, Rev. E. If. Ixnvis, B.l). 30 Rutlancl-sipiaiv, Dublin. 

1905. J(kostield, Hugh T. Walden, Coonihc-road, Croydon. 

1804. *Crosfield, Miss Margaret C. Undercroft, Rcigate. 

1870. *CnosTriEia>, Wilt.iam. 3 Ful wood-park, Liverpool. 

1901. §Cross, Professor Charles R. Massaehusot ts Instilnie of rcehnology, 
Boston, U.S.A. 

J890. JCross, E. Richard, LL,B. Tfarwood House, New Parks-crcscent, 
Scarborough. 

1905. §Cross, Robert. 13 Moray -place, Edinburgli. 

1904. *Ckosslev, a. W., D.Sc., Ph.D., F.Ji.S., Professor of Chemistry 

to the Pliarmaccmlical iSocitdy of Great Britain. 10 Crediton- 
road, West Htimpstoad, N.W. 

1908. Jt^rossloy, W. 30 Molest orth -street, Dublin. 

18S7. *Crosslcy, Sir William J., Bart., M. P. Glenheld, Bowdon, Cheshire. 

1891. *(Jroswellcr, William Thomas, F.Z.S., F.I.lnst. Kent Lodge, Ski- 

cup, If out. 

1897. *Croswellcr, Mrs. W. T. Kent Lodge, Sidcup, Kent. 

1890. *Cro\v ley, Ralph Henry, M.D. iSoIletHhott W .. h<dch worth. 

1910. §C)owtlior, Dr. C., M.A. ♦'the* ITiiiverMil y, Leeds. 

1910. •Oo\vlh(‘r, James Aniold. St. Joiui’.s Ct)lleg(‘, CnTlibridgt * 

1883. *CuLVER\vELL, Edward P., M.A., Professor of Education in Trinity 
College, Dublin. 

1883. tCulverwoll, T. J. H. Jatficld House, Clifton, Bristol. 

1898. JCiindall, J. Tudor. 1 I^oan Park-crescent, Efliiiburgli. 

18(>1. *Cunliffc, Edward Thomas. The Parsonage, Handforth, Manchester. 
18GI. *CunlifTe, Peter Gibson. Dunedin, Haudf*rth, Manchester. 

1905. JCunningham, ]\Tis3 A. 2 St. Paul’s-road, Cambridge. 

1882. ^CvNNiNGiiAivr, Lieut. -Colonel Allan, R.E., A.I.C.E. 2(J Essex- 

villas, Kensington, W. 

1905. J^hiiiningham, Andrew. Earlsferry, Campground -road, Mowbray, 
Soiitli Africa. 

1885. JCuN Nils GUAM, J. T., B.A. Biological Laboratory, Plymouth. 

1869. JCuNNiNGTiAM, Robert O., M.D., F.L.S., Professor of Natural 
History in Queen’s College, Belfast. 

1883. *CuNNiNGrTAM, Rev. W.,D.D., D.Sc. (Pres. F, 1891, 1905.) Trinity 

College, Cambridge,, 

1892. tCunningham-Cvaig, E. H., B.A., F.G.S. 14a Dublin-strooJ, 
Edinburgh. 

1900. *Cunnington, William A.*, M.A., Ph.D., F.Z.S. 25 Orlando-road, 
Clapham Common, S.W. 
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1908. JCurrelly, C. T., M.A., F.R.G.S. 
dilly, W. 

1892. ♦Currie, James, M.A., F.R.S.E. 
burgh. • 

iCurrie, Dr. (X^ J. Manor House, Mowbray, Cape Town. 
iCurric, W. P. P.O. Box 2010, Johannesburg. 

:Cijrry, Professor M., M.Inst.C.E. 6 King’s-gardens, Hove. 
;Cushing, Mrs. M. Rosslynlee,* Woodside Green, South 
wood, S.E. 

§Cushing, Thomas, F.R.A.S. Rosslynlee, Woodside Green, South 
Norwood, S.E. 

fCiushny, Arthur R., M.D., P.R.S., Professor of Pharmaeology in 
University College, Gower-street, W.C. 


1905. 

1905. 

1002. 

1883. 

1881. 

1907. 


United Empire Club, 117 Picca- 
Larkfield, Wardie-road,* Edin- 


Nor- 


1010. §T)akin, Dr. W. J. The University, Liverjiool. 

1898. *DAnBY, W. E., M.A., B.Sc., M.Inst.C. K. (Pres. G, 1910), Professor of 

Civil and Meohaiiieal Engineering in the City and Guilds of 
l,iOndon Institute, Kxliibition-road, S.W. 

1889. *Dale, Miss Elizabeth. Garth Cottage, Oxford -road, Cambridge. 
1000. §Dale, WJlliam, F.S.A., F.G.S. The Lawn, Archer’s-road, South- 
ampton. 

1907. JDaloltesh, Riciiakd, J.P., D.Tj. Ashfordby Plaeo, near Melton 

Mowbray. 

1904. *Dalton, j. H. C., M.D. Tlio Plot, Adams-road, Cambridge. 

1862. JDanuy, T. W., M.A., F.G.S. The Crouch, Seaford, Sussex. 

1905. JDanicl, Miss A. M. 3 St. John’s-tcrraco, Weston-super-Mare. 

1901. JDauiell, G. F., B.Sc. Woodberry, Oakleigh Park, N. 

1896. gDanson, F. C. Tower- buildings. Water-street, Liverpool. 

1849. *Danson, Joseph. Montreal, Canada. • 

1897. gDarbislhrc, F. V., B.A., Ph.D. South-Eastern Agricultural 

College, Wye, Kent. 

1903. JDarhishirc, Dr. Otto V. The University, Manchester. 

1904. *Darwin, Charles Gallon. Nownham Grange, Cambridge. 

1899. ♦Darwin, Erasmus.^ The Orehard, Huntingdon-road, Cambridge. 
1882. *Darwin, Francis, M.A., M.B., I 4 L.D., D.Sc., F.R.S., F.L.S. 

(PkeSxdisnt, 1908; Pres. D, 1891 ; Pros. K, 1904; Council, 
1882-84, 1897-1901.) 13 Mad ingley- road, Cambridge. 

1881. *Dauwin, Sir Georgm Howard, K.C.B., M.A., LL.D., F.R.S., 

F.R.A.S. (President, 1905; Pres. A, IS 86 ; Council, 1886- 
1892), Plumian Professor of Astronomy and Experimental 
Philosophy in the University of Cambridge. Newnham 
Grange, Cambridge. 

1905. JDarwin, I^ady. Newnham Grange, Cambridge. 

1878. ♦Darwin, Horace, M.A., F.R.S. The Orchard, Hunting 4 on-road, 
Cambridge. 

1894. *Darwin, Major Leonard, Pies. R.G.S. (Pres. E, 1896 ; Council, 
1899-1905.) 12 Eger ton -place, South Kensington, S.W. 

1882. J Darwin, W, E., B.A., F.G.S. 11 Egerton-place, S.W. 

1910. gDiiuncey, Mrs. Thurshy. Lady Stewert, Heath-road, Weybridge. 

1908. JDavoy, H. 15 Victoria-road, Brighton. 

1880. *Davey, Henry, M.Tn.st.C.E. Conaways, Ewell, Surrey. 

1884. JDavid, A, J., B.A., T<iL.B. 4 Harcourt-buildings, Temple, E.C. 
1904. gDavidgo, H. T., B.Sc., Profci^or of Electricity in the Ordnance 
College, Woolwich. 

1909. JDavidson, A. R. 150 Stradbrooke-^ilace, Winnipeg, Canada. 

1902. ♦Davidson, S. C. Seacourt, Bangor, Co. Down, 
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1910. *Davio, Robert C., M.A., B.Sc. 16 Ruthven-sti-oot, Kclviiisido, 
Glasgow. 

1887.**Davies, H. Rees. Treborth, Bangor, J^ortb Wales. 

1904. §Davies, Henry N., F.G.S. St. Chad’s, Wes -super-Mare. 

1906. JDavies, S. H. Ryecroft, New Earswdck, Yc4k. 

1893. ♦Davies, Rev. T. Witton, B.A., Ph.D., D.D., Professor of Semitic 
Languages in University College, Bangor, North Wales. 

1896. *DavieB, Thomas Wilberforce, F.G.S. 41 Pork-place, Cardilf. 

1870. ♦Davis, A. S. St. George’s School, Roundhay, near Ijceds. 

1873. ♦Davis, Alfred. 37 Ladbroke-grove, W. 

1905. t Davis, C. R. S. National Bank-buildings, Johannc8j>urg. 

1896. *Davis, John Henry Grant. The Hawthorns, Sutton -road, Walsall. 
1910. §Da vis, John King. 2 Brockenhurst Green -street, Jersey. 

1905. §Davis, l..uther. P.O. Box 898, Johannesburg. 

1885. ♦Davis, Rev. Rudolf. Morningtou, EhnlM-idge-road, Gloucester. 
1905. fDavy, Mrs. Alice Burtt. P.O. Box 434, Pretoria. 

1905. JDavy, Joseph Burtt, F.R.G.S., F.L.S. P.O. Box 434, Pretoria. 
1864. JDawkins, W. Boyd, D.Sc., F.R.S., F.S.A., F.G.S. (Prcs.C, 1888 ; 

Council, 1882-88.) Fallowfiold House, Fallow field, Alan- 
chester. 

1885, ♦Dawson, Lieut. -Colonel H. P., R.A. Hartliiigton * ilall, Burnsall, 
Skipton-in-Craven. 

1901. ♦Dawson, P. The Acre, Marybill, Glasgow. 

1905. JDawson, Mrs. The Acre, Maryhill, Glasgow. 

1884. JDawson, Samuei.. (Local Sec. 1884.) 258 University-street, 

Montreal, Canada. 

1906. §Dawson, William Clarke. 16 Parliament-street, Hull. 

1859. *Dawson, Captain W. G. 31 King’s-gardeiis, IVest Kiid-lano, N.W. 
1909. JDay, Miss M. Edith. 200 Portage-avenue, W'^iiiuipeg, Canacla. 

1900. J Deacon, M. Whittington House, near Chcstcriield. 

1909. §Dcan, George, F.R.G.S. 5 Wordsworth-maiisions, (iuoon’s Ciub- 
gn^rdens, W. 

1901. *Deasy, Captain H. TJ. P. 24 Evolyn-gardens, S.W. 

1884. *Debenham, Frank, F.S.S. I Fitzjohn’s-avenuc, N.W. 

1866. JDebus, IlEiNKicn, Ph.D., F.R.S., F.C.S. • (Pros. B, 1869 ; Council, 
1870-75.) 4 Schlt^.igenweg, Cassel, Hessen.^ 

1893. ■‘‘Deelf'.y, R. M., M.Tnst.C.E., F.G.S. Inglewood, Longorof't-avojiuo, 

Harj)cnden, Herts. 

1873. JDelany, Very Rev. William, LL.D. University College, Dublin. 
1908. *Dolf, Miss E. M. Westfield College, Hampstead, NAV. 

1907. JDo Lisle, Mrs. Edwin. UharnwotS Lodge, Coalville, I.<eicestcrsliiro. 
1896. {Dempster, John. Tynron, Noctoiaim, Birkenhead. 

1902. {Dendy, Arthur, D.Sc., F.R.S., F.L.S., I’rofessor of Zoology in 

King’s College, Ixindon, W.C. 

1908. {Dpnnehy, W. F. 23 Lecson-park, Dublin. 

1889. §Denny, Alfked, M.Sc., F.L.S., Professor of Biology in the Univer- 
sity of Sheffield. 

1905. {Denny, G. A. 603-4 Consolidated-buildings, Fox-street, Johannes- 
burg. 

1909. §Dent, Edward, M.A. 2 CarJos-place, W. 

1874. *Dorham, Walter, M.A., LL.M., F.G.S. Junior Carlton Club, 

Pall Mall, S.W. 

1907. ♦Desch, Cecil H., D.Sc., Ph.D. 9 Spring-gardens, North Keiviiisidr,. 

Glasgow. 

1908. §Despard, Miss Kathleen M. 6 Sutton Court-mansions, Grove Park- 

tcrraco, Chiswick. ' 

1894. ♦Deverell, F. H. 7 Grote’s-place, Blackheath, S.E. 
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1868. *Dewae, Sir James, M.A., LL.D., D.Sc., F.R.S., F.R.S.E., V.P.C.S., 
Fullerian Professor of Chemistry in the Royal Institution, 
London, and Jacksonian Professor of Natural and Expori- 
mental l^ilosopny in the University of Cambridge. (Presi- 
dent, 1902 ; Pros. R, 1879 ; Council, 1883-88.) 1 Scroope- 

terraco, Cambridge. 

1881. JDewar, Lady. 1 Scroope-terracc, Cambridge?. 

1884. *l)ewar, William, M.A. Ilorion House, Rugby. 

1005. Xheivhirsl, May, PemhroJse House, Oxford-road, Cokheskr, 
1901. JDick, George Haiidasyde. 31 Hamilton-drive, Hillhead, Glasgow. 
VJOS, quicks, Henry. TJ aslecoiirt, HorselJ, Woking. 

190L §l)ickson, Charles Scott, K.C., LL.D. Carlton Club, Pall 
IMall, S.W. 

1881. JDiokson, Edmund, M.A., F.G.S. Claughton House, Garstang, 
R.S.O., Lancashire. 

1887. §Dickson, If. N., D.Sc., F.R.S.E., F.R.G.S. The Lawn, Upper 
Redlands-road, Reading. 

1902. |Diek«on, James 1). Hamilton, M.A., F.R.S.E. 9 Cranmer-road, 

Cambridge. 

The Right Hon. Sir CriARLEs Wentworth, Hart., M.P., 
R.Rra.S. 1 . 

1877. t Dillon, James, M.Inst.C.E. 30 Dawson -street, Dublin. 

1908. J Dines, J. S. 4 Larkfield-road, Richmond, Surrey. 

1901. §Dines, W. H., H.A., F.R.S. Pyrton Hill, Watlington. 

1900. § Divers, Professor Edward, M.D., D.Sc., F.R.S. (Prc.s. B, 1902.) 
3 Canning-place, Palace Gate, W. 

1898. ♦Dix, John William S. Hampton Lodge, Durdhain Down, Clifton, 

Bristol. 

1905. §Dix(sy, F. A., M.A., M.D., F.R.S., Wadham College, Oxford. 

1899. *Di XON, A. C., D.Sc., F.R.S., Professor of Matheniatic.s in Queen’s 

Univt'rsity, Belfast. IJiirstwood, Malone Park, Belfast. 

1874. *Dixon, A. E., M.D., Professor of Chemistry in Queen’s College, 
Cork. • 

1900. JDixon, A. Franeis, Sc.D., Professor of Anatomy in the University 

of Dublin. • 

1905. JT^Uon, Mil’s E. K. Fern Bank, St. •Bees, OumfierlaiKl. 

1908. {Dixon, Edward K., IM.E., JM.Inst.tJ.E. (bsthibar, (’o. Mayo.'’ 

1888. {Dixon, Ed ward .T. Racketts, Hylhe, Hampshire. 

1908. * Dixon, t’RXKsT, IkSc., F.G.S. Tlie Museum, Jcrmyn-sfrect, S.W. 
1000. *Dixon, Major George, M.A. Fern Ituik, St. Bees, Cumberland. 
1879. *Dixon, Hakodd B., M.A., F.R.S., l^O.S. (Pres. B, 1894), Professor 
of Chemistry in the Victoria University, Manchester. 

1902. {Dixon, Henry IT.V D.Sc., F.R.S., Professor of Botany in the 

« University of Dublin. Clevedon, Temple-road, Dublin. 

1908. *Dixon, Walter, F.R.M.S. Derwcjit, 30 Kelvinsidcfgardcns, 
Glasgow. 

1907. *Dixon, Professor Walter E. The Museums, Cambridge. 

1902. {Dixon, W. V. Scotch Quarter, Carrickfergiis. 

1896. §Dixon-Nuttall, F. R. Ingleholmo, Eceleston Pai'k, Pr(?scot. 

1890. {Dobbio, James J., D.Sc., L1 j.D., F.R.S., Principal of the (iovcni- 
ment Laboratories, 13 Clement’s lim-pa.ssage, W'.O. 

1885. Dobbin, lA?onard, Ph.D. The University, Edinlnngh, 

1860. *Dobbs, Archibald Edward, M.A.* Castle Dobbs, Carrickfergus, 
Co, Antrim. 

1902. {Dobbs, F. W. 2 Willowbrook, Eton, Windsor. 

1905. {Dobson, Professor J. H. Transvaal Teclmical Institute, Johannes- 
burg. 
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1908. JDodi>, Hon. Mr. Justice. 26 Fit z william-square, Dublin. 

1876. jDodfls, J. M. St. Peter’s College, Cambridge. 

1905. JDodds, Dr. W. J. Valkenberg, Alowbray, Cape Colony. 

1904. JDoncaster, Leonard, M. A. ^^ng's CoTjoge, C* in bridge. 

1896. tDonnan, F. E. Ardenmore-terraoo, llolywocft, Ireland. 

1901. JDonnan, F. G., M.A., Ph.D., Professor of Physical Chemistry. 
The University, Liverpool. 

1905. JDonnan, H. Allandale, Claremont, Caj)o Colony. 

1905. jDonner, Arthur. Helsingfors, Finland. 

1905. §Dornan, Rev. S. S. P.O. Box 510, Bulawayo, South Rhodesia, 
South Africa. 

1863. *Doughty, Charles Montagu. 26 Grange-road, Eastbourne. 

1909. JDouglas, A. J., M.D. City Health Dc}>artmmi, Winnipeg, Canada. 
1909. *Doiiglas, James. 99 John-stivef, New York, IkS.A. 

1905. ifDouglas-McMillan, Mrs. A. 31 Ford-slrcet, tleppcstown, Transvaal. 
1884. JDovo, Miss Frances. Wycombe Abbey School, Buckinghamshire. 

1903. }Dow, Miss Agnes R. 81 Park-mansions, Kniglihsbridge, S.W. 

1884. * Dowling, D. J. Sycamore, Clivc-avenuo, Hastings. 

1865. *I)owson, E. Theodore, F.R.M.S. Gcldcston, ne^ir Becclcs, Suffolk. 
1881. *Dowson, J. Emerson, M.Tnsl.C.E. 11 Emban kmc iii- gardens, 
Chelsea, S.W. 

\>vxN\d, .V. Greenwood, PoUoUsbiehU, Obvj;go\v. 

1905. JDrew, 11. W., H\oco\\u\> Ga^Wc, ViaVVyAwW, 

Co. Waterford. 

1900. *Drew, Joseph Webster, M.A., LL.M. Fashoda, Scarborough. 

190(1. *Drew, Mrs. Fashoda, Scarborough. 

1908, § Droop, J. P. 11 (-kn eland -gardens, Hyde J^irk, 1V^ 

1893. ijDitucB, G. CiaRiDGE, M.A., F.L.S. (Local Sec. 1894.) Yardley 
Lodge, 9 Crick -road, Oxford. 

1909. *Drugmah, Julien, Pli.D., M.Sc. Maison Xt'grin, La Locca, Cannes, 

France. 

1905. JDrury, If. P.O. Bo.v 2305, Johannesburg. 

1905. JDrury, Mrs. H. P.O. Box 2305, Johannesburg. 

1907. gDrysdale, Charles V., IXSc. Northampton Institute, (Jlerken- 
.well, E.C. 

1892. JDu 13ois, Professor Dr. 41. Herwarthstraftso 4, liprlin, N.W. 

1856. *'Ducii 3, The Right Hon. Henry John Reynolds Moni/r'oN, Earl 

of, F.R.S., F.G.S. 16 Port! nan-square, W. 

1870. J Duckworth, 'Henry, F.l^.S., F.G.S. 7 Grey Friars, Chester. 

1900. *Duckw'orth, W. L. 11., ]\1.D., Sc.D. Jesus (A>llege, Cambridge. 
1895. *Duddell, William, F.R..’^. 47 Hans-place, S.W. 

1906. JDudgeon, Gerald C., Superintendent of Agriculture for British 

West Africa. Bathurst, Gambia, British West Africa. 

1904. *Duffield, W. Geoffrey. University College, Kcviding. 

1890. JDufton, S. F. Trinity College, Cambridge. 

1909. JDuncan, D. M., M.A. 83 Spcnce-street, \Vinni|)Og, Canada. 

1891. *Duncan, Sir John, J.P. ‘ South Wales Daily News ’ Uflice, Cardiff. 

1910. §J)iinn. Rev. J. Road Kill Vicarage Bath. 

1870. jDuniiachie, James. 48 West Regent-street, Glasgow. 

1884. jDimnington, Profe-ssor F. P. University of Virginia, Charlotte. i- 

ville, Virginia, U.S.A. 

1893. *Dunstan, M. J. R., Principal of the South- l^^astern Agricultural 

College, Wye, Kent, 

1801. JDunstan, Mrs. South-Eastern Agricultural Ccdlege, Wyc, Kent. 

1885. *Ddnstan, Professor Wyndiiam, M.A., LL.D., F.R.S., V.P.C.S. 

(Pres. B, 1900 ; Coiincil, 1905-08), Director of the Imperial 
Institute, S.W. 



BRITISH ASSOCIATION. 


28 

Year of 
Kleotion. 

1905. §Dutton, C. L. O’Brien. High Commissioner’s Office, J ohannesburg. 
1910. §Dutton, b\ V., B.Sc. County Agricultural Laboratories, liich- 
mond-road, Exeter. 

1895. *Dwi5rryiiou^e, ABiinuR R., D.Sc., F.G.S. Deraness, Dcramore 
" Park, liCrlfast. 

1885. ♦Dyer, Henry, M.A., D.Sc. 8 Highburgh-terrace, Dowanhill, 
Glasgow. 

1895. §Oymond, Thomas S., F.C.S. Savile Club, Piccadilly, W. 

1905. *Dyson, F. W., M.A., F.R.S. (Council, 1905- ), Astronomer Royal. 

Royal Observatory, Gi-ceiiwicli, S.E. 

1910. §Dyson, W. H. Malfcby Colliery, near Rotherliain, Yorksliire. 


1905. JEarp, E. J. P.O. Box 538, Cape Town. 

1899. {East, W. IT. Municipal School of Art, Science, and Technology, 

Dover. 

1909. *Easterbrook, C. C., M.A., M.D. Crichton Royal Institution, 
Dumfries. 

1893. *Ebbs, Alfre^d B. Northumberland-alley, Fcnchureh-street, E.C. 

1900. *Ebbs, Mrs. A. B. Tuborg, Durham-aveime, Bromley, Kent. 

1909. JJCccles, J. R. Gresham’s School, Holt, Norfolk. 

1903. {Eccles, W. H., D.Sc. 16 Worfield-street, Battersea, S.W. 

1908. *Eddington, A. S., B.A., M.Sc. Royal Observatory, Green- 

wich, S.E. 

1870. *Eddison, John Edwin, M.D., M.R.C.S. Tlie Lodge, Adel, Leeds. 
1858. *Eddy, James Ray, F.G.S. The Grange, Carleton, Skipton. 

1884. *Edgell, Rev. R. Arnold, M.A. Bockley Rectory, East Sussex. 

1887. §Edoewobth, F. Y., M.A., D.C.L., F.S.S. (Pres. F, 1889 ; Council, 

1879-86, 1891-98), Professor of Political Economy in the 
University of Oxford. All Souls College, Oxford. 

1870. *Edmonds, F. B. 6 Clement’s Inn, W.C. 

1883. JEdmonds, William. Wiscombe Park, Colyton, Devon. 

1888. *Edmunds, Henry. Antron, 71 Upper ^rulse-hill, S.W. 

1884. *Edmnnds, James, M.D. 23 Sussex-square, Kemp Town, 

Brighton. 

1901. ♦Edridge -Green, F. W., M.D., F.RC.S. Hendon Grove, Hendon, 

“ N.W? 

1899. §Edwards, E. J., Assoc.M.Inst.C.E. 290 Trinity-road, Wandsworth, 
S.W. 

1903. JEdwards. Mrs. Emily. Norley Grange, 73 Leyland-road, South- 
port. •- 

1903. JEdwards, Franc;is. Norley Grange, 73 Leyland-road, Southport. 

1903. J Edwards, Miss Marion K. Norley Grange, 73 Leyland-road, 

Southport. 

1901. JEggar, W. D. Eton College, Windsor, 

1009. j logger t son, Ami. 120 Emily-street, Winnipeg, Canada. 

1909, gElirenborg, G. B. 618 W^inch-lniilding, . Vancouver, B.C., 

Canada. 

1907. *Elderton, W. Palin. 74 Mount Nod-road, Streatham, S.W. 

1890. §Elford, Percy. 115 Woodstock-road, Oxford. 

1901. ♦Elies, Miss Gertrude L., D.Sc. Nm^mham College, Cambridge. 

1904. Miss Agnes I. M. Nownbam College, Cambridge. 

1*904 JEIhot, R. H. Clifton Park, Kelso. N.B. 

1904 X^Uiot, T, li^ Ji» Holme Park, Rotherfield, Sussex, 

1891. JElliott, A. C., D.Sc., M.Inst.C.B., Professor of Engineering in 

University College, Cardiff. 2 Plasturton- avenue, Cardiff. 

1905. :|:Elliott, C. C.» M.D. Church-square» Cape Town. 
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1883. ♦Elliott, Edwin Bailey, M.A., P.R.S., F.R.A.S., Wayiifleto 

Professor of Pure Mathematics in the University of Oxford. 

4 Bardwoll-road, Oxford. ’ 

Elliott, John Fogg. Elvet Hill, Durham. - 
1906. ♦Ellis, David, D.Sc., Ph.D. Technical College, Glasgow. 

1875. *El]is, II. D. . 12 Gloucester- terrace, Hyde Park, VV. 

1906. §Eltjs, Herbert. 120 Regent-road, Leice.ster. 

1880. ♦Ellis, Jotin Henry. (Local Sec. 1883.) lO The Crescent, 

Plymouth. 

1891. §Ellis, Miss M. A. 14 Wellington -square, Oxford. 

1906. JElmhirst, Charles E. (Local Sec. 1906.) 29 Moiint-valo, York. 

1910. §Elinhirst, lliehard. Marine Biological Station, Millport. 

1884. JEmery, Albert H. Stamford, Connecticut, U.S.A. 

1869. *Eiiys, John Davies. Enys, Penryn, Cornwall. 

1862. *Esson, William, M.A., F.R.S., F.R.A.S., Savilian Professor of 
Geometry in the University of Oxford. 13 Bradmore-road, 
Oxford. 

1887. ♦Estcourt, Charles, F.I.C. 6 Scymour-grovo, Old Trafford, Man * 
Chester. 

1887. *Estcourt, P. A., F.C.S., F.I.C. 6 Seymour -grove^ Old Tralford, 
Manchester. 

1911. §Etii35rton, G. Hammond. (Local Secretary, 1911.) Town Hall, 

I’ortsmoiitJi. 

1897. * Evans, Lady. Britwcll, Borkharasted, Herts. 

1889. * Evans, A. H., M.A. 9 Harvoy-road, Cambridge. 

1905. JEvans, Mrs. A. H. 9 Ilarvey-road, Cambridge. 

1870. ‘♦Evans, Arthur John, M. A., LIj.D., F.R.S., F.S.A. (Pros. H, 

1890.) Youlbury, Abingdon. 

1908. tEvaiis, R '.V. Henry, D.D., Commissioner of National hlducation, 

Ireland. Blackrock, Co. Dublin. 

1887. *Evan8, Mrs. Isabel. Hoghton Hall, Hoghton, near Preston. 

188^ *Evans, Mrs. James C. Casewell Ijodgo, Llanwrtyd Wells, South 
Wales. 

1010. *Evans, John W., D.Sc., LL.B.. F.G.S. - 75 Craven Park-road, 

' Harlcsdon, N.W. ,, 

1885. ♦Evans, Percy Bagnall. The Spring, Kenilworth. 

1005. JEvans, R. O. LI. Broom HalL Chwilog, R.S.O., Carnarvonshire. 
1905. {Evans, T. IT. 9 Harvey -road, Cambridge. 

1910. §Evaus, T. J. Tlie Univomty, SliciTield. 

1905. {Evans, Thomas H. P.O. Box 1276, Johannesburg. 

1865. *EvaTis, William. The Spring, Kenilworth. 

1909. {Evans, W. Sanford, M.A. (Local Sec.' 1909). 43 Edmonton- 

street, Winnipeg. 

1903. {Evatt, E. J., M.B. 8 Kyvcilog-atreet, Cardiff. 

1902. *Everctt, Percy W. Oaklands, Elstree, Hertfordshire. 

1872. {Eversley, Right Hon. Ixird, F.R.S. (Pres. F, 1879 ; Council, 
1 878-80. ) 18 Bryanston -square, W. 

1883. {Eves, Miss Florence, Uxbridge. 

1881. {Ewart, J. Cossab, M.D., F.R.S. (Pros. D, 1901), Professor of 

Natural History in the Univonsity of Edinburgh. 

JL874. {Ewart, Sir W. Quartus, Bart. (Local Sec. 1874.) Glenmachan, 
Belfast. , . 

1876. *Ewino, James Alfred, C.B., M.A., LL.D., F.R.S., F.R.B.K., 

M.Inst.O.E. (Pres. G, 1906), Director of Naval Education, 
Admiralty, S.W. F^ogholo, Edenbridge, Kent. 

1903. §Ewing, Peter, F.L.S. The Frond, Uddingston, Glasgow. 

1884. ♦Eyerman, John, F.Z.S. Oakhurst, Easton, Pennsylvania, U.S.A. 
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1905. tRyro, Dr. 0. G. Claremont, Capo (colony. 

Eyton, Charles. ITcmlrcd House, Abingdon. 

1900. ^Fabor, GoorA D. 14 Grosvenor-square, W. 

1901. *Fairgriove, McCallum. 07 Great King-stioot, Edinburgh. 

1805. *Faibley, Thomas, F.R.S.E., F.C.S. 8 Newton-grove, r.<eeds. 

1910. §RaIconor, J. D. The Jjiines, Little Eerkliamsted, Hertford. 

1908. J I^^ileoner, Robert A., M.A. 44 Mcjrrion -square, Dublin. 

1896. §Falk, Herman John, M.A. Thorshill, West Kirby, Cheshire, 

1902. §Fallaize, E. N., M.A. Vincliolcz, Chase Court-gardens, Windmill- 

hill, Enfield. 

1907. *Farithain, H. ]>., D.Sc. New Museums, Cambridge. 

1902. §Earou, William. 1 1 Mount Charles. Belfast. 

1892. ♦Farmku. J. Bretland, M.A., F.R.S., F.L.S. (Pros. K, 1907.) 
Sliirh'v Holms, (lerrai'fJs Cros.s. 

ISSO. jl'\irii(Mnul)o, Joseph, J.F. Saltwood, vSpcnccr-road, Eastbourne. 

1897. *Farnworth, Mrs. Ernest. Broadlauds, Goldthorn Hill, Wolver- 

hampton. 

1901. JFarnw'orth,* Miss Olive. Broadlands, Goldthorn Hill, Wolvcr- 
haqjpton. 

*FavquIiarson, Mrs. R. F. O. Tillydrino, Kincardine O’Neil, 
N.B. ' 

1905. {Farrar, Edward. P.O. Box 1242, Joliannosburg. 

1904. §Farrer, Sir William. 18 Uiiper Brook-street, W. 

1903. iFaulkner, Joseph M. 17 Great Ducie-strect, Strange ways, Man- 
chester. 

1800. ^Fawcett, F. B. University College, Bristol. 

1000. ^Fawcett, Henry Ilargrcave. 20 Margaret -street, Cavendish- 
s(piare, W. 

1000. {Fawcett, J. E., J.P. (Local Sec. 1000.) Low Royd, Apporlev 
Bridge, Bradford. 

1002. *Fawsitt, C. E., Ph.I)., Professor of Clumiistry in this University of 
Sydney, New South Wales. 

1009. Charles Ryle, M.A. Christ’s College, Cambridge. 

1906. *Fearnsides, Edwin G., M.A., M.B., B.Sc. London Hospital, E. 
1901. *F,3arnside.:, W. G., M.A., F.G.S. Sidney Sussex College Cam- 
bridge. 

1905. §Feilden, Colonel H. W., C.B., K.R.C.S.. P.O.S. Burwash, Sussex 

1900. ♦Fennell, William John. Deramoro Drive, Belfast. 

1904. JFenton, H. J. II., M.A., F.B.S. 19 Brookside, Cambridge. 

1871. *Fi5RatTsoN, John, M.A., BL.D., F.R.S.F., F.S.A., F.C.S., Professor 
of Chemistry in the University of Glasgow. 

189G. *Ferguson, Hon. John, C.M.O. Xaschy IJouso, Newera Klliva 
Ceylon. ^ ’ 

1901. {Ferguson, R. W. Municipal Technical School, the Gamble Insti- 

tute, St. Helens, Lancashire. 

1S()3. *Fernio, John. Box No. 2, Hutchinson, Kansas, U.S.A. 

1910. * Ferranti, S. Zae. (hitullcfoid, near SheHicld. 

1905. tFcrrar, J, E. Sidrtcij College, Cambridge, 

1905. *Forrar, H. T., F.({.S. theological Survey of Egypt, Giza 

Egypt. 

1873. {FERRnm, Sir David, M. A., M.D., LL.D., F.R.S., Professor of Ncuro- 
. ^ in King’s College, London. 34 Cavendish -so uaro, W. 

1909. ijihethorstonhaugh, Proh^ssor Edward P., B.Sc. 119 Betourney- 
street, Winnipeg, Canada. 

1882. §Fowings, James, B.A., B.Sc. King Edward VI. Grammar School. 
Southampton. 
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1897. JField, < icorj^o Wilton, Ph.D. Room 158, State House, Jlostoii, 
• M.i.ssachuseits, U.S.A. 

1907. §Fiol(l.s, Professor J. 0. Tho Univcrsit-v, 'roroiito, Caiiatla. 

190G. §Filon, L. N. G., D.Sc., F.R.S. Vega, Bfenlieiiu Park -road, Croydon. 
IS8.*1. ♦Finch, Gerard B., M.A. IIowcs Close, CamhAdgo. 

1905. JFincliam, G. TI. Hopewell, Invami, Cape Colony. 

1905. §Findlay, Alexander, M.A., Ph.D., D.Se., Lecturer on Phjrsical 

Chemistry in the University of Birmingham. 

1901:. *Findlay, J. J., Ph.D., Professor of Kducation in the Victoria 
University, ftlanchostcr. Ruporra, Victoria Park, Manchester. 
1902. §Finnegan, J., M.A., B.Sc. Kelvin .House, Botanic-avenue, 
Belfast. 

1902. JFishor, J. R. Cranfield, Fortwilliam Park, Belfast. 

1909. SFishcr, James, K.C. 216 Porl.age-a\enuc, Winnipeg, Canada. 

1869. JFisupjr, Rev. Osmond, M.A., F.^LS. Ilarlton Rectory, near 
Cambridge. 

1875. *Fisher, W. W., M.A., F.C.S. 5 St. Margarot’s-road, Oxford. 

1887. *Fison, Alfred H., D.Sc. 47 Dartinouth-road, Willesden Gn;on, 

N.W. 

1871. *Fjson, Sir FinoDEUCCK W., Bart., M.A., F.C.S. 64 Pont-street, 
S.W. 

188.1. {Fitch, Rev. J. .1. 5 Chauihrc^s-road, Southport. 

1885. ♦FitzGebadd, Professor M\UBroE, B.A. (Local Sec. 1902.) 32 

Eglantine-avenue, Bel fast. 

1894. {Fitzinaurice, .Maurice, C.IM.G., IM.Iast.C. E. London County 
Council, Spring-gardens, S.W. 

1888^ *FiTZL*ATBrciv, Rev. 'Ihio.iiAS C., Piesidont of Queens’ (k)llege, 
Cambridge. 

1904. {Flathor, J. H., M.A. Camden House. 90 Hills-rojul, Cambridge. 
1004. {Fleming, James. 2.5 K(;lvinside-1errace Soulli, Glasgow. 

.1892. {Fletcher, George, F.G.S. 55 Pern i»roke- road. Dublin. 

1888. ♦Fletcher, I^azartts, M.A., F.H.S., F.G.S. , F.O.S. (Pres. C, 1894), 

Director ot th«? NaUiral History Museum, Cromwell -road, 
S.W. 35 VVootlville-gardens, Ealing, W. 
lt)08. *Fletc*licr, ^V^ II. B. Aid wick Manor, Bognnr, Susstix. 

1901. ynett, J. S., M.A., D.Sc.?F.H.S.E. 28 Jermyn-st«3ct, S.W. 

1906. ^Fleure, H. J., D.So., Professor of Zoology and ({eoiogy in Uiii- 

V(^r.sity College, Aberystwyth. 

1905. *Flint, Rev. W., D.D. House.^ of Parliament, Cape Town. 

1889. {Flower, Lady. 26 StarJiopo-g.irdens, S.W. 

1905. {Flo\v(U's, Frank. United Biulding.s, Fox burgh, Jobanneslnirg. 

1890. *Flijx, a. W., M.A. Board of Trade, House, White- 

hall, S.W. 

1877. {Foale, VV^illiam. The Croft, Madeira Park, I'linbridgo Welts. 

1903. {FcA)rd- Kelcoy, W., Professor of Mathematics in the Royal Military 

Academy, Woolwich. The Shrubbery, Shooter’s liill, S.E. 

1906. §Forbcs, Charles Mansfeldt. I Oriel-crescent, Scarborough. 

1873. *FoRir''S, Georof), M.A., F.R.S., F.R.S.E., JM.Inst.C.E. 11 Liiih 
* (Jollcge-streot, W'est mins ter, S.W 

1883. {Forres, Henry O., LL.D., F.Z.S., Director of Museums for tho 
Corporation of Liverpool. 4'he JMuseufii, Liverpool. 

1905. §Forbes, Major W. Lacitlan. Army an<l Xavy GIul>, London, S.W'. 
1890. {Ford, J. Rawlinson. (LcScal Sec. 1890.) Quarry Dene, Weet wood-' 
lane, Leeds. 

1875. *Fordham, Sir HEiiifwrv* GEonai:, Odscy, A.^hwell, Baldock, 
Herts 

1909. {FoKGEr, The Hon. A. E. Regina, Saskatchewan, Camida. 
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18S7. {Forrest, Tho Right Hon. Sir John, G.C.M.G., F.R.G.S., F.G.S. 
Perth, Western Australia. 

1902. *Forstor, M. O., Ph.D. . D.Sc., F.R.S. Imperial College of Science 
^ and Technology, S.W. 

1883. {Forsyth, A. R., M.A., D.Sc., F.R.S. (Pres. A, 1897, 1905 ; Council, 
1907-09.) Belgrave-mansions, ( Jrosvenor-gfiixlcns, S.VV^. 

1911. § Poster, Alderman T. Soott, J.P. (Local Treasurer, 1011.) Town 
Ifail, PorhsmouMi. 

1857. *Foster, Georoe Carey, B.A., LL.D., D.So., F.R.S. (General 
Treasurer, 1898-1904; Pros. A, 1877 ; Council, 1871-76, 
1877-82). Lady walk, Riokmansworth. 

A90H. AruoAd. \\ IViWs-plaec, Oxford Cm*uv^, \V . 

1901. §Fo.stor, T. Gregory, Ph.I)., Principal of University College, London. 
Ch ester- rojid, North wood, Middlesex. 

1903. {Fonreado, If. G. P.O., Storms River, Humansdorp, Capo Colony. 
1905. §Fo\vlds, ATirain. 65 Devonshiro-siroet, Keighley, Yorkshire. 

1009. §Fowlds, Mrs. 65 Devoiishirc-stroct, Keighley, Yorkshire. 

1900. §Fowlor, Oliver H., M.R.C.S. Ashcroft House, Cirencester. 

1883. *Fox, CJmrlcJi. Tho Pynes, Warlingham-on-thc-lTill, Surrey. 

1883. {Fox, Sir CnARLE.s Douglas, M.Inst.C. PL (Pres. G, 1896.) Cross 

Kej^ House, 56 Moorgate-slrcel, E.C. 

1904. *P"'ox, Charles J. J., B.So., Ph.D., Professor of Cliornistry in the 

Piesidenoy College of Science, Poona, India. 

1904. §Fox, F. Donglfis, M.A., M.Tnst.C.E. 19 Tho Square, Kensington, W. 

1905. {PVx, Mrs. F. Douglas. 19 The Square, Kensington, W. 

1883. {Fox, Howard, F.G.S. Roschill, Falmouth. 

1847. *Fox, .ioseph Hoyland. The Clive, Wellington, Somonset. 

1900. *Fox, Thomas. Old Way House, Wellington, Somonset. 

1909. =M'"ox, Wilson J4oyd. Carmino, i\ilmoii(h. 

1908. §P\)xley, jMiss Barbara, M.A. 12 Lime-grove, Manehcstcr. 

1881. *Fox\vell, HerrertS., M.A., B’.S.S. (Council, 1894-97), Professor 
of Political Economy in University College, London. St. 
John’s College, Cambridge. 

1907. §Fraine, Miss Ethel do, D.Sc.,F.L.S. 223 Shrewsburv-road, Forest 
Gate. E. 

1905. {Frames, j'lenry J. Talana, St. * Patriek’s-avenue, Park town, 
Johannesburg. 

J905. {Frames, Mrs. Talana, St. Patrick’s-avenuo, Parktown, Johannes- 
burg. 

1905. {Francke, M. P.O. Box 1150, Johan^iasburg. 

1887. *KRAMiLANi), Percy F., Ph.D., B.So., F.R.S. (Pres. B, 1901), Pro- 
fessor of Chemistry in tho University of Birmingham. 

10 1 0. * P’ranklin, ( i EORG K, JAtt. D. Tapton J Tall, Shefiield, 

1911. §J<'raseji, Dr. A. Meakns. (JjOcal Secretary, 1911.) Town Hall, 
Portsmouth. 

1805. {Fraser, Alexander. 63 Church-street, Inverness. 

1885. {Fraser, Angus, M.A., M.D., F.C.S. (Ix)cal Sec. 1885.) 232 Union- 
street, Aberdeen. 

1006. *Fraser, Miss Helen C. L, D.Sc., F.L.S., Department of ^Botany, 
Bilk heck Ckillcge, London. 27 Lincoln’s Inn-field.s, W.C. 

1S7L {Fraser, Sir Thomas R., M.D., F.R.S., F.R.S.E., Professor of 
Materia Medica and Clinical Medicine in tho University of 
Edinburgh. 13 Drumsheugli-gardens, Edinburgh. 

1881. *Fremantle, 3’he Hon. Sir C. W., K.C.B. (Pres. F, 1892 ; Council, 
1897-1903.) 4 Flower Sloane-strcct, S.W. 

1900. §French, Fleet-Surgeon A. M. I^ngley, Beau fort-road, Kingaton- 
on-lliames. 
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KN'ft ,n'i. 

^Fj’onch, Mrs. M«irri(‘< A, Suilc K, OliiU''s-]>U>rU, t’liut*. 

AVinrupi'.r. (.’.iji.uia. 

]9()5. ‘];Frciich, Sir S{>inrrst*t 11., K.C.MA^. Jni) S'lctujM S.W, 

188(). JFuESiiviKLD, DnroTAS \V., K, 1 Airlio- 

gardiMis, Cainpdon Ifill, W. * 

1001. JFiew, William, LMi.l). Kinir .laiiifs-jilai’c*, P.ftli. 

1S87. *Frms, Harold II., Pli.l). 0i> K.*a<K*.M nvt, Nm' Vt)rk, r.S..\. 

J0()(». §l<\itscli. Dr. Vj. 77 < or! h-iUMd. r*r» »Oi'lt sl>nr \ , \. W. 

1802. ^Frost, l^dmiin.l, M.D. ( 'hi^stt'rficlil-roail, I^'asl bonmc. 

18S2. ^Frost, Fdward I*., J.F. Wi'sl Wrattia <4 I !.»’•. ( \iml>ridg(‘shii('. 

18S7. *Fr(>st, IIoIkm I, D Si\ .7.7 Kt'nKi:i<;liai courl , \V. 

1808. JFuv, I'la*, Might Hon. Sir Fi>\v\m», (I. (MV. D.(Mi, LL.D., F.M.S,, 
F.S.A, I'ail.iod l‘’.iiland, lu'ar nri.-tol. 

1005. iFry, \\. \\0. \'»i>\ 

1875. *I^7‘y, Jos(*pI\ Storrs. l«»l’})p<'r IV'luiiMVi'-ro.i'], ( Mit't on. Ihistol. 
loos. JFrv, M. W. .1., 11. A. *10 'i’i-i?:ivv ( 

100.7. William, .1 . r., F.l? (VS. Willoji !lons»\ Alnrioa road, Diihliii. 

ISOS. ;j Frv(M% .Ml’rod Fli.I). l'> I'.dor) ('lil’lon, lirislol. 

1S72. Mov. a. 7 S\ d»* ihani-]»iil, Syd' almm, S. K. 

1800. ll'Ya.i j:i:, (V, .M.Irisl .< M-V (Mu'.il lS7h) " ) !.c\liam •j.anlon.^, 
Ivrnsiogto!!, \V. 

P.UO. ^vVidow. II. I'\. Fii.D.. l-'ihS. n.d I,.d>i.-.' in , ( ,nn hiidia*. 

'•'( Viiinford, W. I >. SkrndiiOiv I l.ill, Sjul Vov. 

1000. ^^(Vijjar, IVof.'Ssor 'T. K., .M.A. 'li.MMic.d l.ihor.ifory, rmar 

(Jirgaiun 'rram 'rorininus, Iloriih.iN-. 

1885. *( lallaw ay, AIt‘.\aiul<’r. Dirgarvo, .Xonh*! ly. \M>, 

1S7'. !;( i MJ.ow \ Y', \V. Carlin'. 

ISS7. *(hillo\\ay, W. 5. 'I’iio Cotlag-*, S-.-ymniw OM FralTord, 

MaTU‘lu‘s(rr. 

100.7. ( la,l fiiii, I'lria'-^l F. IJafik of Xfi i-.i, hhi.- fi, ( ( V,|,)ny. 
ISOO. ■^( J M/n »N', Sir I<"k M.A., 1 ).( M. M ) ^7^, )•' ICS, I'MVC.S. 

Silo. lS*i0-r».S: 10, IS*-:.’. is^J; . II, ls.s.7; (‘fiuncil, 

lsr»o h.‘>.) -tii *1011 ia n*l-';.i I Km'ji:’ '.i i!*!''**, S.\\ . 

ISSS. *( - ' .^na r., .1. Syki.s, <M (‘V, I*M.S. IligUlifld, Ka.'^t 

• l.i.-^'. Hants. 

1 800. ^*( Jardo’, I'V DiUon 1 l<ai':t>, ii.'-.ar M.iidrnhf.id. • 

ISOS. ;.(Jai<h‘, lh*v. C. I.,. SL:aifril)j Vi* ai’aLr*\ la a.r Mf>nMi(;(il li. 

P.)()5. ! ( Jardiin'r, .). li. .70 W'l •ajLrhi t )0 road, I’.alham, S.W'. 
loot), i < ; \ i; 1 >1 \ I a:. .1. S!\MK^. .M F. K ,s , Pinic <t ol /ooIol‘^\ ami 
< 'oiui ’ ■ i’.il 1 \ (• Ai‘^i'i"m\ m Ma I i<n t’l ( 'and)ri<l*ic 

<h>n\i!ic* and Cain.-: CollcL:r, ( '.mihridgo. 

1887. ..(lAtioiNKK, W. M/ll. a. M D.S'«*., F.I^S. Sf. .Aufhfy.*^, IlilJ>- 
road, (aunbridgi'. 

1882. *(}ardiK*r, 11. Dent, k’.K.C.S. F;drmea*l, 0) J’bt; CofTs, Fast- 

• lioiirno. 

1005. .fCarlick, .lohn. 'riioriii hrao, (hven I7)irit, Cajx* 'roun. 

1005. JCarlick, M. (7 'rhornihra**, fJreiai I’oint, t'apo'rou-n 
1887. *(far’’e1t, .rni nmiali. ’Flu* (li’angc, Hroinliy ( ‘ro.-s, n»-ar Moll cm, 
Mnnca.Niiire. 

1SS2. lUVarnett, William. !>.('. L. Mondmi (’ounty (’onnia'l, Vidoria llm- 
hankment, W.C. 

18S:i tflMisoN-, .1. C., AI.D. (\‘--i-r Ci;*:. Sk- l!)<rJiH\ M<M,rr-olc, 
I’Aaa'.'^loy, Wim*hfi<‘1d. ' 

1000. ICarstang, A. 11. 2t) M-je-lane, Stml ijn«a i . 

1000. *Carstan", '1'. .Jaiiio.:, .7J.A. M<*r|.»l« ^ Si imol, Ik-O r■^•li<ild. J!..imo- 

bhire. 
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1894. ♦Gabstano, WALiacB, M.A., D.So., F.Z.S., Professor of Zoology 
in the University of Leeds. 

1874. ♦Garstin, John Ribton, M.A., LL.H., M.R.I.A., F.S.A. Biagans- 
town, CostlebelMngham, Ireland. 

1905. ^JGarthwaite, jS. H. B. S. A. Co., Bulawayo, South Africa. 

1889. JGabwood, Professor E. J., M.A., F.G.S. University College, 
Gower-street, W.C. 

1905. JGaskell, Miss C. J. The Uplands, Great Shelf ord, Cambridge. 

1905. JGaskoll, Miss M. A. The Uplands, Great Shelford, Cambridge. 
1896. *Gaskell, Walter Holbrook, M.A., M.D., LL.D., F.R.S. (Pres. I, 

1896 ; Council, 189S-1901.) The Uplands, Great Shelford, 
Cambridge. 

1906. §Gastor, l.<eon. 32 Victoria-street, S.W. 

1905. JGaughren, Right Rev. Dr. M. Dutoitspan-road, Kimberley. 

1905 *Gearon, Miss Susan. 55 Buckleigh-road, Slreatham Common, 
S.W. 

1867. tGETKiE, Sir Archibald, K.C.B., LL.D., D.Sc., Prcs.R.S., F.R.S.E., 
F.G.S. (President, 1S92 ; Pres. C, 1867, 1871, 1899: Council, 
1888-1891.) Shepherd’s Down, IFaslcmere, Surrey. 

1871. {Geikib, JajSes, LL.D., D.C.L., F.R.S., F.R.S. E., F.G.S. (Pres. C, 
188^ ; Pres. E, 1892), Murchison Professor of Geology and 
Mineralogy in the University of Edinburgh. Kilmorie, Colin- 
ton-road, Edinburgh. 

1898. JGemmill, James F., M.A., M.D. 21 Endsleigh -gardens, Partick- 

hill, Glasgow. 

1882. *GENFiSE, R. W., M.A., Professor of Mathematics in University 

College, Aberystwyth. 

1905. {Gentleman, Miss A. A. 9 Aberoroinby-place, Stirling. 

1902. *Gepp, Antony, M.A., F.L.S. British Museum (Natural History), 
Crom well-road, S.W. 

1899. *Gepp, Mrs. A, 7 Cuml)erland-road, Kcw'. 

1884. ♦Gerrans, Henry T., M.A. 20 St. Jolin-stroet, Oxford. 

1909. §Gibbons, W. St., M.A. (I.iOoal Sec. 1910.) The University, Shef- 
field. 

1905. §Gibbs, Miss Lilian S., F.L.S. 22 South-street, Thurloe-sqiiare, 
S.W. ' ^ 

1002. {Gibson, Acdrcw. 14 Clifton villc-avenue, Belfast. 

1901. §Gibson, Professor George A., M.A. 10 'riie University, Glasgow. 
1876. *Gibson, George Alexander, M.D., D.Sc., LL.D., F.R.S. E. 3 Dnmis- 

heugh-gardens, Edinburgh. 

1904. *Gibson, Mrs. Margaret D., LL.D. ..Castle Brae, Chesterton-lane, 
Cambridge. 

1896. {Gibson, R. J. Harvey, M.A., F.R.S.E., Professor of Botany in the 
University of Liverpool. 

1889. *Glbson, G. Lesbury House, Lesbury, R.S.O., Northumberland. 
1893. {Gibson, Walcot, F.G.S. 28 Jermyn-street, S.W. 

1898. *GifTord, J. William. Oaklands, (jhard. 

1883. §Gilbert, I^ady. Park View, Englefiold Green, Surrey. 

1884. *Gilbert, Philip H. 63 Tupper -street, Montreal, Canada. 

1895. {Gilchrlst, J. D. F., M.A., Ph.D., B.Sc., F.L.S. Marine Biologist’s 

Office, Dopartinoiit of Agriculture, Cape Town. 

1896. *GiLcnRisT, Percy C., F.R.S., M.Tii.st.C.E. Reform Club, Pall 

Mall, S.W. 

1878. {Giles, Oliver. Brynteg, The Creadbnt, Bromsgrove. 

1871. *GrLL, Sir David, K.C.B., LL.D., D.Sc., F.R.S., Hon.F.R.S.E, 
(President, 1907.) 34 De Vere-gardens, Kensington, W. 

1902. {Gill, James F. 72 Strand -road, Bootle, Liverpool, 
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1908. JGill, T. P. Departm<'nt of Agriciiliuro and Tochiiioal Iiislnudion 
for Ireland, Dublin. 

1892. ♦Gilmour, Matthew A. B., F.Z.S. ScdTron^'all House, Windmill- 

road, Hamilton, N.B. « 

1907. IGilmour, S. C. 25 Cumberland-road, Acton, 

1908. tGilmour, T. L. 1 Rt. John’s AA^ood J\ark, N.W. 

1893. *Gimingham, Edward. Croyland. Glapton C^>imnon, N'. 

1904. JGinn, S. R., D.L. (Local Sec. 1901.) Brookfield, Tnimpington- 
road, Cambridge. 

1884. f Gird wood, G. P., M.D. 28 Beaver Hall-teivacc, Montreal, (Canada. 
1886. ♦Gisborne, Hartley, JM.Can.S.C. E. Yoxall, La(lysniith, AT’ancouver 
Island, Canada. 

1883. ♦Gladstone, Miss. 19 Cliejjstow- villas, Bayswalcr, W. 

1871. *GLAisnKii, J. \V. L., M.A., D.Se., E.K..S., "KR.A.S. (Pres. A, 1S90 ; 
Council, 1878-8G.) 9Vinity (College, C^anibridge. 

1880. ♦Glantawe, Right ITou. Lord. The (b’aiigo, Swansea. 

1881. *GLAZEniiooK, K. T., C.K, M.A., D.So., F.R.S. (Pros. A, 1893; 

Council 1890-94, 1905 ), Director of the National Physical 

Laboratory. Bn.shy House, Toddington, ’Middlesex. 

1881. *Gleadow, Frederic. 38 Ladbrok(^-grovo, \V. 

Glover, Thomas. 124 INIanchestcr-road, Southpoi f.. 

1878. ♦Godlee, J. Lister. Wakes Colne I'laee, Essex. 

1880. {Godman, F. Du Cane, D.C.I.#., F.R.S., F.I..S., P.G.S. 10 Chandos- 

street, Cavendish -square, AV. 

1879. JGodwin-Austen, Lieut. -Colonel TI. IT., F.R.S., F.R.C.S., F.Z.S. 

(Pres. E, 1883.) Nore, Goilabning. 

1878., JGoff, James. (Local Sec. 1S7S.) 29 Lower rjee.son-sfrccl, 

Dublin. 

1908. *Gonr), Rknest, ALA. 3 Devani-teriiicc, Caml»riflge. 

1900. tGoLOTE, Right Hon. Sir Georoe D. T., K.C.M.th, D.C.L., F.R.S. 

(Pres. E, 1906 ; ( kmncil, 1906-07.) 44 Riitland-gate, S.AA\ 

1910. §Golding, John, F.T.C-. ATidland Agri<ailliiral atul Dairy College, 
K ingston, tuvi r j )erby. 

1898. JGoldney, F. Bennett, F\S.A. Goodnestone. Park, Dover. 

1899. :j.GoMME, Sir G. L., F.S.A. 24 Dor.set-sqn?ne, N.AV". 

1890. *Gonner, E. C. K., AT. A. (IVes. F, 1897), Professor of political 
• Economy in tlie University of lavorpool. , 

1909. jetoodair, Thomas. 30.‘» T\ennedy-.sl ri'ot, \\'innij>eg. Canada. 

1907. JjGoodrh'h, E. S., M.A., F. 1\.S., F. L.S. Merton (A*llcge, Oxford. 

1884. *OoofIridge, Ri' liard E. W. Coleraiu<‘, Minnesofa, TT.S.A. 

18S4. JGoodwin, Professor AAL ft. Queen’s University, King.ston, Ontario, 
Canada. 

1905 JGoold-Adams, Alajor Sir IT. J., O.C.Al.G., C.B. Government 
Honse, Bloemfontein, South Africa. • 

1909. §G( 4 rdoii, Rev. Charles W. 567 Broad way, W innipeg, t^anarJa. 
1909. JGordon, J. T. 147 Hargravr^-st ret*!, Winnipeg, Canada. 

1909. JGordon, Mrs. J. T. 147 Ifargravc-strecd, \Viimi[)eg, Canada. 

1871. ♦Gordon, Joseph Gordon, F.C.S. Queen Anne s-man.sions, Wl'st- 

niinster, S.WL 

1893. tOordon, Mrs. M. M. Ogilvie, D.Sc. 1 Rubislaw-tcrrace, Aberdeen 

1910. *Gordon, ATvian. Avonsule Engine Works, Kisliponds, Bristol. 

1901. JGoust, Right Hon. Sir John E., M.A., M.P., P. R.vS. (Pres. L, 

1901.) 21 Vietoria-sicpiare, S.AV. • 

1875. *Gotcii, Francis, M.A., D.Se,, F.R.S. (Pres. T, 1906; Council, 
1901-07), Professor of Physiology in the Univor.'-ity of Oxford. 
The Lawn, Banbury-road, Oxford. 

1881. JGough, Rev. Thomas, B.Sc. ^ng Ed^vard’s School, Retford. 

o 2 
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1901. tOouELAY, Robert. Glasgow. 

1901. tGow, l^onard. Hayston, Kelvinsido, Glasgow. 

1876. JGow, Robert. Cairndowan, Dowanhill-gardens, Glasgow. 

188.3. IGow, Mrs. *Cairnd^wan, Dowanhill-gardens, Glasgow. 

1873. *JGoyder, Dr.|D. Marley House, 88 Great Horton-road, Bradford, 
Yorkshire. , ^ 

1908. gGrabham, G. W., M.A.. F.G.S. I’.O. Box 178, Khartoum, 

Sudan. 

18.80. iGrabliam, Jlichat;! 0., 111.1). Matieira. 

1909. jOracc, J. H., M.A.. F.R.S. rctcrhousc, Cambridge. 

1909. jGraham, Horhert W. 329 Kennedy-strccl, ^Vinni^)e^, Canada. 

1902. ♦Graham, William, M.D. District l^unatic Asylum, Belfast. 

1875. JGkahame, Jamks. (JAOcal Sec. 1870.) Caro of Messrs. Grahame, 
Crums, & ConnaJ, 34 West George -street, Glasgow. 

1904. §Gramont, Comte Arnaiid de, D.Sc. 179 rue de rUniversite, 

Paris. 

1890. JGrant, Sir James, K.C.M.G. Ottawa, Canada. 

1908. *Graiit, \\'. L. 10 Park-tcrraec, Oxford. 

1905. JGraumann* Harry. P.O. Box 2115, Johannesburg. 

1890. JGhay, Andrew, M.A., LL.D., F.R.S., F.R.S.E., Professor of 
Niltural PJiilosophy in the University of Glasgow. 

1905. JOray, C. ,1. P.O. Box 208, Pietermaritzbure:, South Africa. 

18(H. *Gray, Rev. (.!anon Charles. We^t Retford Rectory, Retford. 

1881. JGray, Kdwin, JjL.B. Miiistcr-yard, York. 

1903. §Gray, Ernest, M.A. 99 Groavenor-road, S.W. 

1904. iCiiiAY, Reir. H. B., D.D. (Pres. L, 1909.) 4'hc College, Bradfield, 

Berkshire. 

1892. *Gray, James Hunter, M.A., B.Sc. 3 Crown Offiec-row, Temple, 
E.C. 

1004. J(7rfi//, J, Marfarlane. 4 Lndbrohe-crescent, \V. ^ 

1892. §Gray, John, B.Sc. 9 Park-hill, Clapham Park, S.W. 

1887. .■[Gray, Josc])h W., F.G.S. St. Elmo, I-eekhampt on -road, Cheltenham. 

1887. :j;Gray, M. H., F.G.S. Ijcssness Park, ^ Abbey Wood, Kent. 

1880. *Gray, Robert Kaye. T.essncsa Park, Abbey Wood, Kent. 

1901. JGray, R. W. irniversity College, W.C. 

1873. t.Gray, William, M.R.I.A. Glenbutn Park, Belfast. * 

♦Gray, Colonel Wtlijam. Farley Hall, near Reading. 

1860. §Greavcs, Charles Augustus, M.B., LE.B. 84 Friar-gate, Derby. 

1893. *Grcavos, INIrs. Elizabeth. Station -street, Nottingham. 

1910. §(J reaves, B. 11., B.Sc. 12 St. John'.s-ereseent, Cardiff. 

1905. IGreen, A. F. Sea Point, Cape Colony. 

1904. *Groen, Professor A. G., .M.Sc. The Old (Jardens, C'ardigan-road, 
Headiiigle\S l.A?eds. 

1904. jjGrcen, F. W. 5 Wordsworth-grove, Cambridge. 

1906. §Greon, J. A., M.A., Professor of Ediieation in the University of 

Sheffield. 

1888. §Green, j. Reynolds, M.A., D.Sc., F.R.S., F.L.S. (Pres, K, 1902.) 

Downing College, Cambridge. 

1903. JGreon, W. J. 70 Aloxandra-road, N.W. 

1908. JGrciuu Rev. William vSpotswood, C. B., F.R.G.S. 5 Cowper-villas, 

( Unv I >er-r ( >ad , Dublin. 

1009. :j:( b een field. Jose]>]i. j\0. Box 2935. Winnipeg, Canada. 

*1882. JGREENim.L, Sir A. G., M.A., F,R.S. I Staple Inn, W.G. 

1905. JGrecnhill, Henry H. P.O. Box 172, Bloemfontein, South Africa. 
1905. ;i.Greenhill, William. (»a George -street. Edinburgh. 

1898. ♦Greenly, Edward, F.G.S. Achnashean, near Bangor. North 
Wales. 
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1876. § Greenwood, Dr. Frederick. Brampton, Chesterfield. 

1906. {Greenwood, Hamar. National lliberal Club, Whitchall-place, 

S.W. • 

1894. *Gregory, J. Walter, D.Sc., F.R.S., F.G.S. (Pros. C, 1907J, Pro- 
fessor of Geology in the University of Gilisgow. 

1896. *GREaoBY, Professor R. A., F.R.A.S. Dell Quay House, near 

Chichester. 

1904. *Grogory, R. P., M.A. 156 Chestcrton-road. Cambridge. 

1881. {Gregson, William, F.G.S. 106 Victoria-road, Darlington. 

1836. Griffin, S. F. Albion Tin Works, York-road, N. 

1894. *0riffith, C. L. T., Assoc.M.Inst.C.E. Munio'pal Offices, Madras. 
1008. §Griffith, «John P. Rathmincs Castle, Ratlu lines, Dublin. 

1884. {Griffiths, E. H., M.A., D.Sc., F.R.S. (Pres. A, 1906), Principal 
of University College, Cardiff. 

1884. {Griffiths, Mrs. University College, Cardiff. 

1847. {Griffiths, Thomas. The Elm.s, Harborne-road, Kdgbaston, Bir- 
mingham. 

1903. {Griffiths, Hiomas, J.P. 101 Manchester-road, So ithport. 

188H. *Grimshaw, James Walter, M.Inst.C.E. St. Sb*phen’s Club, West* 
minster, S.W. 

1H94. {Groom, Professor P., M.A., F.L.S. Hollywood, Kghani. Surrey. 
1894. {Groom, T. T., M.A., D.Sc., F.G.S., Professor of (Mjology in the 
University of Birmingham. 

1909. ■‘'^Grossmun, Edward L., M.D. Sloilacooin, Washington, U.S.A. 
1S9<). {Grossmann, Dr. Karl. 70 Rodney-street, Liverpool. 

1904. {Grosvenor, G. H. Now College, Oxford. 

1809: {Grubb, Sir Howard, F.R.S., F.R.A.S. Rockdale, Orwcll-road, 
Rathgar, Dublin. 

1897. {Griinbavm, A. S., M.A., M.D. School of Medicine, i^rceds. 

1910. §Grundy, James. 8 Ch*osveiior-gardens, Crieklcwood, X.W^ 

1887. {Guillemard, F. H. H., M.A., M.D. The Mill House, Trumpington, 
Cambridge. 

1906. *Guim, Donald. Ro^al Societies Chib, St. James’s-street, S.W. 
1909. {Gunne, J. R., M.D. Kenora, Ontario, Canada. 

1909. {Gunhc, W. J., ]M.D. Kenora, Ontario, (Janada, 

1866. {Gl’nther, Albert C. 7 .#. G., M.A., M.D., Ph.U, F.R.S.^ F.L.S., 
F.Z.S. (Pres. D, 1880.) 22 Lichfield- road, Kew, Surrey. 

1894. {Gunther, R. T. Magdalen College, Oxford. 

1880. §Guppy, John J. Ivy-place, High-street, Swansea. 

1904. §Gurney, Eustace. Hjir^wston Hall, Norwich. 

1902. *Gurney, Robert. Ingham Old Hall, Stalliani, Norfolk. 

1904. {Guttmann, Professor Leo F., Ph.D. (^ue^i’s University, Kingston, 

Canada. 

1906. {Hacker, Rev. W. J. Edondalc, Pietermaritzburg, South Africa. 
1908. *Hackctt, Felix E. Royal College of Science, Dublin. 

1881 . *ilADDO]v, Alfred Cort, M.A., D.Sc., F.R.S., F.Z.S. (Pres. If, 1902, 

1906 ; Council, 1902-08, 1910- .) Inisfail, Hills-road, 

♦ Cambridge. 

1905. 1 Haddon, Miss. Inisfail, Hills-road, Cambridge. 

1888. *Hadfield, Sir R. A.. F.R.S., M.Inst.C.E. Parkhcad Plousc, Sheffield. 

1905. {Hahn, Professor P. D., M.A., Ph.D. York House, Gardens, Cape 

Town. * • 

1906. {Hake, George W. Oxford, Ohio, U.S.A. 

1894. {Haldane, Joh.v Scott, ALA., M.D., F.R.S. (Pres. I, 1908), Reader 
in Physiology in the University of Oxford. Cher well, 

Oxford 



BRITISH ASSOCIATION. 


38 

^ Yenr of 

Klcfition. 

1909. §Hale, W. H., PI 1 .D. 40 FiisUplace, Brooklyn, New York, U.S.A* 
1899. JHall, a. D., M.A., D'.R.S. (Council, 1908- ), Du^tor of the 
Rotliamsted E^ipcrimental Station, Harpenden, Herts. 

1909. ArohibWd A., M.Sc., Pli.D. Armstrong College, Newcastle- 

on-Tyn#. 

1903. JHall, E. Marshall, K.C. 75 Cambridgo-terrace, vV. 

1879. *Hall, Ebenezer. Abbeydale Park, near Sheffield. 

1883. *Hall, Miss Emily. 63 Belmoiit-street, Southport. 

1854. *Hall, Hugh Pergib, F.G.S. Cissbury Court, West Worthing, 
Sussex. 

1899. JlJall, John, M.D. National Bank of Scotland, 37 Nicholas-lano, 
E C 

1884. §Hm 11, Thomas Proctoi’, M.D. 1301 Davie -street, Vancouver, B.C., 

Canada. 

1908. *ITall, Wilfred, Assoc. M.Inst.C.E. 9 Prior’s-terraec^, Tynemouth, 
Northumberland. 

1891. *JIallott, C(u>rgo. Cranford, Victoria-stpiaro, Ponarth. 

1873. *nALLBTT, T. G. P., M.A. Claverton Lodge, Bath. 

1888. §lf ALL! BURTON, W. D., M.D., LL.l)., F.U.S. (Pres. 1, 1902 ; Council, 
1897-1903), Professor of Physiology in King’s College, T-ondon 
Church (Cottage, 17 Marylebone-road, N.W. 

1905. t Halliburton, Mrs. Church Cottage, 17 Marylehoiie-road, N.W. 

1904. ♦Hallidie, A. II. S. Avondale, Chcsterlicld-road, Eastbourne. 

1908. Jllallitt, !Mrs. Steeple Grange, Wirksworth. 

1908. * Hamel, Egbert Alexander de. IMiddleton Hall, Tamwortli. 

1883. * Hamel, Egbert D. de. Middleton Hall, 4’arawortli. 

1904. * Hamel de Manin, Anna Countess do. 35 Circus-road, N.W. • 

1906. JHamill, John Molyneux, M.A., M.B. 14 South-parade, Chiswick. 
1906. ^Hamilton, Charles I. 88 Twjdord- avenue, Acton, e 

1909. jHamilton, F. C. Bank of llamillon-cliambers, IVinnipeg, Canada. 
1902. :: Hamilton, Rev. T., D. D. Queen’s College, Belfast. 

1909. J Hamilton, T. Glen, M.D. 264 Renton-a venue, Winnipeg, Canada. 

1905. tllammcrsley-llecnan, R. H., M.Inst.C.*E. Harbour Board Offices, 

Capo Town. 

1905. t Hammond, Miss iildith. High Dojip, Woldingham, SuVrey. 

1881. *fc!AMMONiiii, Robert, M.Iust.C.E. 64 Victoria-street, West ns ins ter, 
S.W. 

1809. *Hanbury, Daniel. liOruiua da Ca, Alassio, Italy. 

1878. JHaiiee, E. M. ( arc of J. Hope ?^mith, Hsq., 3 Leman-street, E.(.\ 
H)09. §IIancoek, (1 B. Manitoba Goverfimcnt Telephones, Winnipeg, 
Canada. 

1905. *Haneock, Strangi^ian. Kennel Holt, Cran brook, Kent. 

1890. Xllankin, KrueM Ilanhurif. St. JohrCs College, Cambridge. 

1906. §Kanson, David. Salterloe, Halifax, Yorkshire. 

1904. § Hanson, E. K. 2 The Parade, High-street, Watford ; and Wood - 
thorpo, Rovston Park-road, Hatch End, Middlesex. 

1850. *Harcourt, A. G. Vernon, M.A., D.C.L., LL.D., D.Sc., F.R.S., 
V.P.C.S. (Gen. Sec. 1883-97; Pres. B, 1875 ; Council, 
188 1 -S3.) St. Clare, Ryde, Isle of Wight. 

1909. §lTareourl, (Jeorge. Deparlmeiit of Agriculture, l^^dmonton, Alta., 
Canada. 

1886. ♦Hardcastle, Colonel Basil W., F.S.S. 12 Gainsborough-gardens, 
^ Hampstead, N.W. * 

1002. *H iintcASTLE, Miss F iiAXCE'\ 25 Boyndary-road, N.W. 

1903. *Hardcastle, J. Alfred. The Dial House, Crowthome, Berkshire. 
1892. *11abden, Arthur, Ph.D., D.Sc., F.R.S. Lister Institute of 
Preventive Medicine, Chelsea-gardens, Gr6svenor-road, S.W. 
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1905. ^Hardie, Miss Mabel, M.B. High-lane, via Stockport. 

1877. JHarding, Stephen. Bower Ashton, Clifton, Bristol. 

1894. jllardraan, S. C. 120 Lord-street, Southport. 

1909. §Hardy, W. B., M.A., RK.S. Oonvillc and ‘Cains College, Cam- 
bridge. • 

1881. JHargrove, William Wallace. St. Mary’s, Boothain, York. 

1890. *Hark£b, Alfred, M.A., F.R.S., F.G.S. St. John’s College, Cam- 
bridge. 

1896. {Harker, John Allen, D.Se., F.ll.S. National Physical Laboratory, 
Bushy House, Toddington. ^ 

1876. *Harland, Rev. Albert Augustus, M.A., F.G.S., F.L.S., F.S.A. The 

Vicarage, Harefield, Midillesex. 

1905. JHarland, H. C. P.O. Box 1024, Johannesburg. 

1877. *HarIand, Henry Seaton. 8 Arundel-terr/ice, Brighton, 

1883. *Harley, INliss Clara. Rosslyn, We^itbourno-road, Forest-hill, S.E. 
1868. *Haumeb, F. W., F.G.S. Oakland House, Cringleford, Norwich. 
1881. *I1armer, vSiDNEY F., M.A., Sc.D., F.R.S. (Pre.s. I), 1908.) 

Keeper of I he Departnioub of Zoology, British Museum 
(Natural llitory), Groin well-road, S.W. • 

1906. f Harper, ,1. B. 16 vSt. Gooi go’s- place, York. 

1842. *Harris, G. \V. Millicent, South Australia. 

1909. tlLirris, J. \Y. Civ us (^IVieos, Winnope j:,. 

1903. i Harris, Robert, M.B. Qucoiis-rvav I, Southport. 

1904. ^Harrison, J‘>ank L., B.A. The Gramm «r School, Soham, Cam- 

bridgeshire. 

1904. J Harrison, IT. Sponccr. ITie Horniman Museum, Forost-hill, S.E. 
1892. IHarrlson, John. (Local Sec. 1892.) Rockville, Napior-road, 

Edinburgh. 

1870. t Harris ON, Rkoinald, P.R.C.S. (Local Sec. 1870.) 6 Lower 

Berkeley- street, Portman-square, W. 

1892. JHarrison, Rev. S. N. Ramsey, lalo of Man. 

1901. *Harrison, W. E. 17 Solio-road, ITandsworth, Staffordshire. 

1885. {Hart, Colonel C. J. * ( Local Sec. 1886.) llighfield Gate, Edgbaston, 

Birmingliam. 

1909. {Halt, John A. 120 Emily-street, Winnipeg, Canada. 

1876.^* Hart, Thomas. Brooklands, Blackburn. 

1903. *Hart, Tliomas Clifford. Brooklands, Blackburn. 

1907. §Hart, W. E. Kilderry, near Ix>ndonderry. 

1893. *HARTr.AND, E. Sidney, F.S.A. (Pros. H, 1900 ; Council, 1906- . 

Highgarth, Gloucester. 

1905. {Hartland, Miss. Highgarth, Gloucester. 

1871. *Hartley, Walter Noel, D.Sc., F.R.S.^F.R.S.E., F.C.S. (Pres. B, 

1903), Professor of Cherai.stry in the Royal College of Science, 
Dublin. 10 Elgin-road, Dublin. 

1886. *ftARTOa, Profes.sor M. M., D.Sc. University College, Cork. 

1887. {Hartoo, P. J., B.So. University of London, South Kensington, 

S.W. 

1905. {Hai \ ey-Hogan, J. P.O. Box 1277, Johannesburg. 

1885. §Harvie-Brown, J. A. Dunipace, Larbcrt, N.B. 

1862. *Har\vood, John. Woodsido Mills, Bolton-lo-Moor.s. 

1893.. §Haslam, Lewis. 44 Evelyn -gardens, S.W. 

1903. *Hastie, Miss J. A. Care of Messrs. Street & Co., 30 Cornhill, E.C. 
1903. {Hastie, William. 20 Efswick-row, Newgastle-on-Xyne. 

19B1. {Hastings, G. 15 Oak-lane, Bradford, Yorkshire. 

1875. *HASTiNas, G. W. (P»es. F, 1880.) Chajiel House, Chipping 
Norton. 

1903. {Hostings, W. G. W. 2 Halsey-streot, Cadogan-gardens, S.W. 
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1889. +Hatch, F. II., rii.D., F.O.S. »SniitliMoiv, Trunipinglon-ioacl, 
Oaniluidgc*. 

1903. JHatliaway, Herbert 45 High-street, Bridgnorth, Salop. 

1904. Ifllaiighton, \^. T. H. The Highlands, Croat Bar ford, St. Neots. 

1908. §Havelock, T.%f. Jloekliffe, CJostorth, i\f\veaslle-on-Tyne. 

1904. IHavillond, Hugh de. Eton College, Windsor. 

1887. ^Hawkins, William. Earlston House, Broughton Park, ManchevSter. 
1872. *Ha\vkshaw, Henry Paul. 58 Jerm 3 m-street, St. James’s, S.W. 
1864. ♦Hawkshaw, John Clabei:, M.A., M.Inst.C.E., P.G.S. (Council, 
1881-87.) 22 Down-street, W., and 33 Great George-street, 
S.W. 

1897. §Ha WESLEY, Charles, M.Inst.C.E., F.C.S. (Pre.s. G, 1903; Council, 
1902-09.) Caxton House (West Block), Westminster, S.W. 

1887. *Haworth, Jesse. AVoodside, Bowdon, Cheshire. 

1861. *Hay, Admiral the Right Ifon. Sir John C. D., Bart., G.C.B., 
D.C.L., F.R.S. 108 St. George’s -square, S.W. 

1885. *ITayoraet, John Berry, M.D., B.Sc., F.R.S.E., Professor of 
Physiology in University College, Cjirdiff. 

1900. §Hayden, II. Hf., B.A., F.G.S. Geological Survey, Calcutta, India. 
1903. *JIaydoclc Arthur. 155 Ix‘iijniiigton-road, Blackburn. 

1903. J If aywanl, Jost ph William, M.Sc. Keldon, St. Marycluirch, 
Toiqiiay. 

1896. *naywood. Colonel A- G. Rearsby, Merrilooks-road, Blundollsands. 
1879. *Hazelhurst, George S. ’Iho Grange, Rockferry. 

1909. JHeaman, J. A., B.Sc. Suite 20, JMoxam-eouri, Winui])cg, Canada. 
1883. jlleape, Joseph R. Glebe House, Rochdale. 

1882. *Heapo, Walter, M.A., F.R.S. Greyfriars. Southwold, Suffolk. ' 
1909. JHeard, Mrs. Sophie, M.lk, Ch.B. Care of Major R. Heard, Lower 

Mall, Lahore, India. • 

1908. §ireath, J. St. George, B.A. AVoodbrooko Settlement, Solly Oak, 

near Birmi n gh am. 

1902. Jlloath, J. W. Royal Institution, A\bemar\o-street, W. 

1909. JHeathcote, F. C. C. Broadway, W'innq^cg, Canada. 

1902. tlleathorn, Cajitain^T. B., R.A. 10 Wilton-plaee, Kui^htsbridge, 

1883. JI]k?aton, Clfarlcs. IMarlborough House, Hesketh Park, Soutl«port. 
1892. *Heaton, Wjlliam H., M.A. (Local Sec. 1803), Professor of Physics 

in University College, Nottingham. 

1889. *Heaviside, Arthur We.st, I.S.O. 12 Tring-avenuo, Ealing, W. 

1888. *Hcawood, Edward, M.A. Briarfield, Church -hill, Morstham, Surrey. 
1888. *Heawood, Percy J., Lecturer in Mathematics in Durham Univer- 
sity. 41 OldiElvet, Durham. 

1887. ♦Hedges, Killing worth, M.Inst.C.E. 10 Cranley-place, South 
* Kensington, S.W. 

1881. ♦Hele-Shaw, II. S., LL.1).. F.R.S., M.Inst.C.E. 64 Victoria- 
street, S.W. 

1901. ♦Heller, W. M., B.Sc. 40 Upper Sackville-street, Dublin. 

1905. tHellman, Hugo. Rand Club, Johannesburg. 

1887. gHombry, Frederick William, F.R.M.S. Langford, Sidcup, Kent. 
1899. ^Hemsalech, G. A., D.Sc. The Owens College, Manchester. 

1905. ♦Henderson, Andrew. 17 Bolhaven-terrace, Glasgow. 

1905. ♦Henderson, Miss Catharine. 17 Belhaven-terrace, Glasgow. 

1891. ♦Henderson, G. G., D.Sc., M.A., I’.I.C., Professor of Chemistry 
in the Glasgow and West of Scotland Technical College, 
Glasgow. • 

1905. §Hend .r8on, Mrs. Technical College, Glasgow. 

1907. §Henderson, H. P. Felday, Morland-a venue, Loicester. 
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1906. J Henderson, J. B., D.So., Professor of Applied Mechanics in the 
Royal Naval College, (Greenwich, S.E. 

1009. JHendcr.son, Veylien E. Aledical Building, The^Uiiiv(u*sily, Toronto 
Canada. 

1909. .'flfcnderson, W. G. Iconise Bridge, Winiiipci^ Canada. 

1880. *Hcnderson, Vice-Admiral W. IL, R.N. 12 Vicarage-gardens, 
Campden Hill, W. 

1904. ♦Hendrick, James. Marischal College, Aberdeen. 

1910. §Hcney, T. W. Sydney, New South Wales. 

1910. *Henrici, Captain E. O., R.E., A.lnst.C.E. Ordnance Survey Office, 
Southampton. 

1873. ♦Henrici, Glaus M. JF. E., Ph.D., F.R.S. (Pres. A, 1883 ; Council, 

1883-89), Professor of Mechanics and Mathematics in the City 
and Guilds of London Institute, Central Institution, Exhibi- 
tion-road, S.W. 34 Clarendon-road, Netting Hill, W. 

1910. §H(mry, HuImm'I, M.D. 304 (dossop-road. Sheffield. 

1906. JHenry, Ur. T. A. Imperial Institute, S.W. 

1909. *Henshall, Robert. Sunnysidc, Latchford, Warrington. 

1892. {Hepburn, David, M.D., F.R.S.E., Professor of Xnatomy in Univer- 
sity College, Cardiff. 

1904. {Hepworth, Commander M. W. C., C.B., R.N.R. Meteorological 

Office, Victoria-street, S.W. 

1892. ^Herbertson, A. J., M.A., Ph.D. (Pres. K, 1910), Prolessor of Geo- 
grapliy in the Univtjrsitvof Oxfortl. 4.3 Banbiiry-road, Oxford. 
1909. {Hcrhiiison, William. 376 Elliee-avcMUKN ^\3nnipcg, Canada. 

1902. JHordman, O. W., B.Sc., Assoc.M.fnst.C.E. Irrigation and Water 

Supply Department, Pretoria. 

1887. *Herdman, William A., D.Sc., F.R.S., F.R.S. E., F.L.S. (General 
Seuietaky, 1903- ; Pres. D, 189.3 ; Couneal, 1894-1900 ; 

Local Sec. 189G), Professor of Natural History in the University 
of fjivcrpool. Croxtoth Lodge, Sefton Park, Javerpool. 
’'‘Herdman, Mra. CrQxteih 1-iodge, S< 2 !fton Park, Tjivorpool. 

1909. {Herdt, Professor L. A. McGiW UiuversUy, Mo\\Vre‘.v\, Cawada. 
1875. {Hereford, The liight Rev. John Per«ival, D.D., LL.D., Lord 
* Bishop of. (Prcs.*I.i, 1904.) The Palace, Hereford. 

1908. i^Herring, Dr. Percjy T. The University, Si. AndTcws, N. I?. 

1874. §IIersciiel, Colonel John, R.E., F.R.S., F.R.A.S. Observatory 

House, Slough, Bucks. 

1900. ♦Herschol, Rev. J. C. W. Fircroft, W ellington C'olleg<*. Si at ion. 
Berkshire. 

1905. {Hervey, Miss Mary F. S. 22 Morpoth-mansion.s, S.W^. 

1903. *Hesketh, Charles H. Fleetwood, M.A.* Sleeken Hall, Stndlon, 

Oakham. 

1895. §Hpsketh, James. 5 Scariabrick Avenue, Southport. 

1905. {Hewat, M. L., M.D. Mowbray, near Cape Town, So\ith Africa. 
1894. {Hewetson, G. H. (I^ocal Sec. 1890.) 39 Henley-road, Ip.swich. 

1894. {Hewins, W^ A. S., M.A., F.S.S. 15 Chartfiold-a venue. Putney 
ilill, S.W. 

1908. {Hewitt, Dr. C. Gordon. Central Experimental Farm, Ottawa. 

1896. §Hewitt, David Basil, M.D. Oakleigh, Northwich, Clieshire. 

1903. {Hewitt,' E. G. W. 87 Prineess-road, Moss Side, Manchester. 

1909. §Hewitt, F. W.. M.V.O., V.D. 14 Queen Anne-street, W. 

1903. {Hewitt, John Theodore, M. A.. D.Sc., Ph.D., F. R.S. CJiliord House, 
Staincs-rofid, Bedfont, Middlesex. 

1909. §Hewitt, VV., B.Sc. 16 Clarencc-road, Birkenhead. 

1882. *Hbycock, Charles T., M.A., F.R.S. 3 St. Peter’s -terrace, Cam- 
bridge. 
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1883. JHeyes, Rev. John Frederick, M.A., F.R.G.S. St. Barnabas 
Vicarage, Bolton. 

1866. *HeyTnann, ^bert. West Bridgford, Nottinghamshire. 

1901. •Keys, Z. John. Stonehouse, Barrhead, N.B. 

1886. tHEYwooD, Henry, J.P. Witla Court, near Cardiff. 

1898. JHicks, Henry B. 44 Pembroke-road, Clifton, Bristol. 

1877. §Hioks, W. M., M.A., D.Sc., F.R.S. (Vice-Pros. 1910 ; Pres. A, 
1895), Professor of Physics in the University of Sheffield. 
Leamhurst, Ivy Park-road, Sheffield. 

1886. JHioks, Mrs. W. M. liCamliurst, Ivy Park-road, Sheffield. 

1887. *Hickson, Sydney J., M.A., D.Sc., F.R.S. (Pres. D, 1903), Pro- 

fessor of Zoology in Victoria University, Manchester. 

1864. *iriBRN, W. P., M.A., F.R.S. The Castle, Ban staple. 

1891. tHifjas, Henry, UR, LL,B., F.S.S. (Pres. 1899; (Council, 
1901-06.) II.M. Treasury, Wliiteliall, S.W. 

1909. JHigman, Ormond. Electjical Standards Laboralory, Ottawa. 

J907. JIIiLEY, E. V. (Local See. 1907.) 'fown Hall, Birmingham. 

1885. *IIiLD, Ar.EX^iNDER, M.A., M.D. Downing College, Cambridge. 

1903. *irrrx, Arthur VV, M.A., F.L..S. Royal Gardens, Kcw. 

1906. §Hill, Chai’los A., M.A., M.B. 13 Rodiiey-siroet, Jdverpool. 

1881. *IJiLL, Rev. Edwin, 1M.A. The Rectory, Cockffcld, Bury St. 
Edmunds. 

1908. *Jlill, flames P., ]').Sc., Professor of Zoology in University C’ollege, 
Gower-street, W.(l 

1886. M. J. M., M. A., D.Se., F.R.S., Professor of Pure Mathematics 
in University College, W.C. 

1898. *11111, Thomas Sidney. 143 Alcxaiidi-a-road, St, John’s Wood, N.W. 

1907. ♦Hilt.s, Major E. H., C.M.G., R.E., F.R.G.S. (Pros. E, 1908.) 

32 Princo’s-gardens, S.W. • 

1903. *Hilton, Harold. 73 Platt’s-lano, Hampstead, N.W. 

1903. ♦Hind, Wdeelton, M.D., F.G.S. Roxeth House, Stoke-on-Trent. 
1870. JHindb, G. j., Ph.D., F.R.S., F.G.S. ^ Ivythorn, Avondalo-road, 
South Croydon, Surrey. 

1910. §Hindlc, Dr. Edward. Quick Laboratory, Cambridge. 

1883. *HindIe, James Henry. 8 Cobhamtstreet, Accrington.* 

1898. §flinds, II Airy. 57 Queon-street, Ramsgate. 

1900. §Hinks, Arthur R., M.A. The Observatory, Cambridge. 

1903. *Hinmers, Edward. Glentwood, South Downs-drive, Hale, 

Cheshire. 

1899. JHobday, Henry. Hazelwood, OaWble Hill, Dover. 

1887. ♦Hobson, Bernard, M.Sc., F.G.S. Thornton, Hallam Gate-road, 
Sheffield. ♦ 

1883. tUobson, Mrs. Carey. 6 Beaumont-crescent, West Kensington, W. 

1904. §H[orson, Ernest William, Sc.D., F.R.S. (Pres. A, l910),.Sadlerian 

Professor of Pure Mathcuiiatics in the University of Cambridge. 
The Gables, Mount Pleasant, Cambridge. 

1907. JHobson, Mrs. Mary. 6 Hopcfield-avonuo, Belfast. 

1877. {Hbdgc, Rev. John Mackoy, M.A. 38 Tavistock-place, Plymouth. 

1887. *Hodgkinson, Alexander, M.B., B.Sc., Lecturer on Lar 3 mgology 
in the Victoria University, Manchester. 18 St. John-strect, 
Manchester. 

1880. JHodgkinson, W. R. Eaton, Ph.IJ., F.R.S.E., F.G.S., Professor of 
Chemistry and Physics in the Royal Artillery College, Wool- 
wich. 18 Glonluce-road, Blackheath, S.E. 

1905. jHodgson, Ven. Archdeacon R. The Rectory, Wolverhampton. 
1909. |Hodgson, R. T., M.A. Collegiate Institute, Brandon, Manitoba, 

Canada. 



LIST OF MFMUmtS : 19]0. 


43 


Year of 
K lection. 

1898. {Hodgson, T. V, Municipal Museum and Art Gallery, Plymouth. 
1904. ' § Hudson, F. Bcdale’s School, Petersfield, Hampshire. 

1904. {HoQARTn, D. G., M.A. (Pres. H, 1907*; Council, 1907-10.) 20 St. 

Giles’s, Oxford. 

1894. XHogg, A. F., ALA. 13 Victoria-road , Darlington. 

1908. {Hogg, Bight Hon. Jonathan. Stratford, Rath gar, Co. Dublin. 

1907. {Holden, Colonel H. C. K, R.A., F.R.S. Gifford House, Black- 
heath, S.E. 

1883. {Holden, John J. 73 Albert-road, Southport. 

1887. ♦Holder, Henry William, M.A. Beechmount, Arnsidc. 

1900. {HoLDicir, Colonel Sir TnoaiAS H., R.E., K.C.B., K.C.I.E., F.R.O S. 

(Pres. E, 1902.) 41 Courtfield-road, S.W. 

1887. *Holdsworth, O. J. Fernhill, Alderley Edge, Chesliiro. 

1904. §Holland, Cliarles E. 9 Downing-placc, C*am bridge. 

1903. §Holland, J. L., B.A. 3 Primrose-hill, Northain])ton. 

1896. {Holland, Mrs. Lowfields House, Ifooton, Chosliire. 

1898. {Holland, Sir Thomas H., K.C.I.E., F.R.S., F.G.S., ProlVssor of 
Geology in Ihe Victoria Universily, Manchester. 

1889. {Hollander, Bernard, ?J.D. 35a Welbeck-strc(*t, W. 

1906. *Hollingworth, Miss. l.ieithon, Newnhani-road, I^^dford. 

1905. {Hollway, H. G. Scliunke. Plaisir de Meric, P.O. Siinondiuin, vid 

Paarl, Soutli Africa. 

1883. ♦Holmes, Mrs. Ba^^il. 23 Corfton-road, Ealing, Middlesex, W. 

1866. ♦Holmes, Charles. 37 Marirnrol -street, W. 

1882. *Holmms, Thomas Vinoknt, E.G.S. 28 Croom’s-hill, Greenwich, S.E. 

1903. *Holt, Juu. Crofton, Aigburth, lAverpool. 

1875. ♦Hood, John. Cliestertoii, Cirencester. 

1904. §IIooke, Rev. 1). Burford, D.l). Boiieluirch r./odge, Barnet. 

1847. {HooKKfi, Sir Joseph Dalton, G.C.S.T., C.B., M.D., D.O.L., LL.D., 
F.R.S., F.L.S., F.G.S., F.R.G.S. (President, 1868 ; Pres. E, 
1881 ; Council, 1866-67.) The Camp, Snnningdale, Berkshire. 
1892. {Hooker, Reoinali^ H., M.A. 3 ClemonCs Inn, W.C. 

1908. *11 ooper, Frank Henry. Clare College, (,^anibridgo. 

1865. *Hooper, John P. Deepdone, St reathanv Common, S.W. 

1877. *Hojper, Rev. Samuel^ F., M.A. I^ydlinch Rectory, Sturminstcr 
^ Newton, Dorset. * 

1904. {Hopewell-Smith, A., M.R.C.S. 37 Park-street, Grosvenor-square, 

S.W. 

1905. ♦Hopkins, Charles Ha<]Ic3y. Junior Constitutional Club, 101 Picca- 

dilly, W. 

1901. ♦Hopkinson, Bertram, M. A., F.R.S.. F. R.8. 10., Professor of Mechanism 

and Applied Mechanics in the University of Cambridge. 
Adams-road, Cambridge. , 

1884. ♦^OPKINSON, Charles. (Local See. 1887.) The Limes, Didsbury, 

near Manchester. 

1882. *Hopkinson, Edward, M.A., D.Sc. Ferns, Alderley Edge, Cheshire. 
1871. ♦Hopkinson, John, Assoc. rnst.C.E., F.L.S., F.G.S., F.R.Mot.Soe, 
84 New Bond-.strcct, W. ; and Weetwood, Watford. 

1905. {Hopkinson, Mrs. John. ITolmwood, Wimbledon Common, S.W. 
1898. *Hornby, R., M.A. Haileybury College, Hertford. 

1910. •§ Horne, Arthur S. 48 Highhurv, Xewe:istIe-on-Tync. 

1885. {Horne, John, LL.D., ^.R.S.,‘F.R.S.E., F.G.S. (Pros. C, 190J.) 

Geological Survey Office, Sheriff Com’t- buildings, Edinburgh. 
1903. {Home, William, F.G.S. Leybum, Yorkshire. 

1902. {Homer, John. CholseaS^ Antrim-road, Belfast. 

1905. ♦Horsburgh, E. M., M.A., B.Sc., Lecturer in Technical Mathematics 
in the University of Edinburgh. 
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1887. {Horsfall, T. C. Svvanscoo Park, near Macclesfield. 

1893. *Horsley, Sir Vicjtok A. 11., LL.D., B.Se., F.R.S., P.R.C.S. 

(Council, 1893-a8.) 25 Cavendish -square, W. 

1908. JHorton, F. Si. John’s College, (’am bridge. 

1884. *Hotblack, G.t5. Brundall, Norwick 

1899. {Hotblack, J. T„ F.G.S. 45 Newmarket-road, Norwich. 

1906. *Hough, Miss Ethel M. Codsall Wood, near Wolverhampton. 

1859. {Hough, Joseph, M.A., F.R.A.S. Codsall Wood, Wolverhampton. 
1896. *Hough, S. S., M.A., F.R.S., F.R.A.S., His Majesty’s Astronomer at 

the Cape of Good Hope. Royal Observatory, Cape Town. 
1905. §Houghting, A. G. L. Glenelg, Musgrave-road, Durban, Natal. 

1905. {Houseman, C. L. P.O. Box 149, Johannesburg. 

1908. {Houston, David, F.L.S. Royal College of Science, Dublin. 

1883. ♦Hoveiiden, BVederick, F.L.S., F.G.S. Glenlea, Thurlow Park-road, 
West Dulwich, S.E. 

1904. *Howard, Mrs. G. L. C. Agricultural Research Institute, Pusa, 

Bengal, India. 

1887. *Howard, S. S. 54 Albcmarle-road, Beckenham, Kent. 

1901. gllowarth, E.* F.R.A.S. Public Museum, Weston Park, Sheffield. 
1903. *Howarth^ James H., F.G.S. Somerley, Rawson-av^enue, Halifax 
1907. {HowARTir, O. J. R., M.A. (Assistant Si'](’JiETARy.) 24 Laiis- 
downc-crescent, W. 

1905. {Ho wick. Dr. W. P.O. Box 503, Johannesburg. 

1901. {Howie, Robert Y. 3 Greenlaw- avenue. Paisley. 

1863. {Howorth, Sir H. H., K.C.I.E., D.C.L., F.R.S., F.S.A. 30 Colling- 

ham-place, Cromwell -road, S.W. 

1887. §Hoyle, William E., M.A., D.Sc. (Pres. D, 1907.) Naltonal 
Museum of Wales, City llall, Caidifl. 

1903. {Hiibner, Julius. Ash Villa, Chcadle Hulme, Cheshire. 

1898. {Hudson, Mrs. Sunny Bank, Egerton, Huddersfield. 

1867. *Hudson, William II. H., M.A. 34 Birdhurst-road, Ooydon. 

1871. *Hughcs, George Ihringle, J.P., F.R.G.S. Middleton Hall, Wooler, 

Northumberland. 

1868. §Huohes, T. M‘K.„M.A., F.R.S., F.G.S. (Council, 1879-86), Wood- 

wardian Professor of Geology i^ the University of Cambridge. 
Raveiisworth, Brooklands-avenuo, Cambridge. ^ 

1867. {Hull, Edward, M.A., LL.D., F.R.S., F.G.S. (Pres. C, 1874.) 
14 Stanley-gardens, Netting Hill, W. 

1903. {Hulton, Campbell G. Palace Hotel, Southport. 

1905. §Hume, D. G. W. P.O. Box 1132, Jiohannesburg. 

1904. *nuraphreys, Alexander C., Sc.D., J^L.D., President of the Stevens 

Institute of Technology, Hoboken, New Jersey, U.S.A. 

1907. §Humphrics, Albert E. Coxe’s Jx)ck Mills, Wey bridge. 

1877. ♦Hunt, Arthur Roope, M.A., F.G.S. South wood, Torquay. 

1891. *Hunt, Cecil Arthur, South wood, Torquay. 

1881. {Hunter, F. W. 16 Old El vet, Durham. 

1889. {Hunter, Mrs. F. W. 16 Old Elvet, Durham. 

1909. {Hunter, W. J. H. 31 Lynedoch-street, Glasgow. 

1901. ♦Hunter, William. Evirallan, Stirling. 

1903. {Hurst, Charles C., F.L.S. Burbage, Hinckley. 

1861. ♦Hui-st, William John. Drumancss, Ballynahinch, Co. Down, 
, Ireland. 

1^94. ♦Hutchinson, A., M.A., Ph.D. "(Local Sec. 1904.) Pembroke 
College, Cambridge. 

1903. §Hutchinson, Rev. H. N. 17 St. '^John’s Wood Park, Finchley- 
road, N.W. 

1864. ♦Hutton, Darnton. 14 Chimberland-terrace, Regent’s Park, N.W. 
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1887. *l[iitton, iT. Artliur. The Woodlands, Alderley Kdge, Cheshire. 
J008. :{; Hutton, Lucius O. Wyckham, Dundrum, Co. Dublin. 

1901.' *Hutton, R. S., D.Sc. West -street, SliofTield. 

1871. *IIyett, Francis A. Painswick House,* Pains^^ck, Stroud, Glouces- 
tershire. ** 

1900. *Hyndman, H. H. Francis. 5 War wick -road,* Earl’s Court, S.W. 


1908. fldle, George. 43 Dawson -street, Dublin. 

1883. {Idris, T. H. W. 110 Pratt-street, Camden Town, N.W. 

Ihne, William, Ph.D. Heidelberg. 

1884. ’"lies, George. 5 Brunswiek-street, Montreal, Canada. 

1906. {Tliffe, J. W. Oak Tower, Upperthorpe, Sheffield. 

1885. Jim Thurn, Sir Everard F., C.B., K.C.M.G. 1 East India-avenue, 

Tjeadonhall -street, E.C. 

1888. *Ince, Surgeon-^lajor John, M,D. Montague House, 8 wanley, Kent. 

1907. § Ingham, Charles B. Moira House, Eastbourne. 

1905. {Ingham, W. Engineer’s Office, Sand River, Uitenhage. 

1893. {Ingle, Herbert. Department of Agriculture, Pretoria. 

1901. {Inglis, John, LL,D. 4 Prince’s-terrace, Dowanhill, Glasgow. 
1905. §Inncs, R. T. A., F.R.A.S. Meteorological Observatory, Johannes- 
burg. 

1901. *roni(lo.s, Stephen A. Georgetown, Colorado. 

1882. glRViNO, Rev. A., B.x\., JXSc. Hockerill Vicarage, Bishop’s Stort- 
ford, Herts. 

1908. {Irwin, Aldermjin «lohn. 33 Rutland-square, Dublin. 


1870. *Jack, Wtltjam, LL. I)., Professor of Mathematics in the University 
o? Glasgow. 10 The University, Glasgow. 

1909. §Jjicks, Professor L. P. 28 Ifolywcll, Oxfonl. 

1883. ♦Jackson, Professor A. II., B.Sc. 349 Collins -street, Melbourne, 
Australia. , 

1903. {Jackson, C. 8. Uv>ytvl Military Aciulcmy, Woolwich, 8.E. 

1883. ♦Jackson, F. .1. 3.^ licyland-road, Sou tk port. 

1883. {Jackson, Mrs. F. .1. ‘15 Leyland-road, Southport. ^ 

1874> *Jackson, Frederick Arthur. Belmont, Somcnos, Vancouver Island, 
B.C., Canada. 

1899. {Jackson, GeolTrey A. 31 Harrington-gar(len.s, Kensington, S.W. 

1897. §Jackson, James, F.R.Met.Soc. Seabank, Girvan, N.B. 

1900. * Jackson, James Thomas, M.A. Engineering School, Trinity 

College, Dublin. 

1898. ♦Jackson, Sir John. 51 Victoria-street, IS. W. 

1905. {Jacobsohn, T^wis B. IJoyd’s-buildings, 58 Burg-street, C,apeTown. 
1905. {Jacobsohn, Sydney Samuel. Lloyd’s- buildings, 58 Burg-streef, 
Cape Town. 

1887. §Jacobson, Nathaniel, J.P. Olive Mount, Cheetham Hill-road, 
Manchester. 

1905. *Jaftc, Arthur, B.A. Strandtown, Belfast. 

1874. ♦Jaffo, John. Villa Jaif6, 38 Promenade des Anglais, Nice, 
France. 

1905. - {Jagger, J. W. St. George’s-street, Cape Town. 

1906. {Jalland, W. H. Museym -street, York. 

1891. ♦James, Charles Henry, J.P. 64 Park-place, Cardiff. 

1891. *Jamcs, Charles Russell. 13 Haiiij»stcad HiJI-gardens, N.W. 

1904. {James, Thomas Campbell. University College, Aberystwyth. 

1905. {Jameson, Adam. Office of the Commissioner of Lands, Pretoria. 
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1896 ♦Jameson, H. Lyster, M.A., Ph.D. Transvaal Technical Institute, 
Johannesburg. 

1881. :J:Jamieson, Professor Andrew, M.Inst.C.E., F.R.S.E. 16 Rosslyn- 
terrace, JKelvin^do, Glasgow. 

1859. ^Jamieson, Thomas F., LL.D., F.G.S. Ellon, Aberdeenshire. 

1889. ♦Japp, F. R., M.A., Ph.D., LL.D., F.R.S. (Pres. B, 1898), Professor 
of Chemistry in the University of Aberdeen. 

1910. *Japp, Henry, IVT.Tiisl.C.E. Oiro of Messrs. S. Pearson & Son, 
507 Fifth Avenue, Now York, U.S.A. 

1896. *Jarmay, Gustav. Hartford Tx)dge, Hartford, Cheshire. 

190.3. {Jarratt, J. Ernest (Local Sec. 1903). 10 Cambridge-road, 

Southport. 

1904. *Jeans, J. If., M.A., F.R.S. Woodlands, Chaucor-road, Caml>ridge. 

1897. {Jeffrey, E. C., B.A. The University, Toronto, f'Janada. 

1908. ♦Jenkin, Arthur Pearse, F.R. -Met. Soc. Trowirgic Redruth. 

1909. * Jenkins, Miss Emily Vaughan. J^yccum Club, 128 Piccadilly, VV. 

1903. {.Tenkinson, J. W. The Museum, Oxford. 

1904. {Jenkinson, \V. W. 6 Moorgato-street, E.C. 

1893. § Jennings, G. Glen Helen, Narborough-road, Leicester. 

1905. {Jennings, Sydney. P.O. Box 149, Johannesburg. 

1905. {Jerome, Charles. P.O. Box 8.3, Johannesburg. 

1887. {Jervis-Smith, Rov. F. J., M.A., F.R.S. Trinity College, Oxford. 

Jessop, William. Overton Hall, Ashover, Chcsterheld. 

1900. ’•‘Jevons, li. Stanley, M.A., B.Sc. Woodhill, Rhiwbcina, near 
Cardiff. - 

1907. ♦Jevous, Miss H. W. 19 Chesterford- gardens, Hampstead, N.W. 
1905. §Jeyes, Miss Gertrude, B.A. Bcrrymead, 6 laeh field-road, Kew 
Gardens. 

1905. {Jobson, »T. B. P.O. Box 3341, Johannesburg. 

1909. *Johns, Ck)smo, F.tf.S., M.l.M.E. Burngrovc, ‘Pitsmoor-road, 
Sheffield. 

1884. {Johnson, Alexander, M.A., LL.D. 5 Prince of W'alcs-terrace, 
Montreal, Canada. 

1909. §Johnson, C. Kcisall, F.R.G.S. The Glen, Sidmouth, Devon, 

1866. *Johnson, G. J. 36 Watcrloo-strcet, Birmingham. 

1890. *JonNSON, Thomas, D.Se., F.L.S., PrDfesjsorof Botany in the Royal 
College of Science, Dublin. * 

1902. ♦Johnson, Rev. W., B.A., B.Sc. Archbishop Holgatc’s Grammar 
School, York. 

1898. *Johnson, W. Claude, M.Inst.C.E. Broadstone, Coleman’s Hatch, 

Sussex. ^ 

1899. {Johnston, Colonel Sir Ditnoan A., K.C.M.G., C.B., R.E., Hon. 

Sec. R.G.S. (Pres. E, 1990.) Branksomc, Saffrons -road, 
Eastbourne. 

1883. %Jonx.rros, Sir H. //., K.C.K, F,B.(IS. 27 Cheslcr- 

terrace, JiegenCs Park, AT. IK. 

1909. gJohnston, J. Weir, M.A. 10 l^wer Fitzv^nlliam-strcot, Dublin. 

1908. {Johnston, Swift l^aine. 1 TIuine-strcet, Dublin. 

1884. * Johnston, W. H. County Offices, Preston, Lancashire. 

188,5. {Johnston-Lavis, H. J., M.D., F.G.S. Beaulieu, Alpcs-Maritimes, 
France. 

1909. § Jolly, W. A., M. B. Physiological Laboratory, The University, 

Edinburgh. 

1S88. {JoLY, John, M.A., D.Sc., F.R.S., F.G.S. (Pres, i), 1908), Professor 
of Geology and Mineralogy in the University of Dublin. 
Geological Department, Trinity College, Dublin. 

1887. {Jones, D. E., B.Sc. Inglewood, Four Oaks, Sutton Coldfield. 
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1904. § Jones, Miss E. E. Constance. Girton College, Cambridge. 

1890. JJoNES, Rev. Edward, F.G.S. Primrose Cottage, Embsay, 

Skipton. 

1896. { Jones, E. Taylor, D.Sc. University College, Bangor. 

1903. §Jones, Evan. Ty-Mawr, Abordare. ^ 

1907. *Jones, Mrs. Evan. 12 Hyde Park-gate, S.W. 

1887. Jones, Francis, F.R.S.E., F.C.S. Beaufort House, Alexandra 
Park, Manchester. 

1891. *JoNES, Rev. G. Hartwell, D.T). Nutfield Rectory, Redhill, Surrey. 

1883. *Jones, George Oliver, M.A. Inchyra House, 21 Cam bridge-road, 

Waterloo, Liverpool. 

1903. * Jones, 11. O., M.A. Clare College, Cambridge. 

1905. } Jones, Miss Parnell. The Rectory, Llanddcwi Skirrid, Aberga- 

venny, I\Ton moil til shire. 

1901. J Jones, R. E., J.P. Oakley Grange, Shrewsbury. 

1902. {Jones, R. M., M.A. Royal Academical Institution, Belfast. 

1908. {Jones, R. Pugh, .M.A. County School, Holyliead, Anglesey. 

1860. {Jones, Thomas Rupert, F.R.S., F.G.S. (Pres. C, 180'.) Pen- 

bryn, Chesham Bois-lane, Chesham, Bucks. 

1875. *Josc, J. K. Ethorsall, Tarbock-road, Iluyton, Laiiea.shire. 

1872. {Joy, Algernon. Junior United Service Club, St. .Jtimes’s, S.W. 

IS83. ::Joyce, Rev. A. G., B.A. Si. John’s Croft, AVincbestcr. 

1886. ::Joyce, Hon. Mrs. St. John’s Croft, Winchester. 

1905. {Judd, Miss Hilda M., B.Sc. Bi‘rrymcad, 6 Lichfield-road, Kcw. 
1870. {JiiDD, John Wesley, C.B., LL.D., F.R.S., F.G.S. (Pres. C, 1885 ; 

Council, 1886-02.) Orford Lodge, 30 Cumberland-road 
Kew. 

1003.* ^Julian, Henry Forres. RedUolmc, Braddon’s Hill-road, Torquay. 
1894. §.fulian, Mrs. Forties. Rcdholine, Braddon’s Hill-road, Torquay. 
1905. §Juritz, diaries F., M.A., D.Se., F.T.tJ. Government Analytical 
Laboratory, Parliament-street, Cape Town. 


1888. {Kapp, Gisbert, M.Tnst.C.E., M.Inst.E.E. Pen-y-Coed, Pritchatts- 
^•oad, Birmingham. • 

1904. {Kayser, Professor H. The University, Bonn, G^many. • 

1802. ;5^<^EANE, Charles A., Ph.D. Sir John Cass Technical Institute, 
Jcwry-strcct, Aldgatc, E.C. 

1008. §Keeblc, Frederick, Sc.T). University (\)ll(‘gc, R(';iding. 

1878. *Kelland, IV. 11. 27 Cantcrbury-ioad, Brixtoii, S.W. 

1884. {Kellogg, J. H., M.D. Uattle Creek, Michigan, U.S.A. 

1008. §Kc.lly, IMaIacli3\ Aid Brugli, Dalkey. Co^ Dublin. 

1008. {Kelly, Captain Vincent tfoseph. Monlrosc, Donnybrook, Co. 

Dublin. • 

1902. *KQlly, William J., J.P. 25 Oxford-street. Belfast. 

1885. §Keltie, j. Scott, LL.D., Sec. R.G.S., F.S.S. (Pres. E, 1807 ; 

Council, 1898-1004.) 1 Savilc-row, W. 

1877. *Kelvin, Lady. Netberball, Largs, Ayrshire ; and 15 Eaton-place, 
S.W. 

1887. {Kemp, Harry. .55 Wilbraham-road, (’horlton-cum-Hardy, Man- 
clic.<?fer. 

1898. *Kemp, John T., M.A. 4 Cotham-grove, Bristol. 

1884. {Kemper, Andrew C., A.M.^M.D. 101 Broadway, Cincinnati, U.S.A’. 
1891. {Kendall, Percy F., M.Sc., F.G.S., Professor of Geology in the 
University of I..ced3. 

1875. {Kennedy, Sir Alexander B. W., LL.D., F.R.S., M.Inst.C.E. 

(Pres. G, 1894.) 1 Queen Anne-street, Cavendish -square, W. 
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lOOG. JKcnnedy, Alfred ilosopli, IMl.G.S. (Virc of Williams Deacon’s 
Bank, Lid., 2 Cockspur-stroct, iSAV. 

1897. §Kennedy, George, M.A., LL.1)., K.G. (Jrown Lands Department, 
Toronto, Canaoki. 

1906. ^Kennedy, R8l)ert Sinclair. Glengall Ironworks, Mill wall, E. 

1908. JKcnnedy, Wiliam. 40 Trinity College, Dublin. 

1905. *Kennerloy, W. R. P.O. Box 158, Pretoria. 

1893. §Kent, a. F. Stanley, M.A., F.L.S., F.G.S., Professor of Physiology 
in the University of Bristol. 

1901. JKont, G. 16 Premier-road, Nottingham. 

1857. *Ker, Andre Allen Murray. Newbliss House, Newbliss, Ireland. 

1909. JKerr, Hugh L. 68 Admiral-road, Toronto, Canada. 

1892. JKerr, .1." Graham, M.A., F.R.S., Regius Professor of Zoology 
in the University of Glasgow. 

1889. JKerry, W. H. R. The Sycamores, Windermere. 

1910. §Kershaw, .1. B. C. ^V'e.st Lanoashire Laboratory, Waterloo, Jjiver- 

J)OOl. 

1869. *Kesselmeyer, Charles Augustus. Roseville, Vale-road, Bowdon, 
Cheshire. 


1869. *Kessclmcy(ir, William Johannes. Edelweiss Villa, Albcrt-road, 

Hale, Cheshire. 

1903. JKowloy, James. Balek Papan, Kollei, Dutch Borneo. 

1883. *Koynes, J. N., M.A., D.So., F.S.S. 6 Harvey-road, (’ambridge. 

1905. JKidd, Professor A. Stanley. Rhodt'S University College, Grahams- 

town. Cape Colony. 

1902. JKidd, George. Greenhaven, Malone Park, Belfast. 

1906. JKidnor, Henry, F.G.S. 25 Upixu- Rock-gardens, Brighton. 

1886. §KtDSTON, Roukrt. LL.D., F.R.S., F.R.S.E., F.G.S. 12 Clarendon- 
place, Stirling. 

H)0L ./. N. 4 Tl}uffi('H(len-tf’rrac.f, Kelrinmle, (Wisgoiv. 

1885. *KilgouT, Alexander. lAurston House, Cove, near Aberdeen. 

1896. *Killoy, Goorgo Doane, .I.T. Bentuther, U Viotoria-road, Waterloo, 
Liverpool. 

1890. JKimmins, C. W., M.A., D.Sc. Dame Armstrong House, Harrow. 
1875. *Kingii, Edward F.I.C., Professor of Chemistry in the Royal 
Agricultural College, Cirence^or. 

1888. *fCing, E. Powell. Wainsford, Lymington, Hants. 

1875. *King, F. Ambrose. Avonside, Clifton, Bristol. 

1871. *King, Rev. Herbert Poole. The Rectory, Stourton, Bath. 

1883. *King, John Godwin. Stonelands, East Grinstead. 

1883. *King, Joseph, M.P. Sandhouse, V^itloy, Godaiming. 

1908. §King, Professor I.. A. L., M.A, St. Mungo’s College Medical 

School, Glaigow. 

1860. *King, Mervyn Kerstoman. Merchants’ Hall, Bristol. 

1875. *King, Percy L. 2 Worcester- avenue, Clifton, Bristol. 

1870. JKing, William, M.Inst.C.E. 5 Beach-lawn, Waterloo, Liverpool. 

1909. JKingdon, A. 197 Yale-avenue, Winnipeg, Canada. 

1903. §King8ford, H. S., M.A. 60 Clapton-common, N.E. 

1900. JKipping, Professor F. Stanley, D.Sc., Ph.D., F.R.S. (Pres. B, 
1908.) University College, Nottingham. 

1899. *Kirby, Miss C. F. 8 Windsor-court, Moscow-road, W. 

1907. §Kirby, William Forsell, F.L.S. Hilden, 46 Sutton Court-road 

Chiswick, W. 

In!!*?* P*G. Box 7, Pietermaritzburg, Natal. 

IJOL §Kitto, Edward. The Observatory, Falmouth. 

inn?* Captain J. M., F.G.S. Bushwood, Wanstead, Essex. 

1905. §Kmghtley, Lady, of Fawsley. Fawslcy Park, Daventry. 
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1888. JKnott, Professor Cakcull G., D.Sc., F.R.S.P. 42 Upper Cray- 
strect, Edinburgh. 

1887. *^nott. TTerbrrt, J. P. Sunnyb«ank, Wihnslow, Cheshire. 

1887. *Knott, John F. XanI - 3 ^-Coed, Coiiwaw* Xorth ,\Val(‘s. 

1906. *Knowles, Arthur J., 13. A., M.Inst.C.E. Turf Club, Cairo, Egypt. 

1874. {Knowles, William James. Flixton-placo, llallymcna, Co. Antrim. 

1903. {Knowlson, J. F. 26 Part-street, Southport. 

1002. {Knox, R. Kylb, LL.D. 1 College-gardens, Belfast. 

1875. *Knubley, Rev. E. P., M.A. Steeple Ashton Vicarage, Trowbridge. 
1883. fKnubley, Mrs, Steeple Ashton Vicarage, IVowbridgo. 

1905. {Koenig, J. P.O. Box 272, Cape To^m. 

1890, *Krauss, John Samuel, B.A. Stonycroft, Knutsford-road, Wilms- 
low, Cheshire. 

1888 ♦Kunz, G. F., M. A., Ph.D. Care of Messrs. Tiffany '& Co., 1 1 Union- 
square. Now York City, U.S.A. 


1905. {Lacey, William. Champ d’Or Gold Mining Co., Luipaardsvlei, 
Transvaal. , 

1903. *Lafontainc, Rev. If. C. de. 49 Albert-court, Kcjisiiigton Gore, S.W. 
1909. {Laird, lion. David. Indian Commission, Ottawa, Canada. 

1904. {Lake, Philip. St. John’s College, Cambridge. 

1904. {Lamb, C. G. Ely Villa, Glisson-road, Cambridge. 

1889. *Lamb, Edmund, M.A. Borden Wood, Liphook, Hants. 

1887. {Lamb, IIonACE, M.A., Lli.lX, D.Sc., F.R.S. (Pres. A, 1904), Pro- 
fessor of Pure Mathematics in tJio Victoria. University, Man- 
chester. 6 Wilbrahara-road, Fallowiicld, Manchester. 

1000. %Lamb, J. II. 389 Graham-avf-nifp^ ]Viniiipp(j. (Wnadd. 

1903. {Lambert, .loseph. 9 Westmoreland-road, Southport. 

1893. *LAMPLTTO'ti, G. W., F.R.S., F.G.S. (Pres. C, 1906.) 13 Beaconsficld- 
road, St. Albans. 

1905. {Ijane, Rev. C. A. P.O. Box 326, .Tobanneslnirg. 

1898. *Lang, William 11. 3 Hoaton-road, Withington, Manchester. 

1905. § Lange, John H. Judges’ Cham hers, Kimberley. 

1886. *LANaLEy, J. N., M.A., D.Sc., F.R.S. (Pnjs. T, 1800 ; Council, 

f904-07), Professortof PhysitJogy in the University of Cam- 
bridge. Trinity College, Cambridge. ** 

1865. {Lankester, Sir E. Ray, K.C.B., M.A., LTaD., D.Sc., F.R.S. 

(President, 1006 ; Pres. D, 1883 ; Council, 1880-90, 1894-95, 
1900-02.) 29 Thurloe-place, S.W. 

1880. *Lansdell, Rev. Hen ay, D.D., F.R.A.S., F.R.G.S. Morden 

College, Blackheath, I-ondon, S.E. 

1884. {Lanza, Professor G. Massachusetts Institute of Technology, 

Boston, U.S.A. , 

1885. {Lajpworth, Charles, LL.D., F.R.S., F.G.S. (Pros. C, 1892), 

Professor of Geology and Physiography in the University 
of Birmingham. 48 Frcderick-road, Edgbaston, Birmingham. 
1909. §Larard, C. E., A.M.Insl..C.E. 106 Cranlej^-gardens, Muswcll 
Hill, N. 

1887. {Larmor, Alexander. Craglands, Helen’s Bay, Co. Down. 

1881. {Larmor, Sir Joseph, M. A., D.Sc., Sec.R.S. (Pres. A, 1900), Lucasian 

Professor of Mathematics in the University of (Cambridge. 
St. John’s College, Cg-mbridge. ^ 

1883. {Lascclles, B. P., M.A. Headland, Mount Park, Harrow. 

1896. ♦Last, William I. Science Museum, London, S.W. 

1870. ♦Latham, Baldwin, M.lAst.C.E., F.G.S. Parliament-mansions, 
Westminster, S.W. 


1910. 


D 



50 


niuTisri AssociA’i'iox 


School of Medicine, Sur- 


Vf'iir of 

im. JLauder, Alexander, lecturer in A^riculUiral 

Edinburgh and East of Scotland (.ollcgc of AgiioHltuic., 

Edinburgh. • r a 

1892. 4LAtJEiB!, MAxiOLM, B.A., D.Sc., I'.L.S. 

geons’ Kail, Edinburgh. 

1883. tLauric, lieut.-Gcneral. 47 Porclicster-loiTacc, VV. • 

1907. ♦Laurie, Robert Douglas. Deiiartmont of Zoology, The University , 

Liverpool. 

1870. *Law, Channell. Ilsham Dene, 'I'orquay. 

1906. JLawrence, Miss M. Roedcan School, near Brighton. 

1908 Sr^wson, H. S., B.A. Ifarbcn, (>)m[>ton.ioacl, Wolverhamiiton. 

1908. tI,awson, William. LL.U. 27 Upper Fitz.william-strcct, Dublin. 
1888. JLayard, Miss Nina F., F.L.S. Rookvvood, tonneroau-road, 

Ipswich. 

1883. *r^acli, Charles Catierall. Kogi'.ill, Northuinbcrlaiid. 

1894. *LTtJATiY, A. H., M.A., Professor of Matbomatios in the University of 

Sheffield. 92 Aslidell-road, Shoni(.4tl. 

1905. JLeake, E. O. 5 Harrison-street, Johannesburg. 

1901. *I^an, Georpre, B.Sc. 15 Park-terrace, Glasgow. 

J904. *r^athom, 3. G. St. John’s College, Cambridge. 

*Leavittf* Erasmus Darwin, 2 C'entral-siiuaro, Cambridgoport, 
Massachusetts, U.S.A. 

ISS7‘.2. <J- A M. A , V.Ci.is., of Gdology \\\ tho D\iT\\ai\i 

VAV^. M. V., M.Se. /iOo\ogiea\ \)epar\.nuai\ V\u* Vj i\\\xivy:\V\ . 

Leeds: 

1895. *Ledger, Rev. Edimmd. Protea, Doods-road, Rcigate. 

1907. {Ijce, Mrs. Barton. 120 Mile End-lane, Stockport. 

1910. *Lee, Ernest. 2 (^laiighton-strefd, Burnley, Tjanca^hire. 

1896. §rjeo, Rev. H. J. Barton. 126 Mile End-laiu?, Stockport. 

1909. §ljce, 1. L. Caro of ]\Iessr.s. Warns, WiiitJiiop, & Co., 24 'J’hrog- 

inorl on -street, E.CJ. 

1909. §ljce. Rev, J. W., D.D, .5068 Washington -avenue, St. Louis, 


Missouri, U.S.A. 

1894. *Lec, Mrs. W. Ashdo wn House, Forest Row, Sussex. 

1884. ♦Ixjech, Si-* Bosdin T. Oak Mount^Piinperley, Cheshire. 

1909. JLceming, J. W., M.O. 400 Dcvon-coiirt, Winnipeg, Canaaa. 

1905. §Lecs, Mrs. A. P. Care of Or. Norris Wolfenden, 76 Wim]K>lo- 

strcct, W. 

1892. ♦Lees, Chables If., D.Se., F.R.S., Professor of Physics in tlio 
East London College, Mile Ena. Greenacres, Mayheld-avenuo. 
Woodford Green, Essex. 

1886. *Ixjes, Lawrence W. Okl Ivy House, 1 ettenhall, Wolverhampton. 
1900. JTxjos, Robert. Victoria-street, Fraserburgh. 

1905. . Jljees, R. Wilfrid. Pigg’s Peak Development Co., Swaziland, South 
.A.f rica 

1889. ♦Ixjoson, John Rudd, M.D., C.M., F.L.S., F.G.S. Clifden House, 
Twickenham, Middlesex. 

1906. ;|:Lectham, Sidney. Elm Bank, York. 

1905. JLegg, W. A. P.O. Box 1621, Cape Town. 

1892. jLEiCFELDT, Rouekt A. Norfolk-square, W, 

)910. §Leigh, H. S. Brentwood, Woi'sle.y, near Manchester. 

1891. jLoigh, W. VV. Glyn^Bargocd, Treharris, R.S.O., (damorgansliire. 
190.3. j Leighton, G. R., M.D., F.R.S.E., Professor of Pathology in the 
Royal Veterinary College, hidinburgh. 

1900. {Leiper, Robert T., M.B., F.Z.S. London School of Tropical 
Medicine, Royal Albert Dock, E. 
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1905. {Ixiitch, Donald. P.O. Box 1703, Johannesburg. 

1882. §Lt!mnn, Sir James, M.Inst.C.E., F.G.S. 11 The Avenue, South- 
ampton. • 

1903. *Lempfert, R. G. K., M.A. 66 Sydney-strect, S.W. 

1908. JLentaigne, John. 42 Merrion-squaro, Dublin# 

1887. *Leon, John T. Elmwood, Grove-road, Southsea. 

1901. §Leonard, J. H., B.Sc. 13 Gunterstone-road, West Kensington, W. 
1905. {Leonard, Right Rev. Bishop John. St. Mary’s, Capo Town. 

1890. *Lester, Josepli Henry, Royal Exchange, Manchester. 

1904. ♦Le Sueur, H. R., D.Sc. Chemical Laboratory, St. Thomas’s 

Hospital, S.E. 

1900. {Letts, Professor E. A., D.Se., F.R.S.E. Queen’s College, Belfa.st. 
1896. {Tx)ver, W. H. Thornton Manor, Thornton Hough, Clieshire. 

1905. {Jjovin, Benjamin. P.O. Box 74, Capo 'Jown. 

1887. *Ijevinstein, Tvan. Hawkesmoor, Fallowfield, Mancho.ster. 

1893. *Lbwes, Vivian B., F.C.S., Professor of Chemistry in t.hi‘ Royal 
Naval College, Greenwich, S.E. 

1905. {Lewin, J. B. Duncan’ s-ch ambers, Shortmarket-sireet , Capo 
Town. * 

1904. ♦Lewis, Mrs. Agnes S., L1 j.D- Castle Brae, Chestcrton-lanc, Cam- 
bridge. 

1870. {Lewis, Aevued Lionel 35 Beddington -gardens, Wallinglon, 

Surrey, 

UnWcTsity College, Aberystwyth. 

V» v< V'.. VU\\v^-v‘aA V V*^, VT.VA. 

1905. {Lewis, ¥. S., M.A. South Alru auPubYu: lAlwary, VV.vpt*. Y\>\Nn. 
1910.* gJvBWTs, Franc is J., M.Sc. The Univeu’shy, lAvci'\)ooi. 

1904. {Iajwis, Hugh. Glanafrau, Newtown, Montgomeryshire. 

1910. *]AMvis, 'I* 0. Westifome, WVst-road, (‘iiinl>ndg(\ 

1884. *Lewis, Sir W. T., Bart. The Mardy, Aberdare. 

1903. :|:T.(ewkowihsc;li, Dr. J. 71 Priory-road, N.W. 

1006. §Liddiard, flames Edward, F.R.G.S. Rodijorough Grange, Bourne- 
mouth. • 

1908. {Lilly, W. E., M.A., Sc.D. 39 Trinity Cpllogc, Dublin. 

1904. {Lin kf Charles VV. 14 Chichester-road, Croy.lon. 

1898. ^^ippincott, R. C. Cann. Over Court, near Brist*)!. 

1895. ’^Lister, The Right Hon. Lord, O.M., F.R.C.S., D.C.L., D.8(^, F.R.S. 

(President, 1896.) 12 Park-crescent, J\)rtla; d-place, VV. 

1888. {Lister, J. J., M.A., F.R.S. (Pre.s. D, 1906.) St. John’s College, 

Cambridge. » 

1861. *LiVEiisrG, G. D., M.A., F.R.S. (Pres. B, 18S2 ; Council 1888-95; 

Local Sec. 1862.) Newnham, CamWidge. 

1876. ♦Liversidoe, Arciitbaed, M.A., F.R.S. , F.C.S., F.G.S., F.R.G.S 
Hornton Cottage, Hornton-stroct, Kensington, \V. * 

1902. gLltwellyn, Evan. Working Men’s Institute and Hall, Blaenavon. 

1909. glJoyd, George C., Seerebary of the Iron and Ste(*I Institute. 28 

Victoria-street, S.W. 

1903. {Llo> 1, Godfrey 1. H. The University of Toronto, Canada. 

1891. *LLny/>, J{. M.A., D.LiiL, F.R.S. K, 4t)A (hovr-sheil. TAwrjutol. 

1854. *LoBnEY, J. Looan, F.G.S., F.R.G.S. 36 Palace -street, Bucking- 
ham Gate, S.W. 

1892. {Loch, C. S., D.C.L. Denison House, Vauxhall Bridge-road, S.W^ 

1905. {Lochrane, Miss T. 8 PriTiec^’s -gardens, Dowanhill, Glasgow. 

1904. {Lock, Rev. J. B. Horschel House, (.’ambridge, 

1863. {Lookyek, Sir j. Norman, K.C.B., LL.D., D.Sc., F.R.S. (President, 
1903; Council, 1871-76, 1901-02.) 16 Penywern-road, S.W. 
1902. *Lockyer, Lady. 16 Penywem-road, S.W, 
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1900. Sr^CKYKB, W. J. S., Ph.D. 16 Penywcrn-road, S.W. 

1886 . *Lodgb, At-fbud, M.A. The "‘a ™icni 

187.5 . ♦Lodge, Sir Oliveu J., D.Sc., LKD., l.R.S. (Ptm. A, 18.11; 

Council 1891-f^, 1899-1903). Principal of the University of 


Birmineham. . , « ,,, 

1894. ♦AwA/c, Oliee^W. F. 17 linskin-hviUlings. Westmir^r, iS.lf. 

1899. P/Diicq, Emile. 6 Eue do la Plaino, Jjaon, Aisno, 1 ranee. 

1002. JLondondebry, The Marquess of, K.G. Londonderry House, 
Park-lane, W. 

1903. {Long, Frederick. The Close, Norwich. 

1905. flx)ng, W. F. City Engineer’s Office, Capo Town. 

1883. ♦Long, William. Thelwall Keys, near Warrington. 

1904. *Longdcn, J. A., M.Inst.C.E. Stanton-by-Dale, Nottingham. 

1905. §Longden, Mrs. J. B. Stanton-by-Dale, Nottingham. 

1898. *Longfield, Miss Gertrude. Belmont, High Halstow, Rochester. 
1901. *Longstafr, Frederick V., F.R.G.S. Ridgelands, Wimbledon, Surrey. 
1875. *Longstaff, George Blundell, M.A., M.D., F.C.S., F.S.S. Highlands, 

Putney Heath, S.W. 

1872. *Longstaff, JJowellyn Wood, F.R.G.S. Ridgelands, Wimbledon, S.W. 
1881. ♦Longstaff, Mrs. LI. W. Ridgelands, Wimbledon, S.W. 

1899. ♦loongstaff, Tom G., M.A., M.D. Ridgelands, Wimbledon, S.W. 
1903. JLoton, John, M.A. 23 Hawksbead-aircet, Southport. 

1897. JLoudon, James, LL.D., President of the University of Toronto, 
Canada. 


1883. ♦Louis, D. A., F.G.S., F.f.C. PaJl Mall, S.W. 

1896. §Louis, Henry, D.Sc., Professor of Mining in the Armstrong College 

of Science, Newcaatle-on-Tyno, 

I8«7. •Tx.vu. A. E. H., M.A., D.Sc., F.R.S. (Prea. A, 1907), Professor 

of oxford. 34 st. 

1886. *Love, E. F. J. M.A., D.Sc, the University, Melbourne, Au»traAiu., 

1904, ♦Love, 3. "R. Outtanda, Devonport. 

1876. ♦IaOvc, James, F.R.A.S., F.G.S., F.Z.S. « 33 Clanncarde-gardens, W. 

1905. iLoveday, Professor T. South African College, Cape Town. 

1908. §1jOW, Alexander, M. A., M.B. The University, Aberdeen. 

1909. tjiow, Dayid, M.D. 1927 Scarth'^trect, Regina, Saskatchewan, 

Canada. '• 

1885. §Lowdell, Sydney Poole. Baldwin’s Hill, East Grinstoad, Sussex. 
1891. §Lowdon, John. St. Hilda’s, Barry, Glamorgan. 

1885. ♦Lowe, Arthur C. W. Gosfield Hall, Halstead, Essex. 

1905. JLowe, E. C. Chamber of Trade, Johannesburg. 

1886. ♦Lowe, John Landor, B.Sc., M.Inst.C.E. Spondon, Derbyshire. 
1894. :|;Lowenthal, Miss Nellie. Woodside, Egerton, Huddersfield. 

1903. ♦JiOWBY, Dr. T. Martin. 130 Horseforry-road, S.W. 

1901. ♦Lucas, Keith. Trinity College, Cambridge. 

1891. *Lucovich, Count A. Tyn-y-parc, Whitchurch, near Cardiff. 

1906. §Ludlam, Ernest Bowman. Cblleg© Gate, 32 College-road, Clifton, 

Bristol. 

1866. ♦Lund, Charles. Ilkley, Yorkshire. 

1850. ♦Lundio, Cornelius. 32 Newport-road, Cardiff. 

1905. JLunnon, F. J. P.O. Box 400, Pretoria. 

1883. *Lupton, Arnold, M.P., M.Inst.C.E., F.G.S. 7 Victoria-street, S.W. 

1874. *Lupton, Sydney, M.A. (IxKjal Sec. 1890.) 102 Park-street, 

Grosvenor-squaro, W. 

1898. §Luxmoore, Dr. C. M., F.LC., 19 Disracli-gardens, Putney, S.W. 
1903. JLyddon, Ernest H. Lisvane, near Cardifi. 

1884. ^Lyman, H. H, 384 St. Paul-street, Montreal, Canada. 
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1907. *Lyons, Captain Henry George, D.Sc., F.R.kS. :i4 Ilunlly-gaitlens, 

Glasgow. 

1908. JLystor, (ileorgo H. 34 Dawson -street, •Dublin. 

1908. JLyster, Thomas W., M.A. National Library*of Ireland, Kildure- 
»t reet, Dublin. 


1905. JMaberiy, Dr. John. Shirley House, Woodstock, Cape Colony. 

1868. {Maoausteb, Albxandsb, M.A., M.D., F.R.S. (Pres. H, 1892 ; 

Council, 1901-06), Professor of Anatomy in the Univorsity of 
Cambridge. Torrisdale, Cambridge. 

1878. {MacAusteb, Sir Donald, KC.B., M.A., M.D., LL.D., B.Sc., 
Principal of the University of Glasgow. 

1904. jiMacalister, Miss M. A. M. Torrisdale, Cambridge. 

1908. JMacallan, J., F.I.C., F.R.S.E. 3 Rutland- terrace, Clontarf, Co, 
Dublin. 


1896. IMaoallum, Professor A. B., Ph.D., D.Se., F.R.S. (Prcs. I, 1910 ; 

Local Sec. 1897.) 69 St. George-street, Toronto, Canada. 
1879. §Mac Andrew, James J., P.L.S. Lukesland, Ivy bridge. South Devon. 
1883. tMacAndrew, Mrs. J. J. Lukesland, Ivybridge, Sov.th Devon. 

1909. §MaoArthur, J. A., M.D. Canada Life Building, Winnipeg, Canada. 
1896. *Macaalay, F. S., M.A. 19 DewJiurst-road, W. 

1904. *Macaulay, W. H. King’s College, Cambridge. 

1896. iMAcBniDE, Professor E. W., M. A., D.Sc., F.R.S. Iin[>erial College of 
Science and Technology, S.W. 

1902. *Maccall, W. T., M.Sc. Technical CoJlege, Sunderland. 

1886. ]:MacCartliy, Rov. F. F. M., M.A .50 Harborne-road, Edgbaston, 

Birmingham. , 

\myn. 8M.s0.xTay,V.tWaTAVa\eT\tiae,J.l?. Aidmanagti House, OieuDrooK, 


1909. "ItMucCarUiy, 0. H.. 

1884. ^McCarthy, J. J., M,D. S3 WeWngton’roud, Dublin. 

1887. *McCar thy, James. 1 Sydney -place, Bath. 

1904. §McCl ean, Frank Kennedy. Rusthall lk)iise, Tunbridge Wells. 
1902. J McClelland, J. A., M..^, F.R.S., Professor of Physics in University 

^ College, Dublin. ^ * 

1906, JMcClure, Rev. E. 80 Eccleston-square, S.W. 

1878. *M‘Comas, Henry. Pembroke House, Pcmbrokc-roail, Dublin. 
1908. §McCombie, Hamilton, M.A., Ph.D. The University, Birmingham. 
1901. *MacConkey, Alfred, ^ftueens berry Lodge, Elstree, Herts. 

1905. fMcConnell, D. E. Montrose-avonue, OrangezicJit, Cape Town. 
1901. jMacCormac, J. M., M.D. 31 Victoria-pJtwje, Belfast. 

1892. *McCowan, John, M.A., D.Sc. Henderson -street. Bridge of Allan 
. N.B. 


1901. JMoCrae, John, Ph.D. 7 Kirkleo-gardens, Glasgow. 

1905. §McCulloch, Principal J. D. Free College, Edinburgh. 

1904. JMcCulloch, Major T., R.A. 68 Victoria-streot, S.W. 

1909. JMacDonald, Miss Eleanor. F ort Qu’ Appolle, Saskatchewan, Canada . 

1904. {Macdonald. H. M., M.A., F.R.S., Professor of Mathematics in tlu; 

University of Aberdeen. 

1905. * {McDonald, J. G. P.O. Box 67, Bulawayo. 

1900, {MacDonald, J. Ramsay ,,M.P. 3 Lincoln’s Inn-fields, W.C. 

1890. ♦MacDonald, Mrs. J. Ramsay. 3 Lincoln’s Inn-fields, W.C. 

1905. §Macdonald, J. S., B.A., Professor of Physiology in the Univorsity 
of Sheffield. • 

1884. ♦Macdonald, Sir W. C. 449 Sherbrooke-street West, Montreal. 
Canada. 
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1909. iMaoDoneli, John, M.D. Portage-avenue, Winnipeg, Canada. 

1905). *MacDougall, R. Stewart. The University, Edinburgh. • 

1908. §McEwen, Walter, J.P. Flowerbank, Newton Stewart, Scotland. 
1897. McEwen, WiUiam C.* 9 South Charlotte-street, Edinburgh. 

1881. fMaeCarlane, Alexander, D.Sc., E.R.S.E. 317 Victoria-avenue, 
Chatham, Ontario, Canada. 

1906. gMcEarlane, John. 30 Parsonage-road, Withington, Manchester. 
1885. JMacfarlane, J. M., D.Sc., F.R.S.E., Professor of Biology in the 
University of Pennsylvania, Ijaiisdowne, Delaware Co., Penn- 
sylvania, U.S.A. 

1005. i^Macfarlane, T. J. M. P.O. Box 1198, Johannesburg. 

1901. JMaefee, John. 5 Green law-terracc, Paisley. 

1009. JMacgachcn, A. E. D. 281 River-avenue, Winnipeg, Uanada. 

1888. JMacGeorge, James. 8 Matlieson-road, Kensington, W. 

1908. JMcGratii, Joseph, LL.D. (Local Sec. 1908.) Royal University 
of Ireland, Dublin. 

1908. §MacGregor, Charles. Training Centre, Charlotte-street, Aberdeen. 
1906. {Maegregor, D. H., M.A. Trinity College, Cambridge. 

1884. *MacGkegor,. James Gordon, M.A,, D.Sc., F.R.S., F.R.S.E., Pro- 
fessor of Natural Philosophy in the University of Edinburgh. 

1902. {Mcllroy, Archibald. Glenvale, Drumbo, Lisburn, Ireland. 

1905. jMacindoe, Flowerdue. 23 Saratoga-avenue, Johannesburg. 

1867. *McIntosu W. C., M.D., LL.D., F.R.S., F.R.S.E., F.L.S. (Pres. D, 

1885), Professor of Natural History in the University of 
St. Andrews. 2 Abbotsford-crescent, St. Andrews, N.B. 

1909. JMcIntyre, Alexander. 142 Maryland-avenue, Winnipeg, Canada. 
1909. JMcJntyre, Daniel. School Board Offices, Winnipeg, Canada. . 
1909. JMcIntyrc, W. A. 339 Kennedy-street, Winnipeg, Canada. 

1884. gMacKay, A. H., B.Sc., LL.l3., Superintendent ,of Education. 

Education Office, Halifax, Nova Scotia, Canada. 

1885. {Mackay, John Yule, M.D., LL.D., Principal of and Professor of 

Anatomy in University College, Dundee. 

1908. JMcKay, William, J.P. Clillord-chambors, York. 

1909. §McKce, Dr. E. S. Grand and Nassau-strccts, Cincinnati, U.S.A. 
1873. JMcKendbick, Jou^ G., M.D , LL.D., F.R.S., F.R.S.F. (Pres. I, 

, 1901 ; ^Council, 1903-09), Emel'itus Professor of Physiology 

in the Clnivcrsity of Glasgow. Maxieburn, vStonohaven, N.B. 

1909. JMcKenty, D. E. 104 Colony-street, Winnipeg, Canada. 

1905. JMcKenzio, A. R. P.O. Box 214, Caxjo Town. 

1905. {Mackenzie, Hector. Standard Bank of South Africa, Capo 
Town. 

1897. {McKenzie, John J. ^ 61 Madison avenue, Toronto, Canada. 

1910. ^Mackenzie, K. J. J.V M.A. 10 Richmond- road, Camhridge. 

1909. gMacKenzic, Kenneth. Royal Alexandra Hotel, Winnipeg, Canada. 
1901. *iMackenzie, Thomas Brown. Netherby, Manse-road, Motherwell, N.B. 
1872. *Maekoy, J. A. United University Club, Pall Mall East, S.W. 

1901. {Maokie, William, M.D. 13 North-street, Elgin. 

1887, {Mackinder, H. J., M.A., M.P., F.R.G.S. (Pres. E, 1895 ; Council, 
1904-1905.) 243 St. James’s-court, Buckingham-pitc, S.W. 
1908. §MacKinnon, Mi's. Donald. Speldliurst Rectory, 'J'unbridge Wells. 
1893. ’“McLaren, Mrs. E. !.•. Colby, M.B., Ch.B. i33 Tcttenhall-road, 
Wolverhampton. 

1961. {Maclaren, J. Malcolm. Royal Colonial Institute, Northumber- 
land Avenue, W.C. 

1905. {McLaren, Thomas. P.O. Box 1034, Johannesburg. 

1901. {Moclay, William. Thornwood, Laiigside, Glasgow. 

1901. {McLean, Angus, B.Sa liarvale, Moikleriggs, Paisley. 



LIST OF MEMHKI^: 1910. 55 

Year of 
Mli'ctioii. 

1892. *Maclean, Magnus, M. A., D.Sc.,F.R.S.E. (Local See. 1901), Pro- 
fessor of Electrical Engineering, Technical College, Glasgow. 
1909. JMacIiOan. Neil Brnce. 24 Hitchcock lIuiveiRit v, Chicago, 

IJ.S.A. 

1908. §Mc]A'Ainan, J. C., Ihofessor of !*hysi<*s in ihc Ihiivcrsity ot 

Toronto, Canada. ® 

1868. JMcLeod, Herbert, F.K.S. (Pres. B, 1892 ; Council, 1885-90.) 
37 Montaguo-rnad, Richmond, Surrey. 

1909. JMacLood, M. H. C.N.ll. Dep I, Winnipeg, Canada. 

1883. JMacMaiion, Major Percy A., 11. A., D.Sc., F.R.S. (General 
Secretary, 1902- ; Pros. A, 1901 ; Council, 1898-1902.) 

27 Evelyn-mansions, Carlislc-placo, S.W. 

1909. JMcMifaan, The Hon. Sir Daniel H., K.O.M.G. Government 
House, Winnipeg, Canada. 

1902. JMcMordie, Robert J. Cabin Hill, Knock, Co. Down. 

1905. i'MacNay, Arthur. Capo Government Railway Ollices, De Aar, 
Capo Colony. 

1878. JMacnio, George. 59 Bolt on-street, Dublin. 

1905. ;i:Maephail, Dn S. Kntherford. Rowdilcli, Dci^l y. 

1909. iMaePhail, W. M. P.O. l^ox 88, Winnipeg, Canada. 

1905. JMacrae, Harold J. P.O. Box 817, Johannesburg 

1907. ;|;Maerosty, Henry W. 29 Hervey-road, Blackheuth, S.E. 

1906. jMacturk, G. W. B. 15 Bowlalley-laiie, Hull. 

1908. JMeVitla*, B. B., ?>1.D. fi2 Fitz\villuim-.s<(uaro North, Dublin. 

1908. JMcWalter, J. C., M.D., M.A. 19 North Earl-street, Dublin. 

1902. JMcWeency, Prolossor E. J., M.l). 84 St. Stephen’s-green, Dublin. 

1903. Ji/elL/ar/c/*, 9 WaUrorlh-lermce, (Hofitjow, 

1910. §Mc\Villiain, Andrc'w, Protc‘s.^ur of Metallurgy in the University of 

SlicOield. 

1908. JMadoen, Rt. Hon. Mr. Justice. Nutlej\ Booterslown, Dublin. 
1905. ;!;Magenis, Lady l.ouisa. 34 I Aiiinox -gardens, S.W. 

1902. XMafjill, 11., J/..L. PftJ). Tlifi J/aw-w, Maffhcm, Co. Deny, 

1909. j:Ma.gnus, f. auric, M.A. 12 Westbournc-terraec, W. 

1875. *MAaNu.s, Sir J*uiltp, B.So., B.A., M.P. (Pres. L, 1907). IGGlouces- 
, ter-terraee, Hyde I’ark, W. • 

1908. *Mags()n, Egbert II. •07 Pepys-road, CoUeiiliam Park, Wiiuble- 
don, S.W. 

1002. XMalion, J. L. 2 May-street, Dnimrondra, Dublin. 

1907. *Mair, David. Civil Service Commission, Burlington-gardcna, W. 

1908. jMair, William, E.C.S. 7 Comiston-road, Kdiuburgh. 

1908. *Makower, W. 9’ho l^iiversity, Manchester. 

1867. t^ULLET, John Wiliaam, i*h.b., M.D., E.H.S., E.C.S., Professor of 
Chemistry' in the University of Virginia, AlheinarloCo., (hS.A. 
1905. JMaltby, liicutoiiant O. it., K.N. 54 St. G('orge’s-s(|uaro^ S.W. 

1897. JAIance, Sir H. C. Old Woodbury, Sandy, Bedforddiiro. 

1903. ^Manifold, C. C. 16 St. Jamcs’s-sfpiare, S.W. 

1905. JManning, D. W., E.R.G.S. Roydon, Rose!>ank, ('ape 'Jown. 

1894. JManning, Percy, M.A., F.S.A. Watford, Herts. 

1905. tMansliold, J. D. 94 St. George’s-street, Cap> 'rown. 

1887. *Mareh, Henry Colley, M.D., F.S.A. Porteshain, Dorchester, 
Dorsetshire. 

1902: *:klARCUANT, Dr. E. W. The University, IJvcrpool. 

1898. *Mardon, lleber. 2 Lit^itjld- place, Clifton, Bristol. 

1900. IMargerison, Samuel. Calvcrley Lodge, near Leeds. 

1864. tMAREUAM, Sir Clements R., K.C.B., F.R.S., F.R.G.S., F.S.A. 

(Pros. E, 1879; Council, 1893-96.) 21 Eccleaton-.square, S.W. 
1905. §Marks, Samuel. P.O. Box 379, Pretoria, 
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1905. tMarlolh, R., M.A., Ph.D. P.O. Box 359, Cape Towti. 

1881. *Makr, J. E., M.A., D.Sc., F.R.S., F.G.S. (Prea. C, 1896 ; Council, 
1890-1902, 19^0- .) St. John’s College, Cambridga 

1903. .§MaiTiott, William. Royal Meteorological Society, 70 Victoria- 

street, S.W. 

1892. ♦Marsden-Smedlcy, J. B. Lea Green, Cromford, Derbyshire. 

1883. *Marsh, Henry Carpenter. 3 Lower James-street, Golden- 

square, VV 

1887. {Marsh, J. E., M.A., F.R.S. University Museum, Oxford. 

1889. ♦Marshall, Alfred, M.A., LL.D., D.Sc, (Pres. F, 1890.) Balliol 
Croft, Madingley-romi, Cambridge. 

1904. {Marshall, F. 11. A. University of Edinburgh. 

1905. §Marsaall, G. A. K. 6 Che.ster-place, Hyde Park -square, W. 

1892. §Marshall, Huchi, D.Sc., F.R.S., F.R.S.E., Professor of Chemistry 

in University College, Dundee. 

1901. {Marshall, Robert. 97 Wellington -street, Glasgow. 

1886. ♦M ABsn ALL, Willi am Bayley, M. Inst. C.E. Imperial Hotel, Malvern. 
1907. {Marston, Robert. 14 Ashlcigh-road, Leicester. 

1899. §Martin, Miss^A. M. Park View, 32 Bayham-road, Sevenoaks. 

1905. {Martin, John. P.O, Box 217, Germiston, Transvaal. 

1884. §Martin, N. H., J.P., F.R.S.E., F.L.S. Ravenswood, Low Fell, 

Gateshead. 

1889. *Martin, Thomas Henry, Assoc.M.Tnst.C.E. Windermere, Mount 
Ploasant-road, J lasting-s. 

1905 {Marwick, J. S. P.O. Box 1166. Johannesburg. 

1905. {Marx, Mrs. Charles. Shabana, Robinson-street, Belgravia, South 
Africa. 

1907. {Masefield, .J. R. B., M.A. Rosohill, Cheadle, Staffordshire. 

1847. {Maskelyne, Nevil Story, M.A., D.Sc., F.R.S., F.G.S. (Council, 
1874-80). Basset Down House, Swindon. 

1905. *Mason, Justice A. IV. Supreme Court, Pretoria. 

1893. *Mason, Thomas. Enderlcigh, Alexandra Park, Nottingham. 

1891. *Ma8.sey, William IT., M.Inst.C.E. Twyford, R.8.O., Berkshire. 

1885. {Masson, David Orme, D.Sc., F.R.S., Professor of Chemistry in the 

University of MeHK>urnc^ * 

1910. §.\Jasson, Iryiiie, M.Sc. The UniveiAty, Melbourne. 

1905. §Mas8y, Mias Mary. York Hou««e, Teignmouth, Devon. 

1901. ^ ♦Mather, G. R. Boxlca, Wellingborough. 

1910.* *Mathcr, Thomas, F.R.S., Professor of Electrical Engineering in the 
City and ({uilds of London Institute, Exhibition-road, S.W. 

1887. *Mather, Right Hon. Sir William, M.Inst.C.E. Salford Iron Works, 

Manchester. ^ 

1909. {Mathers, Mr. Justice. 16 Edmonton-stroct, Winnipeg, Canada. 

1908. {Matheson, Sir R. E., LL.D. Charlemont House, Rutland-squarc, 

Dublin. 

1905. {Mathew, Alfred Horfield. P.O. Box 242, Cape Town. 

1894. {Mathews, G. B., M.A., F.R.S. 10 Mcnai View, Bangor, North 

Wales. 

1902. {Matley, C. A., D.Sc. 7 Morningside-terrace, lOdinburgh. 

1904. {Matthews, D. J. The Laboratory, Citadel Hill, Plymouth. 

1905. {Matthews, J. Wright, M.D. P.O. Box 437, Johannesburg. 

1899. ♦Maufe, Herbert B., B. A., F.G.S. Geological Survev Office, 33 Georgo- 
t s(iuare, Edinburgh. • 

1893. {Mavor, Professor James. University of Toronto, Canada. 

1865. ♦Maw, George, F.L.S., F.G.S., F.S^. Benthall, Kcnley, Surrey. 

1894. §Maxim, Sir Hiram S. Thurlow Park, Norwood-ro^, West 

Norwood, S.E. 
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1903. % Maxwell, J. M, 37 Aah-slreet, SouthporL 

1905: §Maylard, A. Ernest. 12 Blyths wood -square, Glasgow. 

1905. fMaylard, Mrs. 12 filythswood-squar^, Glasg;^w. 

1878. *Mayne, Thomas. 19 Lord Edward-streot, Dublin. 

1904. JMayo, Rev. J., LL.D. 6 Warkworth-terracI, Cambritlge. 

1905. JMeams, J. Herbert, M.D. Edenville, 10 Oxford-road, Observatory, 

Cape Town. 

1879. §Meiklejohn, John W. S., M.D. 105 Holland-road, W. 

1905. tMein, W. W. P.O. Box 1145, Jolianncsburg. 

1881. *Meldola. Raphael, F.R.S., F.R.A.S., F.C.S., F.LC. (Pres. B, 
1895 ; Council, 1892-99), Professor of Chemistry in tlie Fins- 
bury Technical College, City and Guilds of London Institute. 
6 Brunswick-square, W.C. 

1908. JMeldrum, A. N., D.Sc. Chemical Department, llie University, 

Manchester. 

1883. JMellis, Rev. James. 23 Part-street, Southport. 

1879. *Mellish, Henry. Hodsock Priory, Worksop. 

1866. {Mbllo, Rev. J. M., M.A., F.G.S. Cliff Hill, J\^arwick. 

1881. §Melrose, James. Clifton Croft, York. 

1905. ♦Melvill, E. H. V., F.G.S., F.R.G.S. P.O. Box 7^.f. Johannesburg. 

1909. JMcnzies, Rev. James, M.D. IFwaichingfu, Honan, China. 

1905. {Meredith, H. O., Professor of Economies in t^uei'ii’s University, 
Belfast. 

1908. {Meredith, Sir James Creed, LL.D. Royal University of Ireland, 
Dublin. 

1879. {Merivale, John Herman, M. A. (Local Sec. 1889.) Togston Hall, 
• Ackhngton. 

1899. *Mcrrett, William H., F.LC. Hatherley, Grosvenor-road, Walling- 
toft, Surrey. 

1905. {Merriman, Right Hon. John X. Schoongezicht, Stellenbosch, Cape 
Colony. 

1899. {Merry weather, J. C, 4 Whitehall-court, S.W. 

1889. *Morz, John Theodore. The Quarries, Newcastle-upon-Tyne. 

1905. {Methven, Cathcart W. Club Arcade, Smith -street, Durban. 

1896. §Mo&ler, W. H., Ph.?^., Professor of Mathematics in Syracuse 
^ University, Syracuse, New York, U.S.A. ^ 

1869. {Miall, Louis C , D.Sc., F.R.S., F.L.S., F.G.S. (Pres. D, 1897 ; 

Pres. L, 1908; lA)cal Sec. 1890.) Norton Way North, Lcitch- 
worth. 

1903. *Micklethwait, Miss FriMaces M. G. Peiihein, Chepstow, Monmouth. 
1881. *Middlosbrough, The Right Rev. Richard Lacy, D.D., Bishop of. 

Bishop's House, Middlesbrough. 

1904. {Middleton, T. H., M.A. South House, Barton -road, Can^bridge. 

1894. *AIiers, H. a., M.A., D.Sc., F.R.S., F.G.S. (Pres. C, 1905 ; Pres. 

L, 1910), Principal of the University of London. 23 Wetherby- 
gardens, S.W. 

1885. §Mill, Hugh Robp:rt, D.Sc., LL.D , F.R.S.E., F.R.G.S. (Pres. E, 
1901.) 62 Camden -square, N.W. 

1905. {Mill, Mrs. H. R. 62 Caraden-square, N.W. 

1889. *Millar, Robert Cockburn. 30 York-place, Edinburgh. 

. Millar, Thomas, M.A., LL.D., F.R.S.E. Perth. 

1909. §Miller, A. P. Vermilion, Bay, Ontario, Canada. 

1895. {Miller, Thomas, M.Tiist.C.E. 9 Thoroughfare, Ipswich. 

1909. {Miller, Professor W. G. Bureau of Mines, Toronto, Canada. 

1904. {Millis, C. T. Hollydene,* Wimbledon Park-road, Wimbledon. 

1905. §Mills, Mrs. A. A. Ceylon Villa, Blinco-grove, Cambridge. 

1908. §Mi]ls, Miss E. A. Numey, Glenagarey, Co. Dublin. 
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1868. *Mills, Edmund J., D.Sc., F.R.S., F.C.S. &1 Twyfonl-avenue, 
West Acton, W. • 

1908. §Mills, Miss Gertrude Jfsabol. Niirno 3 % Gloiiagarey, Co. Dublin. 
1908. ^JVIills, John Arthur, M.B. Durham (buiity Asylum, Wintortoii, 
F(^rryhilt 

1908. §Mills, W. H., M.[ust.C.E. Nunicy, Glcnagarey, Co. Dublin. 

1902. tMills, W. Sloan, M.A. Vine Cottage, Donaghmore, Newry. 

1907. JMilne, A., M.A. University School, Hastings. 

1910. §Milno, J. B. Cross Grove Uouse, Totlcy, ncai- Sheifteld. 

1910. *Milno, James Robert, D.Sc., R.ll.S.E. IV MeVviUe-erescent, Edin- 
burgli. 

1882. *Milns, John, D.Sc., F.R.S., F.G.S. Shide, Newport, Isle of 

Wight. 

1903. *Milne, R. M. Royal Naval College, Dartmouth, South Devon. 
1898. *Milnor, S. Roslington, D.Sc. The University, Sheffield. 

1908. §lVIilroy, T. H., M.D., Dunville Professor of Physiology in Queen’s 

College, Belfast. 

1907. §Milton, J. H., F.G.S. Harrison House, Crosby, Liverpool. 

1880. JMiNcuiN, G.* M., M.A., F.R.S. 149 Banbury-road, Oxford. 

1901. *Mitchell, Andrew Acworth. 7 Huntly-gardens, Glasgow. 

1901. *Mitcholl, G. A. 5 West Regent-street, Glasgow. 

1909. JMitehell, J. F. 211 Rupert-sireet, Winnipeg, Canada. 

190.3. {Mitchell, John. Government School House, Jeppostown, Transvaal. 
1885. {Mitchell, P. Chalmers, M.A., D.Sc., F.R.S., Sec.Z.S. (Council. 
1906- ). Zoological Sociedy, Regent’s J^irk, N.W. 

1908. {Mitchell, W. M. 2 St. Stephen’s Green, Dublin. 

1905. ^Mitchell, William Edward. Ferreira Deep, Johannesburg. 

1895. *Moat, William, M.A. Johnson Hall, Eccleshall, Staffordshire. 

1908. {Moffat, C. B. 36 Hardwicke -street, Dublin. ^ 

1905. {Moir, James, D.Sc. Mines Department, Johannesburg. 

1905. {Moir, Dr. W. Ironside. Care of Dr. McAulay, Cleveland, Transvaal. 
1905. IMolengraaff, Professor G. A. F. The Technical University of 
Delft, The Hague. 

1883. {Mollison, W. L., MA. Clare College, Cambridge. 

1908. {Molloy, W. R. J., J.P., M.R.I.A. '^8 Kenilworth-squave, Rathgai, 

^ Co. Dublin. ^ 

1900. *Monckton, H. W., Treas.L.S., F.G.S. 3 Harcourt- building®. 

Temple, E.C. 

1905. *Monciueff, Colonel Sir C. Scott, G.C.S.I., K.C.M.G., R.E. (Pres. 

G, 1905.) 11 Choyno-walk, S^jW. 

1905, {Moncrieff, Lady Scott. 1 1 Cheyne-walk, S. W. 

1891. *Mond, Robert Lirlwig, M.A., F.R.S. E., F.G.S. 20 Avenue-road 
^ Regent’s Park, N.W. 

1909. §Moody, A. W., M.D, 432 J Main-street, Winnipeg, Canada. 

1909. §.\rooi>Y, G. T., D.Sc. Lome House, Dulwich, S.E. * 

1908. *Moore, F. W. Royal Botanic Gardens, Glasnevin, Dublin. 

1891. {Moore, Harold E. Oaklands, The Avoiiiie, Beckenham, Kent. 

1908. {Moore, Sir John W., M.D. 40 Fitz william-square West, Dublin. 

1901. *Moore, Robert T. 142 St. Vincent-street, Glasgow. 

1905. §Moore, T. H. Thornhill Villa, Marsh, Huddersfield. 

1896. *Mordey, W. M. 82 Victoria-street, S.W. 

L901. *Morcno, Francisco P. Parana 915, Buenos Aires. 

1905. ♦Morgan, Miss Annie. Friodrichstfasso No. 2, Vienna. 

1895. {Morgan, C. Lloyd, F.R.S., F.G.S., Professor of Psychology in tho 
University of Bristol. % 

1902. {Morgan, Gilbert T., D.Sc., F.I.C. Imperial College of Science and 

Technology, S.W. 
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1902. *Morgaii, Septimus Vaughan. 37 Hamngton-garJens, S.W. 

1 901. • *Morison, James. Perth. 

1883. *Moblby, Henry Forster, lil.A., D.Scj^ F.C.S. 5 Lynclhu- ^ —ad, 
Hampstead, N.VV. * 

1906. JMorrell, H. R. Scarcroft-road, York. 

1896. ^Morrell, R. S. Caius College, Cambridge. 

1908. {Morris, E. A. Montmorency, M.A., M.K.I.A. Winton House, 
Cabra, Co, Dublin. 

1905. {Morris, F., M.B., B.Sc. 18 Hope-street, Ca]>o Town. 

1896. *Morri.s, J. T. 47 Cumberland-manaions, Seymour -place, W. 

1880. §Morris, James. 6 Windsor -street, UplamLs, Swansea. 

1907. {Morris, Colonel Sir W. G., K.C.M.G. Caro of Messrs. Cox & Co., 

16 Charing Cross, W.C. 

1899. *Morrow, John, M.Sc., il.Eng. Armstrong College, Ncwcastlc- 
upon-Tyiie. 

1909. {Morse, Morton F. Wellington-crescent, Winnipeg, Canada. 

1865. {Mortimer, J. R. St. John’s Villas, Driflield. 

1886. *Morton, P. F. 15 Ashley-place, Westminster,^S.W. 

1896. *Morton, William B., M.A., Professor of Natural Philosophy in 
Queen’s University, Belfast. 

1908. {Moss, Dr. C. E. Botany School, Cambridge. 

1876. §Moss, Richard Jackson, F.I.C., M.R.I.A. Royal ]>ublin Society, 
and St. Aubyn’s, Bally brack, Co. Dublin. 

1892. *Mostyn, S. G., M.A., M.B. 15 Grango-avcnuo, Harton, near South 
Shields. 

1878. ♦Moulton, The Right Hon. Lord Justice, M.A., K.C., F.R.S. 

- 57 Onslow-square, S.W. 

1899 §Mowll, Martyn. Chaldercot, 1,-ey burne-road, Dover. 

1905. {Moylan,*Mi8s V. C. 3 Canning-place, Palace Gate, W. 

1905. *Moy8ey, Mss E. L. Pitcroft, Guildford, Surrey. 

. 1902. §Muir, Arthur H. 2 Wellingt{)n-place, Belfast. 

1907. *Muir, Professor Jamas. 31 J?urn bank-gardens, Glasgow. 

1874. {Muir, M. M. Patitson, M.A. Gonvillo and Caius (’ollego, Cam- 
l)ridge. • 

1909. {Mail* Robert R. Graiq Exchange- building, Winiiixicg, Canada. 

1904. ^ ‘^luir, William. Rowallan, Newton Stewart, N.j5. 

1872.* ♦Muirhead, Alexander, D.Sc., F.R.S., F.C.S. 12 Carteret -street. 
Queen Anne’s Gate, Westminster, S.W. 

1905. *Muirhead, James M. P., F.R.S.E. Markham’s-chambers, St. 

George’s -street. Cape Town. 

1876. *Muirhead, Robert Franklin, B.A., D.Sc. 64 Great George-street, 
Hillhead, Glasgow. » 

1902. {Mullan, James. Castlorock, Co. Derry. ^ 

1884. *Mi;LLER, Hugo, Ph.D., F.RS., F.C.S. 13 Park-square East, 
Regent’s Park, N.W. 

1905. {Mulligan, A. ‘ Natal Mercury * Office, Durban, Natal. 

1908. {Mulligan, John. (Local Sec. 1908.) Grcinan, Adelaidc-road, 

Kingstown, Co. Dublin. 

1904. §Mullingcr, J. Bass. M.A. 1 Bene’t-place, Cambridge. 

1898. {Mumford, C. E. Cross Roods House, Bouverie-road, Folkestone. 
1901. ♦Munby, Alan E. 28 Martin*s-lanc‘, Cannon-street, E.C. 

1906. {Munby, Frederick J. Whixley, York. 

1904. {Munro, A. Queens* College, Cambridge. 

1909. {Munro, George. 188 Roslyn-road, Winnipeg, Canjula. 

1883. ♦Munro, Robert, M.A., M.D., LL.D. (Pres. H, 1893.) Elmbaiik, 
Largs, Ayrsluro, N.B. 

1909. {Munson, J. H., K.C. Wellington-crescent, W^innipeg, Canada. 
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1909. §Murphy, A. J, Vanguard Manufacturing Co., Dorrington-sj>reet, 
Leeds. 

1908. JMurphy, Leqpard. t66 Riohmond-road, Dublin. 

1908. JlviijiiPHY, William M., J.P. Dartry, Dublin. 

1905 :]:Murr^, Chafles F. K., M.D. Kenilworth House, Kenilworth, 
Cape Colony. 

1905. JMurray, Dr. P. Londiniom, London-road, Sea Point, Cape 
Town. 

1891. JMurray, G. R. M., F.R.S., F.R.S.E., P.L.S. 32 Market-square, 
Stonehaven, N. B. 

1905. §Murray, Sir James, LL.D., TJtt.D. Sunnyside, Oxford. 

1905. §Murray, Lady. Sunnyside, Oxford. 

1884. JMubbay, Sir John, K.C.B., LL.D., D.Sc., Ph.D., F.R.S., F.R.S.E. 

(Pres. E, 1899.) Challenger I^odge, Wardic, Edinburgh. 

1903. §Murray, Colonel J. D. Rowbottom-square, Wigan. 

1909. {Murray, W. C. University of Saskatchewan, Saskatoon, Sas- 

katehevran, Canada. 

l.'^70. ♦Muspratt, E(iward Knowles. Seatortk Wall, near TAverpool. 

190G. {Myddelton-Gavey, E. H., M.R.C.S., J.P. Stanton Prior, Meads, 
Eastbourne. 

1902. {Myddleton, Alfred. 62 Duncaim-stroet, Belfast. 

1902. *Myer8, Charles S., M.A., M.p. Great Shelford, Cambridge. 

1909. ♦Myers, Henry. The Long House, Leatherhead. 

1906. {Myers, Jesse A. Glengarth, Walker-road, Harrogate. 

1890. ♦Mybes, John L., M.A., F.S.A. (Pres. H, 1909 ; Council, 1909- ), 
Wykoham Professor of Ancient History in the University of 
Oxford. 101 Banbury-roiid, Oxford. 


1886. {Nagel, D. II., M.A. (Local Sec. 1894.) Trinity College, Oxford. 
1892. *Nairn, Sir Michael B., Bart. Kirkcaldy, N.B. 

1890. {Nalder, Francis Henry. 34 Queen-street, E.C. 

1908. {Nally, T. H. Temple Hill, Tcrenurc, Co. Dublin. * 

1905. {iJiapier, Dr^ Francis. 73 Jepiie-strcet, Von Brandis-square, Johan- 
nesburg. • •. 

1872. {Nabes, Admiral Sir G. S., K.C.B., R.N., F.R.S., F.R.G.S. 7 The 
Crescent, Surbiton. 

1909. {Neild, Frederic, M.D. Mount Pleasant House^ Tunbridge Wells, 

1883. ♦Neild, Theodore, M.A. Grange CoiAt, Leominster. 

1898. *Novill, Rev. J. H. N., M.A. The Vicarage, Stoke Gabriel, South 
Devon. • 

1866. ♦Nsvill, The Right Rev. Samuel Tarratt, D.D., P.L.S., Bishop of 
Dunedin, New Zealand. « 

1889. {Neville, F. H., M.A., F.R.S. Sidney College, Cambridge. 

1889. ♦Nowall, H. Frank, M.A., F.R.S., F.R.A.S., Pixifcssor of Astrophysics 
in the University of Cambridge. Madingley Rise, Cambridge. 
1901. {Newman, F. H. Tullio House, Carlisle. 

1889. {Newstead, A. H. L., B.A. 38 Green-street, Bethnal Green, N.E. 
1892. {Newton, E. T., F.R.S., F.G.S. Florence House, Willow Bridge-’ 
road, Canonbury, N. 

1908. {Nicholls, W. A. 11 Vernhara-road, Plumstead, Kent. 

1908. {Nichols, Albert Russell. 30 Grosvenor-square, Rathmines, Co. 
Dublin. 

1887. {Nicholson, John Carr, J.P. Moorheld House, Headingley, Leeds. 

1884. {Nicholson, Joseph S., MiA., D.Sc. (Pres. F, 1893), Professor of 

Political Economy in the University of Edinburgh. 
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1908. §Nicholso]i, J. W. Trinity CoDego, Cambridge. 

1908. ^ JNixon, Sir Christopher, Bart., M.D., LL-D., D.L. 2 Merrion- 

squarc, Dublin. 

1863. ♦Noble, Sir Andrew, Bart., K.C.B., DjSc., F.R.S., F.R.A.S.. F.C.S. 

(Pros. G, 1890 ; Council, 1903-00 ; Local Sec. 1863.) Elswick 
Works, and Jesmond Dene House, Newelistle-iipon-Tyne. 
1863. §Norman, Rev. Canon Alfred Merle, M.A., D.C.L., LL.D., F.R.S., 
F.L.S. The Rod House, Berkliamsted. 

1888. JNorman, George. 12 Brock-street, Bath. 

1883. ♦Norris, William G. Dale House, Coal brookd ale, R.S.O., Shropshire. 
1804. §Notcutt, S. a., LL.M., B.A., B.Sc. (l.<ocal Sec. 1895.) Constitu- 
tion-hill. Ipswich. 

1903. JNoion, Jolm. 45 Part-street, Southport. 

1909. jNugeiit, K S. 81 Notre Damc-a venue, Winnipeg, Caniula. 

1910. §Nunn, T. Percy, M.A., D.Se. I.iOndon Day Training College, 

Soothain pton-row, W.C. 

1908. §Nutting, Sir John, Bari. St. Helen’s, Co. Dublin. 


\S9ft. ’^O’Brien, VoTih. Pyrtord, Surrey. 

1908. {O’Carroll, Joseph, M.D. 43 MLcrriou-squarc Rast? ViahVrn. 

1883. JOdgors, William Blake, M.A., LL.D., K.C. 15 Old-square, 
Lincoln’s Inn, W.C. 

1910. ♦Odling, Marmaduke, B.A.. F.G.S. 15 Norha in -gardens, Oxford. 

1858. *Odlino, William, M.B., F.R.S., V.P.C.S. (Pres. B, 1864 ; Council, 
1865-70), Waynflete Professor of Chemistry in the University 
of Oxford. 15 Norham-gardens, Oxford. 

1908. gO’Farrell, Thomas A., J.P. 30 Lansdowno-road, Dublin. 

1902. |Ogden, James Neal. (3arcinont, Heaton ( Jiapol, Stockport. 

1876 . JOgilvier Campbell P. Lawford-placc, Manningtrce. 

1885. JOoiLviE, F. Grant, C.B., M.A., B.Sc., F.R.S.K (Ix)cal Sec 
1892.) Board of Education, S.W. 

1905. ♦Oke, Alfred Williavi, B.A., LL.M., F.G.S., F.L.S. 32 Denmark- 
villas, Hove, Brighton. 

1905. §OkqJl, Samuel, F.R.A.S. Overley,* Langham-road, Bowdon, 
, Cheshire. > , 

1908:^§Oldhara, Charles Hubert, B.A., B.L., Professor of Commerce in 
the National University of Ireland, .5 Victoria-terrace, Rath- 
gar, Dublin. 

1892. {Oldham, H. Yule, M.A., F.R.G.S., Lecturer in Geography in the 

University of Cai-hbridge. King’s College, Cambridge. 

1893. ♦Oldham, R. D., F.G.S., Geological Survey of India. Caro of 

Messrs. H. S. King & Co., 9 Pall MVll, S.W. 

1863. {Oliver, Daniel, LL.D., F.R.S., F.L.S., Emeritus Prpfossor of 
• Botany in University College, London. 10 Kow Gardens- 
road, Kew, Surrey. 

1887. {Oliver, F. W., D.Sc., F.R.S., F.L.S. (Pres. K, 1906), Professor 
of Botany in University College, I.<ondon, W.C. 

1889. {Oliver, Professor Sir Thomas, M.D. 7 Ellison -place, Nowcastle- 
upon-Tyno. 

1882. §Olsen, O. T., D.Sc., F.L.S., F.R.A.S., F.R.G.S. 116 St. Andrew’s- 
terrace, Grimsby, 

1880. ♦Ommanney, Rev. E. A% St. Michael’s and All Angels, Portcea, 
Hants. 

1908. {O’Neill, Rev. G., M.A. University College, St. Stephen’s Green, 
Dublin. 

1902. {O’Neill, Henry, M.D. 6 College-square East^ Belfast. 
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1902. JO’Reilly, Patrick Joseph. 7 North Earl-stroet, Dublin. 

1905. JO’Riley, J. C. 70 Bamet-street, Gardens, Cape Town. • 

1884. *Orpen, Rev. T. H., M.A. The Vicarage, Groat Shelford, Cambridge. 
1901. JOrr, Alexander Stewart. 10 Modows-strect, Bombay, India. 

1905. JOrr, Professor John. Transvaal Tcclmical Institute, Johannes- 
burg. • 

1909. §Orr, John B. Crossacres, Wool ton, Liverpool. 

1908. *Orr, William. Jlungarvan, Co. Waterford. 

1904. ♦Orton, K. J. P., M.A., Ph.D., Professor of Chemistry in University 

College, Bangor. 

1910. §Osborn, T. O. B., B.Sc. The University, Manchester. 

1905. {Gsborn, Philip B. P.O. Box 4181, Johannesburg. 

1901. JOsbome, W. A., D.Sc. University College, W.C. 

1908. JO’Shaughnessy, T. L. 04 Fitzwilliam -square, Dublin. 

1887. JO’Shea, L. T., B.Sc. University College, Shetlield. 

1805. ♦Osier, JFTonry F. Coppy-hill, Linthurst, near Bromsgrovo, Bir- 
mingham. 

1884. JOsLER, William, M.D., LL.D., F.R.S., Regius Professor of Medicine 
in th» University of Oxford. 13 Norham-gardons, 
Oxford. 

1881. *Ottewell, 9^1fred D. 14 Mill Hill-road, Derby. 

1^96. 1[.Ou\ton, W. Hillside, Gateacre, Liverpool. 

\90b. ^.Owen, R.ov . V.. O. VciWs VotV.. 

1903. ♦Owen, Edwin, M.A. Terra Nova School, Birkdalc, Lancashire. 
1896. JOwen, Peter. The Elms, Capenhurst, Chester. 

1910. *Oxley, A. E. Rose Hill View, Kim borworth -road, Rotherha«’ 


1909. JPaco, F. W. 388 Wellington-crescent, Winnipeg, Qanada. 

1908. jPack-Bcrcsford, Denis, M.R.I.A. Fenagh House, Bagenalstown, 

Ireland. 

1906. §Pago, Carl D. Wyoming House, Aylesbury, Bucks. 

1903. ♦Page, Miss Ellon I va. Turret House, Fclpham, Sussex. 

1883. JPage, G. W. Bank House, Fakenham. 

1870. *Palgrave, Sir Robert Harry Inglis, F.R.S., F.S.S. (Pres. F, 
* 1883.^ Henstead Hall, Wrentham, Suffolk. 

1896. jiPallis, Alexander. Tatoi, Aigburth -drive, Liverpool. 

1878. ♦Palmer, Joseph Edward. Royal Societies Club, St. James’s-strect, 

S.W. 

1866. §Palmer, William. Waverley House, Waverley-stroet, Notting- 
ham. * 

1880. *Parke, George Hoiyy* F.L.S., F.G.S. Care of W. T. Cooper, l^sq., 
Aysgarth, The Mall, Southgate, N. 

1904. JPrf.RKER, E. H., M.A. Thornoycreek, Herschel-road, Cambridge. 

1905. JParker, Hugh. P.O. Box 200, Pietermaritzburg, Natal. • 

1905. JParkcr, John. 37 Hout-street, Cape Town. 

1909. §Parker, M. a., B.Sc., F.C.S. (Loc.al See. 1909), Professor of 

Chemistry in the tJniversity of Manitoba, Winnipeg, Canada. 
1891. JParkeb, William Newton, Ph.D., F.Z.S., Professor of Biology in 
University College, Cardiff. 

1905. ♦Parkes, Tom E. P.O. Box 4580, Johannesburg. 

1899. ♦Parkin, John. Blaithwaite, Carlisle. 

1905- ♦Parkin, Thomas. Blaithwaite, Cariislo. 

1906. §Parkin, Thomas, M.A., F.L.S., F.Z.S., F.R.G.S. Fairseat, High 

Wickham, Hastings. ^ 

1879. ♦Parkin, William. The Mount, ShefBeld. 

1903. §Parry, Joseph, M.lnst.C.E. Woodbury, Waterloo, near Liverpool. 
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1908. JParry, W. K., M.Inst.C.E. 6 Char1emont>tep'aGc, Kingstown, 
• Dublin. ^ 

1878. JParsons, Hon. C. A.. C.B., M.A., Sc.D., F.R.S., M.Inst.C.E. 

(Pres. G, 1904.) Holeyn Hall, Wylam- 05 i-T 3 me. , 

1904. t Parsons, Professor F. G. St. Thomas’s Hospital, S.E. 

1905. *Parsons, Hon. Geoffrey L. Northern Ck)unti^ Club, Newcastle-on - 

Tjoie. 

1898. ^Partridge, Miss Josephine M. 15 Grosvenor-crescont, S.W. 

1887. JPaterson, A. M., M.D., Professor of Anatomy in the University 
of Liverpool. 

1908. JPaterson, JVl., LL.D. 7 Haltoii-place, Edinburgh. 

1909. {Paterson, William. Ottawa, Canada. 

1897. {Paton, D. Noi‘1, M.D. Physiological Laboratory, The University, 

Glasgow. 

1883. *Paton, Rev. Henry, M.A. Airtnocli, 184 May field-road, Edinburgh. 

1884. *Paton, Hugh. Box 2400, Montreal, Canada. 

1908. §Paiten, C. J., M.A., M.D., »Se.D. ’Ibo University, 8‘ioflield. 

1902. {Patterson, R. Glen hank, Hollywood, Co. Down. 

1874. {Patterson, W. H., M.R.I.A. 2(5 High-street, Belfast. 

1879. *Patzer, F. R. Cla^don Loflgc, Neweastlc, Staffords) f re. 

1883. {Paul, George. 32 Harlow Moor-drive, Harrogate'. 

180.3. {Pavy, Fredtsutck M.D., IjL.D., F.R.S. 35 Grosvenor- 

stroct, W. 

Standard Iron Works, Colchester. 

1887. *Paync, Miss Fid\\\\ Amue. '\\a\e\V\a\\dv=i, t'AvoWw\d, Wayward' a 

Ifeath. 

1877.. *Payne, J. C. Charles, J.P. Albion-place, Tlic Plains, Belfast. 

1881. {Payne, Mrs. Albion-plaec, The Plains, Belfast. 

1888. *Paynte 5 , J. B. Hendford Manor, Yeovil. 

1870. {Peace, G. H., M.Inst.C.E. Monton Grange, E<;eles, near Man- 
• che.ster. 

1906. {Peace, Miss Gertrude. 39 Westbourne-road, Sheffield. 

1885. {Peach, B. N., F.R.S., F.R.S.E., F.G.S. Geological Survey Office, 

Georgo-s(jiiare, Edinburgh. 

1886. *PoaTco, Mrs. Horace. Collingw'ood, Ma’hby-road, West Malvern. 

1905. tPearse, S. P.O. Box f49, Johannesburg. ^ 

1883. f Pearson, Arthur A., C.M.G. Hillsborough, HcaOi-road, Petersficld, 
Hampshire. 

1893. *Pcarson, Charles E. Hillcrcst, Lowdham, Nottinghamshire. 

1898. {Pearson, George. Bank -chambers, Baldwin -street, Bristol. 

1905. §Pearson, Professor H. ff. W., M.A., F.L.S. South African College, 
Cape Town. 

1883. {Pearson, Miss Helen E. Oakhurst, Birknlale, Soiitliport. 

1900. {Pearson, Joseph. The University, Liverpool. « 

1904. {Pearson, Karl, M.A., F.R.S., Professor of Applied Mathematics in 
University College, T,<ondon, W.C. 

1909. §Pearson, William. Wellington-crescent, VV^innipeg, Canada. 

Peckitt, Henry. Carlton Husthwaitc, Tliirsk, Yorkshire. 

1855. ♦Peokover, Lord, J.L.D., F.S.A., F.L.S., F.R.G.S. Bank House. 
Wisboch, Oaifibridgeshire. 

1888. {Peckover, Miss Alexandrina. Bank House, Wisbech, Cambridge- 
shire. 

1885. {Peddie, William, Pli.D., F.R.S.E., Prof(‘ssor of Natural Philosopliy 
in University College, Dundee. 

1884. {Peebles, W. E. 9 Nortl^ Frederick-streot, Dublin. 

1878. ♦Peek, William. 4 Carlyle -mansions, Brunswick -place. Hove. 

1901. *Peel, Hon, William, M.P. 13 King’s Bench-walk, Temple, E.C# 
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1905. §PeirBon, J.^Waldie. P.O. Box 661, Johannesburg. 

1906. § Pemberton, Gustavus M. P.Q. Box 93, Johannesburg. 

1887. JPendlbbuby, William H., M.A., F.C.S. (Local Sec. 1899.) 

Woodfoi^ HouSl», Mountfiolds, Shrewsbury. 

1894. ftengelly. Miss. Lamoma, Torquay. 

1896. {Pennant, P. !•. Nantlys, St. Asaph. 

1898. JPercival, Francis W., M.A., P.R.G.S. 1 Chesham-street, S.W. 

1908. JPercival, Professor John, M.A. University College, Reading. 

1905. {Peringuey, L., D.Sc., F.Z.S. South African Museum, Cape Town. 

1894. {Perkin, A. G., F.R.S., F.R.S.E., F.C.S., F.I.C. 8 Montpelier- 

terrace, Hyde Park, Leeds. 

1902. *Perkin, F. Moll wo, Ph.I). The Firs, Hengrave-road, Honor Oak 

Park, S.E. 

1884. {Perkin, William Henry, LL.D., Ph.D., F.R.S., F.R.S.E. 

(Pres. B, 1900 ; Council, 1901-07), Professor of Organic 
Chemistry in the Victoria University, Manchester. Fair- 
view, Wilbraham-road, Fallowfiold, Manchester*, 

1864. ♦Perkins, V. R. Wotton-under-Edge, Gloucestershire. 

1898. *Perman, E. P,, D.Sc. University CfJlego, Cardiff. 

1909. {Perry, Rov". Professor E. Guthrie. 246 Kennody-strect, Winnipeg, 

Canada. 

1874, *Perry, John, M.E., D.Sc., LL.D., F.R.S. (General Treasurer, 
1904- ; Pros. G, 1902 ; Council, 1901-04), Professor of 

Mechanics and Mathematics in the Imperial College of Science 
and Technology, S.W. 

1904. *Perfcz, Miss D. F, Al. 2 Cranmer-road, Cambridge. 

1900. ♦Petavel, J. E., M.Sc., F.R.S., Professor of Engineering in the 

University of Manchester. 

1901. {Pethybridge, G. H. Royal College of Science, Dublin. 

1910. *Peti'escu, Lieutenant Dimitrio, R.A., B.Eng. Caix) of Popp, 

Corabia, Roumania. 

1895. {Petrie, W. Al. Flinders, D.C.L., F.R.S. (Pres. H, 1895), Professor 

of Egyptology in University College, W.C. 

1871. *Peyton, John E. H., F.R.A.S., F.G.S. Vale House, St. Hclier’s, 
Jersey. * ^ 

1863. *PpBNE, John Samuel, LL.D., F.S.Ah F.G.S., F.R.G.S. 6 Carlton- 
terrace, Oakley-street, S.W. 

1903. {Philip, James C. & Westfiold-terrace, Aberdeen. 

1905. {Philip, John W. P.O. Box 215, Johannesburg. 

1853. ♦Philips, Rev. Edward. Hollington, Uttoxeter, Staffordshire. 

1877. §Philips, T. Wishart. Elizabeth f^odge. Crescent-road, South 
Woodford, Essex. 

1905. {Philliraore, Miss C.*^M. Shiplake House, Honley-on-l?hames. 

1899. ♦Phillips, Charles E. S., F.R.S.E. Castle House, Shooter’s Hill, 

Kent. 

1894. {Phillips, Staff-Commander E. C. D., R.N., F.R.G.S. 14 Har- 
greaves-buildings, Chapel-street, Liverpool. 

1910. ♦Phillips, P. P., Ph.I)., Professor of Chemistry in the Thomason 
Engineering College, Rurki, United Provinces, India. 

1890. {Phillips, R. W., M.A., D.Sc., F.L.S., Professor of Botany in Uni 
versity College, Bangor. 2 Snowdon- villas, Bangor. 

1909. ♦Phillips, Richard. 15 Dogpole, Shrewsbury. 

1995. XPhillp, MisH M. E, de JK., B,Sc. 12 Crescent-grove^, Olapham^ E.W, 

1883. ♦Pickard, Joseph William. Oatlands, Lancaster. 

1901. §Pickard, Rol)ert H., D.Sc. Bi Hinge View, Blackburn. 

1885. ♦Pickering, Spencer P. U., AI.A., F.R.S. Harpenden, Herts. 

1884. ♦Pickett, Thomas E., M.D. Maysville, Mason Co., Kentucky, U.S. A. 
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10Q7- iPiokles, A. R., M.A. Todmo:^en*road» Burnley: 

1888.* *Pidgeon» W. B. Lynsted Lo<^» St. Edmimd* s-terrace^ Reoent’B 
Park, N.W. • * 

1865. tPEKB, L. OwBN. 10 Ghester-terrace, ^gentVPark, N.W. * 

1896. ^Ikington, A. C. Bocklands, Eainhill, Lanc^ire. 
m)6. tPilling, Arnold. Royal Observatory, Gape Town. 

1896. ^Pilling, William. Rosario, Heene-road, West ^Vorthing. 

1905. tPim, Miss Gertrude. Gharleville, Blackro^k, Co. Dublin. 

1908. *Pio, Professor D. A. 14 Levertou-street, Kentish Town, N.W. 

1908. {Pirrie* The Right Hon. Lord, LL.D., M.InBt.C E. Downshire House, 

Belgravo-squaro, S,W. 

1909. tPitblado, Isaac, K.G. 91 Balmoral-place, Winnipeg, Canada. 

1893. *PiTT, WA.LTBB, M.ln8t.G.E. Lansdown Grove Lodge, Bath. 

1908. §Pixcll, Miss Helen L. M. St. Faith’s Vioarago, Stoke Newington, N. 
1900. ^Platts, Walter. Fairmount, Bingley. 

1898. §Plummer, W. E., M.A., F.R,A.S. The Observatory, Bidston, 
Birkenhead. 

1908. :|;Plunkett, Count Q. N. National Museum of Science and Art, 
Dublin. • 

1908. tPlunkett, Colonel G. T., C.B. Belvedere Lodge, Wimbledon, S.W. 

1907. *Pj-.unkett, Right Hon. Sir Horace, K.C.V.O., M.A., P.R.S. 

Kilteragh, Foxrock, Co. Dublin. 

1900. *Pocklmgton, H. Caboum, M.A., D.Sc., F.R.S. 11 Regent Park- 
terrace, Leeds. 

1904. JPollard, William. 12 Aberdare-gardens, South Hampstead, N.W. 

1908. {Pollok, James H.. D.Sc. 6 St. James’s -terrace, Clonshea, 

• Dublin. 

1906. ♦Pontifex, Miss Catherine E. 7 Hurlingham-court, Fulham, S.W. 

1907. {Pope, Alfred, F.S.A. South Cburt, Dorchester. 

1900. ’^PoPB, W. J., F.R.S., Professor of Chemistry in the University of 

Cambridge. 

1892. {Popplowell, W. C., M.So., Assoc. M. Inst. C.E. Bowden-lane, 
Marple, Cheshfiro. 

1901. §Porter, Alfr^ W., B.So. 87 Parliamenl^ Hill-mansions, Lissenden- 

^gardens, N.W. 

1883. fPorter, Rev. C. T., LLTD., D.D. All Saints’ Visarjj^e, Southport. 

1905. gPoRTBR, J. B., Ph.D., M.Inst.C.E., Professor of Mining Engineering 

in the McGill University, Montreal, Canada. 

1905. JPorter, Mrs. McGill University, Montreal, Canada. 

1883. JPoTTEB, M. C., M.A.,^P.L.S., Professor of Botaiy in the Arm- 
strong Collie, Newcastle-upon-T^o. 13 Highbury, New- 
castlo-upon-Tyno. • 

1906. JPotter-Kirby, Alderman George. Clifton Lawn, York. 

1907. JPotts, P. A. University Museum of Zoology, Cambridge.* 

1908. *R>tts, George, Ph.D., M.Se. Q;:©y University College, Bloem- 

fontein, Soutli Africa. ^ 

1886. *Poui/roi!r, Edward B., M.A., F.R.S., F.L.S., F.G.S., P.Z.S. (Pres. D, 
1896 ; Council, 1896-1901, 1005- ), Professor of Zoology in 
the University of Oxford. Wykeham House, Banbury-road, 
Oxford. 

1905. .{Poulton, Mrs. Wykeham House, Banbuiy-road, Oxford. 

1898. ♦Poulton, Edward Palmer, M.A. Wykeham House, Banbuzy^resd, 
Oxford. * 

1905. IPoulton, Miss. Wykeham House, Banbury-road, Oxfo^. 

1905. iPoulton, Miss M. Wykeham House, Banbury-road, Oj^ord. 

1873. IPoweU, Sir Francis S., Bart,, F.R.G.S. Horton Old Hall, 
Yorkshire ; and 1 tiuiibzzdge«square, W. 
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1894. ♦Powell, Sir Ritjh^ipd Douglas, Bart., M.D. 62 Wimpole-atreet, 
Cavondish'-square, W. 

1887. SPownall, George Birohin-lane, E.C. 

1883, JfPoYNTiNG, #. H., D.So., P.R.S. (Pres. A, 1899), ProfgsBor of 

Physicsin the University of Birmingham. 10 Ampton-roa^ 
Edgbaston, Birmingham. 

1908- IPracger, R. Lloyd, B.A., M.R.I.A. Lisnamae, Rathgar, Dublin. 

1907. *Pbain, Lieut..Ool. David, C.IE., M.B., P.R.S. (Pres. K, 1909 ; 

Council, 1907- .) Royal Gardens, Kew. 

1884. ♦Prankerd, A. A., D.C.L. 66 Banbury-road, Oxford. 

1906. IPratt, Miss Edith M., D.Sc. The Woodlands, Silverdale, Lancashire. 
1869. *Pbbecb, Sir William Henry, K.C.B., F.R.S., M.Inst.C.E. 

(Pros. G, 1888 ; Council, 1888-95, 1896-1902.) Gothic Lodge, 
Wimbledon Common, S.W. 

1888. ♦Preece, W. Llewellyn. Brim Helen, Woodborough-road, Putney, 

S.W. 

1904. gPrentice, Mrs. Maniung. Thelema, Undercliff-road, Felixstowe, 
J892. fPrentice, Thomas. Willow Park, Greenock. 

1910. §Pbbscott, R? M. (Tx)cal See., 1910.) Town Hall, Sheffield. 

1906. {Prosaly, D. L. Coney-street, York. 

1889. ^Preston, Alfred Eley, M.Inst.O.E., F.G.S. 14 The Exchange, 
Bradford, Yorkshire. 

1903. IPrice, Edward E. Oaklands, Oaklands-road, Bromley, Kent. 

1888. JPbicb, li. L. F. R., M.A., F.S.S. (Pres. F, 1895 ; Council, 1898- 

1904.) Oriel College, Oxford. 

1876. *Price, Rees. 163 Bath -street, Glasgow. 

1897. *PRiCB, W. A., M.A. 38 Gloucester-road, Teddington. 

1908. IPrieatley, J. li. University College, Bristol. 

1909. ♦Pritvoe, Professor E. E. Ottawa, Canada. 

1905. tPrinco, .lames Perrott, M.D. Durban, Natal. 

1889. *Pritcliajd, Eric Law, M.D., M.R.C.S. 70 Fairhazel-gardens, South 

Hampstead, N.W. 

1876. ♦Peitohabd, Urban, M.D., F.R.C.S. 23 Wimpole-street, W. 

1881. §Procter, John William. Ashcroft, York. 

1884. ♦Pcoudfoot, Alexander, M.D. 100 State-street, Chicage, U.S.A. 
1879. ♦Prouse, Osr^ald Milton, F.G.S. Aldington, Ilfracom&3. 

1872. *Pryor, M. Robert. Weston Park, Stevenage, Herts. 

1867. ♦Pullar, Sir Robert, M.P., F.R.S.E. Tayside, Perth. 

1883. *Pullar, Rufus I)., F.G.S. Bralian, Perth. 

1903. §Puilon-BuiTy, Miss. Lyceum Club, 128 Piccadilly, W.* 

1904. JPunnett, R. C., M.A., Professor of Biology in the University of 

, Cambridge. ^Caius CoUego, Cambridge. 

1905. JPurcell, W. F., M.X., Ph.D. South African Museum, Cape Town. 

1905. JPurcell, Mrs. W. F. South African Museum, Cape Town. 

1886. JPuBDiB, Thomas, B.So., Ph.D., F.R.S., Professor of Chemistry in the 
University of St. Andrews. 14 South-street, St. Andrews, N.B. 
1881. JPuT^-Cust, Very Rov. Arthur Pcrcival, M.A., Dean of Yoik. The 
Deanery, York. 

1884, ♦Purves, W. Laidlaw. 20 Stratford-place, Oxford-street, W. 

1905. tPurvis, Mr. P.O. Box 744, Johannesburg. 

1860. ♦Pusey, S. E. B. Bouverie. Pusey House, Faringdon. 

1898. *Pye, Miss E. St. Mary’s Hail, Rochester. 

1883. §Pye-Smith, Arnold. 32 Queen Victoria-street, E.C. 

1883. fPye-Smith, Mrs. 32 Queen Victoria-street, E.C. 

1868, IPye-Smith, P. H., M.D., F.R.S. 48 Brook-street, W. ; and Guy’s 

Hospital, S.E. 

1879. {Pye-Smim, R. J. 360 Glossop-rood, Sheffield, 
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1893. JQuick, James. 22 Bouverie-road West, E^lkostonc. 

1909. *Quiggin, Mrs. A. Hingston. 88 Hartington-grove, Cambridge. 


1879. ^Radford, B. Hober* 15 St. James’s-row, Sheffield. 

1855. ^Badstock, The Bight Hon. Lord. Mayfield, Woolslion, Southampton. 
1887. ’■'Bagdale, John Rowland. ^ The Beeches, Stand, near Manchester. 
1905. IBaine, Miss. P.O. Box 788, Johannesburg. 

1905. ipBaino, Bobeit. P.O. Box 1091, Johannesburg. 

1898. ’'‘Raisin, Miss Catherine A., D.So., Bedford College, York-ploce, 
Baker-street, W. 

1896. *Bamaqb, Hugh, M.A. The Technical Institute, Norwich. 

1894. *Rambatjt, Abthijb A., M.A., D.Sc., F.R.S., F.R.A.S., M.R.l.A. 

RadcHffo Observatory, Oxford. 

1008. :|:Rambaut, Mrs. Radclifio Observatory, Oxford. 

1870. *RAlnsAy, Sir William, K.C.B., Ph.D., D.Sc., F.R.S. (Piiksidfnt 
Elbcjt ; Pres. B, 1897 ; Council, 1891-98), I^ofessor of 
Chemistry in University College, l^ndon. 19 Chester-terrocc . 
Regent’s Park, N.W. • 

1883. JRamsay, Lady. 19 Chester-terraoo, Regent’s IJp,rk, N.W. 

1869. *Ranco, H. W. Hennikcr, LL.D. 10 Castletown -rood, W. 

1907. tRankirie, A. O. 21 Drayton-road, West Ealing, W. 

1868. *Ransom, Edwin, F.R.G.S. 24 Ashburnham-rood, Bedford. 

1801. JRansomb, Abthur, M.A., M.D., F.R.S. (Tx)cal Sec. 1861.) 

137 Church-street, Clielsea, S.W. 

1903. §Rastal], R. IT. Christ’s College, Cambridge. 

1898. *Rathbone, Miss May. Backwood, Neston, Cheshire. 

1874. JRavenstein, E. G\, F.R.G.S., F.S.S. (Pres. E, 1891.) 2 York- 
mansions, Battersea Park, S.W. 

1008. *RawoTth, Alexander. Fairholm, Uppingham-roiMi, Leicester. 

1905. ^:RawBon, Colonel Herbert H., 1\.H. A^rmy Headquarters, Pretoria. 
1868. *RAYLBtan, Tl)o Right Hon. Tx)rd, O.M., M.A., D.C.U, TjL.D., 
F.R.S., P.R.A.S., F.R.G.S. (Pbbsidbnt, 1884 ; Trustee, 
1883- ; Pres. A, 1882 ; Council, 1878-83), Professor of 

• Natural Philosophy in the Royal Institution, London. Torling 
Place, Witham, tfssex. • • 

1883. ^Rayne, diaries A., M.D., M.R.C.S. St. Mary’s Gate, Lancaster. 

1897. *Rayner, Edwin Tlartroo, M.A. 40 Gloncc.ster-road, Toddington. 

Middlcscx. 

1907. §Roa, Carkton, B.C.L. 34 Foregate-streot, Worcester. 

1896. ♦Read, ChaulbsII., LIT.D., F.S.A. (Pro- 1899.) British Museum, 
W.C. 

1902. iRea<le, R. H. Wilmount, Dunmtirry. 

1884. §Readman, J. B., D.Sc., F.R.S.E. Staffield Hall, Kkkoswald, 

• R.S.O., Cumberland. 

1852. *Redfebn, Professor Peteb, M.D. (Pres. D, 1874.) Templepatrick 
House, Donaghadcc, CJo. Down. 

1890. *Reclwood, Sir Boverton, F.R.S.E., F.C.S. Wadham Lodge, 

Wadham-gardens, N.W. 

1908. {Reed, Sir Andrew, K.C.B., C.V.O., LL.D. 23 Fitzwilliaiu-square, 

Dublin. 

1905. * §Reed, J, Howard, F.R.O.S. 16 St. Mary’s Parsonage, Manchester. 

1891. *Reed, Thomas A. Buttf Docks, Cardiff. 

1894. *Ree8, Edmund S. Q. Dunscar, Oaken, near Wolverhampton. 
1891. ♦Rees, I. Trehame, M.Iii§t.C.E. Blaenypant, near Newport, Mon- 
mouthshire. 

1903. ^Reeves, E. A., F.R.G.S. 1 Savile-row, W. 
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1906. ’I'Reichel, Sir H. R., LL.D., Princiml of University College, Bangor. 
PenraJlt, Bangor, North Walos. 

1910. *Reid, Alfred, M.B., M^R.O.S. Kuala Lumpur, Selangor. 

1901. ♦Reid, Andr©w«T. 10 Woodside-terraco, Glasgow. 

1904. {Reid, Arthur H. . 30 Welbeck-strect, W. 

1881. §Roid, Arthur's., M.A., P.G.S. Trinity College, Glonalmond, 
N.B. 

1883. ♦Reid, Clement, P.R.S., F.I 1 .S., P.G.S. 28 Jermyn-street, S.W. 

1903. ♦Reid, Mrs. £. M., B.Sc. 7 St.' James’s-mansions, West End-lane, 

N.W. 

1892. ^Reid, E. Waymoxtth, B.A,, M.B., P.R.S., Professor of Physiology 
in University College, Dundee. 

1908. §RfiiD, Geokge Aeojidall, M.B., CLM., P.R.S.E. 0 Viotoria-road 

South, Sputhsea. 

1901. ♦Reid, Hugh. Belmont, Springbum, Glasgow. 

1901. ‘Reid, John. 7 Park-terrace, Glasgow. 

1909. Reid, Johr. Yoimg. 329 Wellington-orescent, Winnipeg, Canada. 

1904. Reid, P. J. Moor Cottage, Nunthorpe, R.S.O., Yorkshire. 

1897. .Reid, T. Whitehead, M.D. St. George’s House, Canterbury. 

1887. ♦Reid, Walter Francis. Fieldsido, Addlestone, Surrey. 

1876. JReinold, A. W., M.A., F.R.S. (Council, 1890-96). 9 Vanbrugh 

Park-road, Blackheath, S,E. 

1894. IRendall, Rev. G. H., M.A., Liit.D. Charterhouse, Godaiming. 
1891. ♦Rendell, Rev.- James Robson, B.A. Wliinsidc, Whalley-road, 
Accrington. 

1903. ♦Rendlb, Dr. A. B., M.A., F.R.S., F.L.S. 28 Holmbush-road, 

Putney, S.W. 

1889. ♦Rennie, George B. 20 Lowndes-street, S.W. 

1906. :|;Rennie, John, D.Sc. Natural History Department^ University of 
Aterdeen. 

1906. ♦Renton, James Hall. Rowfold Grange, Billinghurst, Sussex. 

1906. tReunert, Clive. Windybrow, Johannesburg. 

1906. JReunert, John. Windybrow, Johannesburg. 

1904. {Reunebt, Theodore, M.Inst.C.E. P.O. Box 92, Johannesbura. 

1905. SReyersbac’b, Ix)uis.' Care of Messrs. Wemlier, Beit, & 

1 Lon lop Wall-buil<lings, E.C. 

1883. ♦Reynolds, A. H. 271 Lord-sti*e©t, Southport. 

1871. ^Reynolds, James Em'srson, M.D., D.So., F.R.S., F.C.S., 
M.R.I.A. (Pros. B, 1893 ; Council, 1893-99.) 3 Jnverness- 
gardens, W. 

1900. ♦Reynolds, Miss K. M. 8 Dam]oy-ro4d, Notting Hill, W. 

1870. ♦Reynolds, Osborije, M.A., LLD., F,R.S., M.lnst.C.E. (Pros. G, 
1887.) St. Deouman’s, Watohet, Somerset. 

1906. JRetynolds, S. H., M.A., Professor of Geology and Zoology in 

tlie University of Bristol. o 

1907. iRoynolds, W. BirstoU Holt, near I^icester. 

1877. ♦Rlmdes, John. 360 Blackbum-road, Accrington, Lancashire. 

1899. ♦Rhys, Professor Sir John, D.So. (Pres. H, 1900.) Jesus College, 

Oxford. 

1877. ♦Ricoardi, Dr, Paul, Secretary of tihe Society of Naturalists. Riva 
Muro 14, Modena, Italy. 

1906. §Rich, Miss Florence, M.A. Granville School, Granville-road, 

** Leioester. 

1906. tRiohords, Rev. A. W. 12 Bootham-terrace, York. 

1869. ^Riohardson, Cliarles. 3 Cholmley-yillas. Long Ditton, Surrey* 

1889. tRiohardson, Huj^ M.A. 12Bt. Mary’s, York. 

1884. ♦Riohaidson, J. Clarke. Derwen Fawr, Swansea^ 
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1896. ^Bichardson, Nelson Mooro, B.A., F.K.S. Montevideo, Chiokerell, 
^ near Wwaiouth. 

1601. ^Bichmrdson, rfofoss6r Owen Willans. 2«5 Bonk-strcct, Princotown, 
N.J., U.S.A. a • 

1876. '§Riohardson, Y^Uiam Haden. City Glass Works, Glasgow. 

1883. '''IlioEA]:i, Samuel, D.So., F.C.S. ' 28 Victori^streot, S.W. 

1902. §Rn)aEWAY, William, M.A., D.Litt., F.B.A. (Pres. H, 1908), 

Professor of Archseolow in tlip University of Cambridge. 
FleQdysho^ Fen Ditton, Cambridge. 

1894. {Rioley, E. P., F.G.S. (Local Sec. 1895.) Burwood, Wostoriicld* 

road, Ipswich. 

1881. *Rigg, Arthur. 150 Blomfield-torrace, W. 

1883. ♦Riaa, Edward, I.S.O., M.A. Royal Mint, E. 

1910. §Ripper, William, Professor of Engineering in the University of 
Sheffield. 

1892. tRintoul, D., M.A. Clifton College, Bristol. « 

1906. ];Ritcliie, Professor W., M.A. South African College, Capo Town. 

1903. *Rivers, W. H. R., M.D., F.R.S. St. John’s College, Cambridge. 

1908. ♦Roaf, Herbert E., M.D., l>.So. Physiological Department, 'JTio 

University, Liverpool. 

1898. *Robb, Alfred A. lisnabrcoay I^uao, BolfasU 

1902. ♦Roberts, Bruno. 30 St. George’s-square, Regent’s Park, N.W. 
1887. *Roberts, Evan. 30 St. Georgo’s-squaro, Regent’s Park, N.W. 

1881. ^Roberts, R. D., M.A., D.Sc., F.G.S. University of I-ondon, South 

Kensington, S.W. 

1895. j:Roberts, Thomas J. Ingleside, Pork-road, Huyton, near Liverpool. 
18^7. §Robebtson, Sir Georob S., K.C.S.I. (Pros. E, 1900.) 1 Pump- 

court, Temple, E.C. 

1906. {Robertson, Dr. G. W. Office of the Medical Officer of Health, 
Cape Town. 

.1897. §Robertson, Professor J. W., G.M.G., LL.D. The Macdonald 
College, St. Anne de Bellevue, Quebec, Canada. 

1901. ♦Robertson, Robert, B.Sc., M.Inst.C.E. 164 West George-streot, 

Glasgow. « 

1906. {B 9 bertson, Professor T, E. Transvaid Technical Institute, Johan- 
nesburg. # 

ISOOf {Robinson, Charles E., M.Iiist.C.E. Holno Crflbs, AshbuFton, South 
Devon. . 

1909. {Robinson, E. M. 381 Main-street, Winnipeg,,. Canada. 

1903. {Robinson, G. H. 1 Weld-road, Southport. 

1906. {Robinson, Harry. . Duncan’s-chambers, Shortmarket-stroet, Capo 
Town. 

1902, {Robinson, Herbert C. Holmfield, Ai^urth, Liverpool. 

1906. {Robinson, H. H., M.A., P.I.C. 76 Finborough-road, ^W. 

1902. {RobinsQ% James, M.A., F.R.G.S. Dulwich College, Dulwich, S.E. 
1888. IRobinson, John, M.InBt.C.E. 8 Vicarage-terrace, Kendal. 

1908. ♦Robinson, John Gorges. Cragdale, Settle, Yorkshire. 

1910. §BobinsoD, John Haiipreaves. Cable Ship ‘Norseman/ Western 

Telegraph Go., Caixa n^Gorteu No. 117, Pernambuco, BraziL 

1896. ♦Robinson, J oseph J ohnson. 8 Trafalgor-road, Birkdale, Southport. 
1906, {Robinson, Dr. Lelond. 6 Victoria- walk, WcMxistook, Cape Town. 
1899. ♦Robinson, Maxk,.M.Inst.C*E. Parliamcnt-ehainbcrs, Or<5at Smith- 
street, S.W. * .. , 

1875. ♦Robinson, Robert, M.Bist.G.E. Beechwood, Darlington. 

190& {Robinson, Robert Field House, Ghesterfield. 

1904. {RobinsoEi, Theodore Rf 25 Campden Hill-gardens, W. 

1909. {RobhisoD, Captain W. . 264 Rosl^m-road, Winnipeg, Canada. 
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1909. itllobmson, Mrs. W. 264 Roslyn-road, Winnii)©g, Canada. 

1904. JRobinson, W. H. Kendrick Ifouse, Victoria-road, Penarth. ^ 
1870. ♦Robson, B. R. Palace Chambers, 9 Bridge-street, Westminster, 

S.W. ^ c 

1906. ji^Robson, J. Nalton. The Villa, Hull-road, York. 

’1872, ♦Robson, Wllliirn. 12 Albert-terrace, Edinburgh. 

1886. *Rodger, Edward. 1 Clairmont-gordcns, Glasgow. 

1886. ♦Rodriguez, Epifanio. New Adelphi Chambers, 6 Robert-street, 
Adelphi,W.C. 

1905. {Roebuck, William Denison. 259 Hyde Park-road, Leeds 

1907. {Roeohling, H. Alfred, M.Inst.C.E. 39 Victoria-street, S.W. 

1908. §Rogcrs, A. G. L. Board of Agriculture and Fisheries, 8 Whilehall- 

place, S.W. 

1905. §Rogers, A. W., M.A., P.G.S. South African Museum, Cape Town. 
1898^ {RooEiis, Bertram, M.D. (Local Sec. 1898.) 11 York-place, 

• Clifton, Bristol. 

1907. {Rogers, John D. 85 St. Georgo’s-squivre, S.W. 

1890. ♦Rogers, L. J., M.A.. Professor of Mathematics in the University of 

L^ds. 15 Regent Pork-avenue, Leeds. 

1906. §Rogei's, Rcginfdd A. P. Trinity College, Dublin. 

1909. {Rogers, Hop.. Robert. \Vinnipeg, Canada. 

1884. *Rogers, Walter. Lamorva, Falmouth. 

1876. {Rollit, Sir A. K., B.A., LL.D., D.C.L., F.R.A.S., Hon. Fellow 
K.C.L. 45 Belgrave-squarc, S^W. 

• 1905. {Rooth, Edward. Pretoria. 

1865. ♦Rosoob, The Right Hon. Sir Henry Enfield, B.A., Ph.D., LL.D., 
D.C.L., F.R.S. (President, 1887 ; Pres. B, 1870, 1884 ; 
Council, 1874-81 ; Local Sec. 1861.) 10 Bramham-gardens, S.^. 
1905. {Rose, Miss G. 46 De Pary’s-avenue, Bedford. 

1905. {Rose, Miss G. Mabel. Ashley Lodge, Oxford. ^ 

1883. ♦Rose, J. Holland, Litt.D. Ethandune, Parkside-gardens, Wim? 

bledon, S.W. 

1905. {Rose, John G. Government Analytical J^aboratory, Cape Town. 
1894. ♦Rose, T. K., D.Sc., Chemist and Assayer to the Royal Mint. 
6 Royal Mint, B. 

1905. ♦Rosedale, Rev. H. G,, D.D., F.S.A. 3^ Richmond-mansions, Earl’s 
• Court, aF.W. V. 

1905. ♦Rosedale, Rev. W. E., M.A. Willenhall, Staffordshire. 

1905. {Rosen, Jaoohf 1 Hopkins-street, Yeoville, Transvaal. 

1905. {Rosen, Julius. Clifton Grange, J arvio-street, J eppestown, Transvaal . 

1900. {Rosenhain, Walter, B.A. Park Viev\|: Park-road, Teddiugton. 
1909. {Ross, D. A. 116 Wellington-orescent, Winnipeg, Canada. 

1859. ♦Ross, Rev. James Coalman. Wad worth Hall, Doncaster. 

1908. {Ross, Sir John, of Bladensburg, K.C.B. Rostrevor House, 

Rostrevor, Go. Down. 

li)02. {Ross, John Callender. 46.Holland-streQt, Campaen-hill, W. 

.1901. {Ross, Colonel Ronald, C.B.,F.R.S., Professor of Tropical Medicine 
and Parasitology in the University of Tiverpool. The Uni- 
• versity, liverpool. » 

1891. ♦Roth, H. lang. Briorffeld, Shlbden, Halifax, Yorkshire. 

1905. {Rothkugel, R. Care of Messrs. D. Isaacs & Co., Cape Town. 

1901, *Rottenburg, Paul, LL.D. Care of Messrs. Ix>ister, Bock, &*Co., 

J Glosgow^. 

189^ ♦Round, J. C., M.R.C.S. 10 Crescenl-road, Sjrdenham Hill, S.E. 

1909. {Rounihwaito, C. H. E. Engineer’s Office, Grand Trunk Pacific 

Railway of Canada, Winnipeg.® 

1884. ♦Rouse, M. L. Holly bank, Hayne-road, Beckenhair 



LIST OP* MEMBEKS : 1910. 


71 


YeJI of 
Election. 

1905. §BouBselet» Charles F. 2 Fembridge-crescout, Bayvswater» W. 

1903. ♦Rowe, Arthur W., M.B., F.G.S. 2 Price*s -avenue, Margate. 

1890s fRowley, Walter, M.Inst.C.£., F.S.A. Alderhill, Meanwood, 

1881. ♦Rowntree, Joseph. 38 St. Mail’s, York. 

1910. §Rowse, Arthur A^, B.Sc. Engineering JUbbouitory, Cciui bridge. 
1875, *Rucker, Sir Arthur W., M.A., D.Sc., F.R.S. (President, 1901 ; 

Trustee, 189b- ; General Treasurer, 1891-98 ; Pros. A, 

1894 ; Council, 1888-91.) Evcrington House, Newbury, 

^ -I ** 

18G9. §Rudlbr, F. W., I.S.O., F.G.S. Ethel Villa, Tatsfield, Wcsterham. 
1901. ♦Rudorf, C. C. G., Ph.D., B.So. . Ivor, Cranley-gardons, Muswell 
Hill, N. 

1905. ♦Ruffer, Marc Armand, C.M.G., M.A., M.D., B.Sc. Quarantine 
International Board, Alexandria. 

1905. j:Ruffer, Mrs. Alexandria. 

1904. (Ruhomann, Dr. S. 3 Solwyn^ardens, Cambridge. 

1909. tRumball, Rev. M. C., B.A. Mlordon, Manitoba, Canada. 

1896. *Rundell, T. W., P.R.Mct.Soc. 3 Fcmvick-street, Liverpool. 

1904. IRussell, E. J., D.Sc. Rothamsted Experfmontal Station, Har- 

penden, Herts. 

1875. ♦Russell, The Hon. F. A. R. Steep, Petcrsficld.* 

Russell, John. 39 Mountjoy-square, Dublin. 

1883. ♦Russell, J. W. 28 Staverton-road, Oxford. 

1852. ♦Russell, Norman Scott. Arts Club, Dovcr-street, W. 

1908. JRussell, Robert. Arduagi'cmia, Haddon-road, Dublin. 

1908. {Russeix, Right Hon. T. W., M.P. Olnoy, Terenure, C<.>. Dublin. 
1886. {Rust, Arthur. Eversloigh, Leicester. 

1909. ♦Rutherford, Alexander Cameron. Strathcona, Alberta, Canada. 

1907. §RuTn«RFORD, Ernest, M.A., D.Sc., F.R.S. (Pres. A, 1909), Pro- 

fessor of Physics in the University of Manchester. 

1909. {Rattan, Colonel H. N. Armstrong’s Point, Winnipeg, Canada. 

1908. {Ryan, Hugh, D.Sc. Omdurnjin, Orwell Park, Rathgar, Dublin. 

1905. {Ryan, Pierce. Rd^ebank Hovm, Roscbank, Cape Town. 

1909. {Ryan, Thomas. Assiuiboine-a venue, ^Winnipeg, Canada. 

1906. ♦R^er. Sir Joseph I^ykes. The Mount, York. 


1903. {Sadler, M. E., LL.D. (Pros. L, 1906), Professor of Education in 
the Victoria University, Manchester. Eastwood, Weybridge. 
1883. {Sadler, Robert. 7 L^lworth-road. Birkdalo, Southport. 

1871. {Sadler, Samuel Champernowne. Church House, Westminster, S.W. 

1903. {Sagar, J. The Poplars, Savile Park, Halifax. 

1873. ♦Salomons, Sir David,* Bart., F.G.S. Broomhill, Tunbridge 
Wells. • 

1904. ^Salter, A. B., D.Sc., F.G.S. 12 Clifton-road, Brookley, S.E. 
1901. {Samuel, John S., J.P., F.R,S.E. City Chambers, Glasgow. 

1907. *Sand, Dr. Henry J. S. University College, Nottin^am. 

1907. {Sanding, Miss Cora B. Parkbolme, Elm Park-gardens, S.W. 

Sondes, Thomas, A.B. Sallow Glin, Tarbert, Co. Kerry. 

1896. §San6r, John Arthur, M.In6t.0.£. Highfield, Northwich. 

1890. {Saner, Mrs. Highfield Northwich. 

1903. {Sankey, Captain H. R., R.E., M.Inst.C.E. Palace-chambers, 
9 Bridge-street, S.W. 

1886. {Sankey, Per^ E. 44 Russell-square, W.C. 

1905. {Sargant, £. B. Quopy Hill, Beigate. 

1896. ♦Sargant, Miss Ethel. Quarry Hill, Beigate. 



Yeurof 

EleoUon. 

,1^ Uias A., B.A.‘ Hiigaenot College, WelHngton, 

Cape Colony. 

1907. fSaigent, H. C. Ambergate, near Derby. 

1886. fSaundby, Robert, MJO. 83a £dmiind*street, Birmingham 

1900. 'i'8AxmDaB,S.«i. Mr Holt^ Crowthorne, Berks. . 

1903. *l^unders, Mto B. R. Newnbam College, Cambridge. 

1901. {Sawers, W. iT 1 Athole Gardens-plaoe, Glasgow. 

1887. §Sayob, Rev. A. H., M.A., D.D. (Pres. H, 1887), Professor of 
^ » A^yi^lology in the University of Oxfmrd. Queen’s College. 

Oxford. 

1906. tSayer, Dr. Ettie. 35 Upper Brook-street, W. 

1883. ^Soarborough, George. Whinney Field, Halifax, Yorkshire. 

1903. §SoA^SBBiOK, Sir Charles, J.P. Sbarisbriok Lodge, Southport. 

1903. tSoarisbriok, Lady. Scarisbriok Lodge, Southport. 

1879. ♦SoHAFEB, E. A., LL.D., D.So., P.R.B., M.R.C.S. (General Sec- 

retary, 1895-1900 ; Pres. T, 18<^4 ; Council, 1887-93), 
Professor of Ph3rBiology^ the University of Edinburgh. 

1888. ^SoHABFF, Robert F., Ph.p!rB.So., Keeper of the Natural History 

Department, National Museum, Dublin. 

1880. *Sohemmann, Ifouia Carl. Noueborg 12, Hamburg. 

1905. i^Schonland, S., Ph.D. Albany Museum, Grahamstown, Cape 
Colon^. 

1908. §Schrodier, Dr. E. 3-5 Jocobistrosse, Dusseldorf, Germany. 

1873. *SoHUSTBR, Arthur, Ph.D., F.R.S., F.R.A.8. (Pres. A, 1892 ; 

Council, 1887-93.) Kent House, ViotoriaPork, Manchester. 

1905. ^Sclander, J. E. P.O. Box 465, Cape Town. 

1847. ♦SoLATBR, Philip Lutlby, M.A., Th.D„ F.R.S., F.L.S., F.G.S., 
F.B.G.S., F.Z.S. (General Secretary, 1876-81 ; Pres.* D, 
1875 ; Council, 1864-67, 1872-75.) Odiham Priory, Winch- 
field. , 

1883. *SoLATER, W. Lutlby, M.A., F.Z.S. Odiham Priory, Winchfiold. 

1906. tSolater, Mrs. W, Tm Odiham Priory, Winchfield. 

1881. ^SooTT, Albxandw, M.A., D.Sc., F.R.S , F.C.S. Royal Institu- 

tion, Albemarle-streeL W. • 

1878. *Soott, Arthur William, M. Professor of Mathomatios and Natural 
Science in St. Pavid’s College, Lampeter. • 

1889. ♦ScpTT, D. IJ* M.A., Ph.D., F.R.S., •Pres.L.S. (General Secre- 

tary, l900-03 ; Pres. K, 1890.) East €hsLkley House, O^ley, 
Hants ; and Athenaeum Club, Pall Mall, S.W. 

1867. ♦SooTT, Robert H., M.A., D.So., F.R.S., F.R.Met.S. 6 Elm Park 
gardens, S.W. 

1902. {Scott, William R. The University, Si*. Andrews, Scotland. 

1895. tScott-EUiot, Professor G. F., M.A., B.Sc., F.L.S. Newton, Dum- 
fries. ^ 

1883. {Scrivener, Mrs. Haglis House, Wendover. 

, 1909. {Scudamore, Colonel F. W. Chelsworth Hall, Suffolk. * 

1895. {Sovdl, Miss E. M. L. St. Edmund’s, 10 Worsley-road, Hamp- 
stead. N.W. 

1890. *Searle, G. F. C., M.A.‘, FJt.Sb Wyticote, Hills-road, Cambridge. 
1880. {SbdDwiok, Adah, M.A., F.R.S. (Pres. D. 1899.) 2 Sumner-place, 

S.W. 

1905. {Sedgwick, C. F. Strand-street, Gape Town. 

1906. *See, T. J. J., A.M., Ph,D., F.R.A.S., Professor of Mathematics, 

• U.S. Navy. Naval Observatory, Mare Island, Cahfomia. 

1907. §S^igmann, Dr. C. G. 15 York-terrace, Regent’s Park, N.W. 

1904. {SeU, W.-J. 19 Lensfield-road, Cambridge. 

1909. {Sellars, H. Lee. 225 Fifth-avenue, New York, U.S.A. 
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1888. *SlBNXBB» Autbbd, M.D.» Pfi,D., F C.Sft l^fewr of Chemistry ih 

Queen^s Colie^i. Galw^. 

1888: Alfbbd B., A.M*XQst.C.E. Da£Sebl, aear Derby. 

1870. ^Sephton, Bev. J, 90 Huskiston-^taroetikLiver^l. 

1005. jiSerrurier, Louis C. Ashl^^ Sea Pointy Cape xoum. 

1901. iServioe, Robert. Jauefield Faxk, Mi^eUtOv^, Dumfries. 

1910. JSeton, R. S., B.So. The University, Leeds. 

1895. T*Seioo-Karr, H. W. 31 LingEeld-road, Wimbledon, Suirey. 

1892. ’^Sbwabd, a. C., M.A., F.B.S., F.G.8. (Pres. K, 1903; Council, 

1901-07; Local Sro. 1904), Professor of Botany in the Univer* 
sity of Cambridge. Westfield, Huntingdon-road, Cambridge. 

1899. §Soymour, Professor Heniy J., B.A., F.G.S. University College, 

Earlsfort-terfaoe, Dublin. 

1891. itShaokell, £. W. 191 Newport-ioad, Cardiff. 

1905. ^Shackleford, W. C., M.Inst.M.£. County Club, Lancaster. 

1904. jiShackleton, lieutenant Sir Ernest H., M.V.O., F.K.6.S. 14 South 
Learmonth-gardens, Edinburgh. 

1902. jiSiiAFTESBUBY, The Right Hon. the Earl of, D.L. Belfast Castle, 

Belfast. . 

1901. ’*‘Shakes^ar, Mrs. G. A. 21 Woodland<road, Horthfield, Worcester- 

shire. 

1906. t^hann, Frederick. 6 St. Leonard's, York. 

1878. tSHABP, David, M.A., M.B., F.R.S., F.L.8. Museum of Zoology, 
Cambridge. 

1904. ^Sharpies, George. 181 Great Cheotham-street West, Higher 
Broughton, Manchester. 

1910. §Shaw, J. J. 166 Hill T&p, West Biomwich. 

1889. * *Shaw, Mm. M. S., B.So. BfOokhayoH, Exmoutli. 

1883. ♦Shaw, W. N., M.A., Sc.D.,F.B.S. (Pros A, 190S ; (‘ouucil, 1896- 
1900, 1904-07.) Meteorological Office, 63 Victoiia-stieet, 
S.W. 

. 1S83. IShaw, Mrs. W. N. 10 Moreton-gardeus, South Kensington, S.W. 

1904. JShaw-Phillips, Miss. 70 Westbourne-teir^, Hyde Park, W. 

1903. IShaw-Phillips, T., J.P. 70 Westbourne terraoe, Hyde Park, W. 

1905. iShenstone, Miss A. Sutton Hall, Barcoenbe, Liewes. 

1905. fShenStone, Mrs. A. £. Q. Sutton Hall, Barcombo, Lewes. 

1865. ti^henstone, Frederick S. Sutton HaU, Baroomi^, Lewes. * 

1900. §Sheppard, Thomas, F.G.S. The Municipal Museum, Hull. 

1908. SSheppard, W. F., Sc.D., LL.M. Board of Education, White- 
hall, S.W. 

1905. ISheridan, Dr. Norman. ^OOFranois-street, Bellevue, Johannesburg. 
1883. fSherlook, David. Rahan Lodge, Tullamore, Dublin. 

1883. ISherlock, Mrs. David. Rahan I^dgo. Tttllamoro, Dublin. 

1896. IShbbbikqton, C. S., M.D., D.So., F.R.S. (Pres. I, 1904 ; Council, 

1907- ), Professor of Physiolo^ in the University 5f liver 
pool. al6 Grove-park, LiverpooL 

1888. ♦Shickle, Rev. C. W., M.A., F.S.A. St. John's Ho^ital, Bath. 

1908. ♦Shickle, Miss Mabel G. M.^9 CavendJsbiOTescent, &th. 

1902. ♦Shillington, T. Foulkes, J.P. Drom4rt^ Anirim-road, Belfast. 

18^. ♦Shillitoe, Buxton* F,R.G.S. 20 Sydenham-hill, S.E. 

1887. ♦SHirLBY, Abthub E., M.A., D.So., F.R.S. (Pres. D, 1909; 

. Council, 1904* ), Masteif'of CSirist’s College Cambridge. 

1909. tShipley* J. W., B.A. uidvermty of Manitoba, Winnipeg, Canada^ 

1897. iShobb, Dr. Lewis E. SC John's College, Cambridge. 

1882. iSbobb, T. W., M.D., B,Sc., Lecturer on Comparative Anatomy at 
St. Bartholomew's Hospital. 6 Kingswood-road, Upper Nor- 
wood* S.E. 
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1001. {Short, Peter M., B.So. 1 Holmdene-avenue, Herne Hill, S.E. 

1908. §Short6r, Lewis R., B.So. 66 Campden Hill-road, W. 

1904. "‘Shrubsalh F. 0., M.A., M.D. 34 Lime-grove, Uxbridge-road,W. 
1910. |Shuttle worth, T. E.e 5 Park-avenue, Riverdale-road, ShefBeld. 
1889. fSibley, Walfer K., M.A., M.D. The Mansions, 70 Duke-street, W. 

1902. {Siddons, A. Harrow-on-the-Hill, Middlesex. 

1883. '^Sidebotham, Edward John. Erlesdene, Bowdon, Cheshire. 

1877. *Sidebotham, Joseph Watson. Merlewood, Bowdon, Che^re. 

1873. ’‘‘Siemens, Alexandee, M«In8t.C.E. Gaxtoii House, Westminster, 

S.W. 

1905. {Siemens, Mrs. A. Caxton House, Westminster, S.W, 

1903. *Silberrad, Dr. Oswald. Buckhurst Hill, Essex. 

1871. *SiMPSON, Sir Alexander R., M.D., Emeritus Professor of Mid- 
wifery in the University of Edinburgh. 62 Queen-street, 
Edinburgh. 

1863. {Simpson, J. B., F.G.S. Hedgefield House, Blaydon-on-Tyne. 

1909. {Simpson, Professor J. C. MoGill University, Montreal, Canada. 

1908. {Simi)son, J. J., M.A., B.Sc. Zoological Department, Marischal 

College,^Aberdeen. 

1901. ♦Simpson, Professor J. Y., M.A., D.So., F.R.S.E. 25 Chester-street, 

EdiiJ^urgh. 

1907. ‘‘limpson, lieut. -Colonel R. J. S., C.M.G. 66 Shooters Hill-road, 
Blackheaili, S.E. 

1909. ♦Simpson, Samuel, B.So. 49 Finsbury -pavement, E.C. 

1909, {Simi)Son, Sutherland, M.D. Oomell University Mescal College. 
Ithaoa, New York, U.S.A. 

1894. §SimpBon, Thomas, P.R.G.S. Feiinymero, Castle Bar, Ealing, W. 

1896. ♦Simpson, W., F.G.S. Catteral Hall, Settle, Yorkshire. 

1884. *Simpson, Professor W. J. R., C.M.G., M.D. 31 York- terrace, 

Regent’s Park, N.W. • 

1909. {Sinclair, J. D. 77 Spenoe-street, Winnipeg. 

1874. {Sinclair, Right Hon. Thomas. (Local Sec. 1874.) Dunedin, 

Belfast. * 

1907. ♦Sircar, Dr. Amrita Lai, L.M.S., F.tj.S. 61 Sonkaritola, Cal- 
cutta. t 

1905. ♦Sjogren, Professor H. Natural «.History Museum,^ Stockholm, 

• Sweden. 

1902. {Skeffington, J. B., M.A., LL.D. Waterford. 

1906. {Skerry, H. A. St. Paul’s-square, York. 

1883. {Skillicorne, W. N. 9 Queeirs-paj^e, Cheltenham. 

1910. §Skinner, J. C. 76 Ivy Park-road, S>hcf6eld. 

1898. {Skinner, Sidney, M,A. (Local Sec. 1904.) South-Western 
Polyteohnic,<Manresa-road, Chelsea, S.W. 

1905. ♦^yrme, C. G. ^ Norman-road, St. Leonords-on-Sea. 

1905. {Slater, Dr. H. B. 75 Bree-street, Johannesburg. 

1889. §Slater, Matthew B., F.L.S. Malton, Yorkshire^ 

1887. {Small, Evan W,, M.A , B.Sc., F.G.S. 48 Kedleston-road, Derby. 

1903. ♦Smallman, Raleigh^. Homeside, Devonshire-plaoe, Eastbourne. 

1904. {Smart, Edward. Benview, Craigie, Perth, N.B. 

1889. ♦Smart, Professor Willum, LL.D. (Pres. F, 1904.) Nunholme, 
r^wanhill, Glasgow. 

1902. ^ §Smedley, Miss Ida. 36 Rulsell-square, W.C. 

)905. {Smith, afiss Adelaide. Huguenot ^Uege, Wellington, Oape-Colony. 
1892. {Smith, Alexander, B.6c., Ph.D., t'.R.&E. Chicago, Illinois, U.S.A. 
1908 {Smith; Alfred. 30 Merrion-square, Dublin. 

1897. { S mith , Andrew, Principal of the Veterinary College^ Toronto, 

Canada. 
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1901. ♦Smith, Miss Annie Lorrain. 20 Talgarth-road, West Kenaing- 
^ ton, W. 

1874, *Smith. Benjamin Leigh, F.R.G.S. Oxford and Cambridge Club, 
Pall Mall, S.W. ' • 

1873. {Smith,, C. Sidney-Suasex College, Cambridge. 

1905. {Smith, C. H. Fletoher’s-cham&rs, Gape Towia 
1910. §Smith, Charles. 11 Winter-street, Sheffield, 

1889. *Sinibh, Professor C. Michie, C.I.E., B.So., F.R.S.E., F.R.A.S. The 
Obser^vatory, Kodaikanal, South India. 

1900. §Smith, E. J. Grange House, Westgato Hill. Bradford. 

1908. {Smith, E. ShrapneU. 7 Eosobery-avenue, E.C. 

1886. ♦Smith, Mrs. Emma. Henootes House, Hexham. 

IDOL §Smith, F. B. Care of A. Croxton Smith, Esq., Burlington House, 
Wandle-road, Upper Tooting, S.W. 

1866. *Smith, F. C. Bank, Nottingham. 

1897. {Smith, G. Elliot, M.D., F.R.S., Professor of Anatomy in the 
University of Manchester. 

1903. ♦Smith, Professor H. B. Lcn^s, M.A., M.P. The University, Bristol. 
1910. §Smith, H. Bompas, M.A. King Edward VII. School, Lytham. 
1889. ♦Smith, Sir H. Llewellyh, K.C.B., M.A., B.Sc., F.S.S. (Pros. F, 
1910.) Board of Trade, S.W. 

1860. ♦Smith, Heywood, M.A., M.D. 40 Portland-court, W. 

1876. ♦Smith, J. Guthrie. 6 ffirklee-gardens, Kelvinside, Glasgow. 

1902. {Smith, J. Lorrain, M.D., F.R.S., Professor of Pathology in the 

Victoria University, Manchester. 

1903. ♦Smith, James. Pinewood, Oathes. Aberdeen. 

1910. §Snuth, Samuel. Central Library, Sheffield. 

1894.*§Smith, T. Walrond. Care of l^ank Henderson, Esq., 19 Manor- 
road, Sidcup, Kent. 

1910. §Smith, W. G., B.So., Ph.D. College of Agriculture, Edinburgh. 
1896. *Smith, Rev. W. Ilodsoii. Newquay, Cornwall. 

;1885. ♦Smith, Watson. 34 lh)per Park-roatl, Haverstock Hill, N.W. 

1909. {Smith, William, 21§ Shorbrooke-street, Winnipeg, Canada. 

1883. {Smithells, Arthub, B.Sc., P.R.S. (Pres. B, 1907 ; Local See. 1890), 
Professor of Chemistry in the University of Leeds. 

1900. §Smurthwaite, Thomas E. 134 Mortimor-road, Kensal Rise, N.W. 
1905. §9mut8, 0. P.O. Box 1088, Johannesburg. ^ ^ 

1909. §Smylie, Hugh. 13 Donegall-squarc North, Belfast. 

1908. §Smyly, Sir William J. 58 Merrion-square, Dublin. 

1857. ♦Smyth, John, M.A., F.C.S., P.R.M.S., M.Inst.0.E.I. Milltown, 
Banbridge, Ireland^ 

1908 §Smythe, J. A., Ph.D., D.Sc. 10 Queen’s-gcCldons, Ikjnton, Now- 
castle-on-Tyne. 

1888. ♦Shape, H. Lloyd, D.So., Ph.D. Balholm, Lathom-road. South- 
,, port. 

1905. {SooDY, F., M.A., F.R.S. The University, Glasgow. 

1905. {Sollas, Miss I. B. J., B.Sc. Newnham dollege, Cambridge. 

1879. ♦Solids, W. J., M.A., So,D., F.R.S., F.R.S.E., F.G.S. (Pres. C, 
1900 ; Council, 1900-03), Professor of Geology in the Univer- 
sity of Oxford. 173 Woodstock-road, Oxfora. \ 

1906 {Solomon, R. Stuart. Care of Messrs. R. M. Moss & Co., Cape Town. 
1892. ♦SoMBRVAiT^ Alexander. The Museum, Torquay. 

1900. ♦Somerville, W., D.Sc.,^F,L.S., Sibthorpian Professor of RureJ 

Economy in the University of Oxford. 121 Banbilry-road, 
Oxford. ♦ 

1910. ♦Sommerville, Duncan M. Y. 70 Argyle-street, St. Andrews, N.B. 

1901. {Sorley, Robert. The Firs, Partiokldll, Glasgow. . 
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lft)3. tSoulby, R. M. Sea Holm, Westbouriio-road, Birkdale, Lanca- 
shire. 

1903. ^Southall, Henry T. ^ffhe Gndg, Boss, Hmfordshire. 
1866««*Soatiball, tijplm Teftios. PaiMdids, Boss, Herefordshire. 

1883. ipSpi^ton^ William Dunnet^ KB.0.8. Chattefl^ JjCous^ Hanley, 
Stefioadsthiie. ' » ^ ^ * 

1909. j:Sparlintf,lteY.J. W.,!D.IX 159 &wedy-stree^Wiimipeg, Canada. 

1893. ^Speak, dbhn. Barton Grange, near Boston. 

1910. §Spearman, 0. Bimmn, Guernsey. 

1905. fSpenoef, Charles Hugh. P.O. Box 2, Maraisbnig! TransTB^ 

1910. ISpioor, Jtev. JB. 0. The Beotory, Waterstoofc, Oxford. » 
1864. '■'Spicer, Henry, B.A., F.L.S., £*.0.8. 14 Aberdeen-park, High* 
bury, N. 

1894. {Spiers, A. H. Gresham’s School, Holt, Norfolk. 

1864. *Bfillb!B, John, E.C.S. 2 St. Maty’s-road, Canonbnry, N. 

1864. '■'Spottiswoode,. W. Hugh, F.G.S. 6 Middle New-street, Fetter- 
lane, E.O.* 

1909. {Sprague, D. E. 76 Edmonton-street, Winnipeg, Canada. 

1854. ^SFBaGuiB, T^noMAS Bond, M.A., LiL.D., F.B.S.E. 29 Buokingham- 
terrace, Edinburgh. 

1888. *Staoy, JsSargeant, 164 Shoreditch, E.C. 

1903. {Stallworthy, Bev. George B. The Manse, Hindhead, Haslemere, 
Surrey. 

1883. '■'Stanford, Edward, F.B.G.S. 12-14 Long-acre, W.C. 

1905. {Stf^OT, Professor George H. Transvaal Technical Institute, 
Johannesburg. 

1883. {Stanley, Mrs. Oumberlow, South Norwood, S.E. 

1894. *STAirsFiXLt>, Ai^fbed, D.So. McGill University, Montreal^ Canada. 
1909. §StanBfieId, Edgar. Mines Branch, Department of Mines, Ottawa, 
Caiu^* * 

1900. ^Stansfield, H., B.So. 19 C^wdor-road. Fallowfiold, Manchester 
1905. {Stanwell, Dr. St. John. P.O. Box 1050, Johannesburg. 

1905. {Stapleton, Frederick. Control and Audit Office, Capo Town. 

1905. ^Starkey, A. H. 24 (heenhead-road, Uvdderafidd^ 

1899. {Stabunq, E. H.? M.D., F.B.S. (Pres. 1, 1909),^ Professor of 

Phy^logy in University Collage, London, W.C. 

1898. ^tather, F.G.S. Brookside, Newland Park, Hull. 

Staveley, T. K. Bipon, Yorkshire. 

1907. §Staynes, Frank. 36-38 Silver-street, Leicester. 

1910. fStoad, F. B. 80 St. Mary’s-mansions, Paddington, W. 

1900. *Stead. J. E., F.B.S. (Pres. B, 1910i) Laboratory and Assay Office, 

Middlesbrough. 

1881. {Stead, W. H. Bieoh*road, JBeigate. 

1892. '■‘^TEBBiNQ, Bev. Thomas B. B., M.A., F.B.S. Ephraim Lodge, 
I The Common, Tunbridge Wells. 

1896. *Stbbbing, W. P. D., F.G.S. 7Sa Lexham-gardens, W. 

1905. {Stebbins, Miss Inez F., B.A. Hugnenot College, Wellington, Cape 
Town. 

1008. {Steele, Lawrence Edward, M.A.« M.B.I.A. 18 Crosthwaite-park 
East, Kingstown, Co. Dublffi. 

1909. {Steinkopj, Max. 667 Main-street, Winnipeg, Canada. 

1905. {Stephen, J. M, Invemegie, Sea Point, Cape Colony. 

1884. ^Stephens, W. Hudson. I^w-Vitle, Lewis County, NeW York, 

‘ U.S.A. 

1902. {Steph^on, G. Grianon, Glasnevin, Dublin. 

1910. ’■‘Stephenson, H. BL Banner 0r6ss Hall, Sheffield. 

1909. {Stethem, G. A. Fort Frances, Ontario, Canada. 
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1908 ♦Stevon, Alfred Ingram, M.A., B.Sc. 64 Albcrt-drivc, PoUokshields, 

• Glasgow. 

1906. §Steven8, Miss 0. O. IL Woodstock-road. Oxford. 

1880. ^Stevens, J. Edward, LL.B. Le Mayi^,31aokp!U, B.S.O. * 

1900. tSTBViBNS, Fb3V>bbiok» (Local Sec. 19(X).) Tom Clerk*B Office, 

Bradford* . j, * 

1906« §Stewart^ A. F. Isabella-streeti Toronto^ Canuda." 

1905* |St6wart» CharlcB^ Meteorolo^cal Ck^zoxiiiaifea, Cape Town. 

1909. tSteware,DaYidA.,lC,D. 

1875. «^tewart, James, F.B.O.P.ISd. Junior Cbnstitational Club, 

‘ Hccadilly, W. 

1901. " ^Stewart, John Joseph, M.A., B.Sc. 2 Stow Park-orescent, New- 

port, Monmou&^ire. 

1901. *Stewart, Thomas. St. George^s-chambers, Cape Town. 

1876. :|:Stiblino, William, M.D., D.So., F.R.S.E., Professor of Phjfsiology 

in the Victoria Unirersaty, Manchester. 

1904. fStobbs, J. T. Dunelm, Buford Park, Stoke-on-Trent. 

1906. ’''Stobo, Mrs. Annie. Somc^t House, Gareloohhead, Dumbarton- 
shire, N,B. ^ * 

1901. *Stobo, Thomas. Somerset House, Gareloohhead, Dumbartonshire, 
N.B. 

1866. *Stook, Joseph S. St. Mildred’s, Walmer. 

1883. ♦Stookbb, W. N., M.A. Brasenose College, Oxford. 

1898. *Stokes, Professor George J., M.A. 6 Fernhurst-villaa, College- 

road, Cork. 

1899. *Stone, Rev. P. J. Badley College, Abingdon. 

1874. •iStone, J. Harris, M.A., P.L.iS., F.C.S. 3 Dr. Johnson’s-buildings, 
Temple, E.C. 

1905. IStonemfigi, Miss Bertha, D.So. Huguenot College, Wellington, Capo 

Colony. 

1896. ♦Stoney, Miss Edith A. 30 Chepstow-crescent, W. 

*1908. ♦Stoney, Miss Florence A., M.D. 4 Nottingham-] dace, W. 

1878. ♦Stoney, G. Gerald. Oakley, Heaton-rood, Newcastle-upon-Tyne. 
1861. *ST03!iBy, Gbobqb Johnstohb, M.A., ,D.So., F.B.S., M.R.T.A. 

(Pres. A, 1897.) 30 Chepstow-crescent, W. 

1883. tStopes, Mrs. 7 Denning-rood, Hampstead, 

1903. ♦Stopes, Miss Marie, Ph.D., D.Sc. 14 Well- walk, Hampstead, N.W. 
1910. §Storey, Gilbert. Lime Grove, Brooklands, near Manchester. 

1887. ♦Storey, H. L. Ballrigg, Lancaster. 

1888. ♦Stothert, Percy K. Woolley Grange, Bradford-on-Avon, Wilts. 
1905* ♦Stott, Clement BL, F.G.b. P.O. Box 7, Pietermaritzburg, Natal 
1881. {Stbahab, AirBBBT,«M.A., F.R.g., F.G.JJ (Pros. C, 1904.) Geo- 
logical Museum, Jermra-street, S.W. 

1906. ^Strange, Harold F. P.O. Box 2627, Johannesburg. • 

1908. ♦Stratton, F. J. M., M.A. Gonville and Gains College, Cambridge! 
1906* ♦Stromeyer, 0. E. 9 Mount-street, Albert-smare, Manchester. 
1883. fStrong, Heniy J., M.D. Colonnade House, The Sterne, Worthing. 
1898* *Strong, W. M.,Jd.D. 3 Champion-park, Denmark Hill, S.E. 

1887. Stroud, H., M*A., D.So., Professor of Physics in the Armstrong 
OoUej^ Newoastle-upon-l^e. 

1887. ♦Stboto, Wicxxam, D.So., Professor of Physics in the Universi^ 
of Leeds. CUSe of Messrs. Barr Stroud, Annieslana 
Glasgow* * 

1005. ffltralwii, A. P.O. Box lSi28, PiMoiis. 

1870. Cautrie* Haddod^ M.A. St. Dunstaa’a CScdfeg,, Catford, 

S.B. 

1873. *Staart» Ber. Oanon Bdward A., M.A. The Preoinots, Canterbury. 
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1885. t^tump, Edward C. MalmesbTOT, Polefield, Blackley, Manchester. 
1909. §Stapart, B. E. MeteorologioahService, Tmnto, Cansuia. 

1879. ♦Styling, Robert, ^rinkcliffe Tower, Shefneld. 

1891. ■♦SudWougtf, Professor J. J., Ph.D., D.So. UniVersity College of 
Wales, Aberystwyth. 

1902. §Sully, H. T. Scottish Widows-buildings, Bristol. 

1898. iSully, T. N. AvoJon House, Queen*s-ro^, Weston-super-Mare. 
1905. ^Summer, A. B. Ollersett Booyseux, Transvaal. 

1887. ♦Sumpner, W. E., D.So. Technical School, Suffolk-street, Bir- 
mingham. 

1908. §vSutherland, Alexander. School House, Gorsa, Watten, Caithness. 

1903. tSwallow, Rev. R. D., M.A. Chigwell School, Essex. 

1905. ISwan, Miss Hilda. Overhill, Warlingham, Surrey. 

1881. sSwAN, Sir Joseph Wilson, M.A., D.Sc., F.R.S. Overhill, 

Warlingham, Surrey, 

1906. tSwan, Miss Mary E. Overhill, Warlingham, Surrey. 

1897. JSwanston, William, P.G.S. Mount Collyer Factory, Belfast. 

1^8. ISwanzy, Sir Henry R., M.D. 23 Merrion-square, Dublin. 

1882. *Swaythling, l<ord. 12 Kensington Palace-gardens, W. 

1887. §SwiNm 7 BNB, James, F.R.S., M.Inst,C.E. 82 Victoria-street, S.W. 
1870. ♦Swinburne, Sir John, Bart. Capheaton Hall, Newcastle-upon- 
Tyne. 

1902. ♦Sykes, Miss Ella C. Blcombs, Lyndhurst, Hampshire. 

1887. ♦Sykes, George, IT., M.A., M.inst.C.E., P.S.A. Glencoe, 04 Elm 
bourne-road. Tooting Common, S.W. 

1896. ♦Sykes, Mark L., P.R.M.S. 10 Headingley-avenue, Leeds. 

1902. ♦Sykes, Major P. Molosworth, C.M.G. Elcombs, Lj’udlinr.st, 

Hampshire. 

1906. JSykes, T. P., M.A. 4 Gathome-strecl, Groat TTorton, Bradford. 
1905. JSymington, 0., M.B. Railway Medical Office, Do Aar, Cape 
cSlony. 

1903. §Symington, Howard W. Brooklands, Market Harborough. 

1885. fSTMiNOTON, Johnson, M.D., P.R.S.,* P.R.S.E. (Pres. H, 1903), 

ProfessorV^ Anatomy in Queen's Uiiivoivsily, Belfast. 

1905. tSymmes, H. 0.^^0. Box 3902, Johannesburg. 

1908. JSynnott, ISbohblaM^ Furness, NaiB*, Co. Kildare. 


1896. JTabor, J. M. HolmwS?* ■ Haringey Park, Crouch End, N 
1910. §Tait, John, M.D., D.iSe.’^y^ Parksido-terraco, Edinburgh. 

1904. §T^]ack, H. T. Clovolly, Birdhursf-road, South Croydon, 

1903. *Tanner, Miss Elleg G. Papkside, Coraham, Wilts. 

1890. JTannbr, H. W. Lloyd, D.Sc., F R.S. (Local Sec. 1891.) University 
• College, Cardiff. 

1^2. ♦Tansley, Arthur G., M.A„ F.L.S, Granteliestor, near Cambridge. 

1883. ♦Tapscott, R. Lethbridge, F,R.A.S. 02 Croxteth-road, Liverpool. 
1908. ITableton, Fbancis A., LL.D. 24 Upper Tioeson-street, Dublin. 
1861. ♦Tarratt, Henry W. 2o Oxford and Cambridge-mnnflions, Hyde 
Park,W. 

1902. t^ate, Miss. Rontalard, Whitebouse, Belfast. 

1901. XTayloft Benson, 22 Hayhurn-crescenJt, Partick, Glasgow. 

1908. JTaylor, Rev. Campbell, MLA. United Free Church .Manse, 
* Wigtown, Scotland. • 

1887. JTaylor, G. H. Holly fiouse, 235 Eccles New-road, Salford. 

1898. tTe>ylor, Lieut. -Colonel Q. L. Le JIL 6 College-lawn, Cheltenham, 
1881. ♦Taylor, H. A. 12 Melbury-road, Kensington, W. 

1906. ITaylor, H. Dennis. Stancliffe, Mount-villas, York. 
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1884. *Tatlob, H. M., M.A,, F.B.S. Trihitv Collego, Cambridge. 

1882. ♦Taylor, Herbert. Owen, MJ). Oxford-street, Nottingham. 

1860. ♦Taylor, John, M.Inst.O.E. .6 Queen St!:eet-place, E.C. 

1906. |Taylor, llbss M. B. News toad, Blundellsands.* • 

1884. *Taylor, Misai£. Oak Hoilse, Shaw,, near Oldham. 

1895. JTaylor, W. A., M.A., F.B.S.E. East Mayfield, Edinburgh. 

1894. ♦Taylor, W. W., M.A. 66 St. John’s-road, Oxford. 

1903. JTaylor, William. 61 Cambri^e^road, Southport. 

1901. ♦Teacher, John H., M.B. 32 Kingsborough-gardena, Glasgow. 

1858. }Tealb, Thomas Pbidoin, M.A., F.R.S. 38 Cookridgo-streot, 

Leeds. 

1885. {TbalLj-J. J. H., M.A., F.R.S., F.Q.S. (Pres. C, 1893; Council, 

1894-1900, 1909- ), Director of the Geological Survey of the 
United Kingdom. The Museum, Jormyn-streot, S.W. 

1906. ♦Teape, Rev. W. M., M.A. South Hylton Vicarage, Sunderland. 
1910. §Tebb, W. Scott, M.A., M.D. 15 Finabury-circiis, K.C. 

1879. {Temple, lieutenant G. T., R.N., F.R.G.S. Solheim, Cumberland 

Park, Acton, W. 

1896. ♦Terry, Rev. T. R., M.A., F.R.A.S. The Rectory, East lisle/, 

Newbury, Berlbhire, 

1892. ♦Teala, Nikola. 45 West 27th-8treet, Now York,"U.S.A. 

1883. {Tetley, C. F, The Breweiy, Leeds. 

1883. {Tetley, Mrs. C. F. The Brewery, Leeds. 

1882. *Thane, George Dancer, LL.D.,' Professor of Anatomy in Uni- 

versity College, London, W.C. 

1871. {Thiselton-Dyeb, Sir W. T., K.C.M.G., C.I.E.. M.A., B.Sc., 
Ph.D., LL.D., F.R.S., P.L.S. (Pres. D, 1S88; Pres. K, 
1895 ; Council, 1885-89, 1895-1900.) Tlie P.irns, Witcombe, 
Gbucestor. 

1906. *Thoday, D. Trinity College, Cambridge. 

1906. *Thoday, Mrs. M. G. 25 Halifax -road, Cambridge. 

1870. {Thom, Colonel Robert Wilson, J.P. Brooklands, Lord-street 
West, Southport. 

1891. ♦Thomas, Miaa Clara. Pencerrig, Builth. 

1903. ♦TiiOi.iAs, Mia|^ Ethel N., B.Sc. 3 Downe-mansions, Gondar- 

gardens. West H ampstead, N.W. 

1910. §Thomas, H. Hamshaw. Botany School, Cambridge. 

1880. ♦Thomas, Joseph William, F.C.S. Overdalo, Shortlands, Kent. 
1899. ♦Thomas, Mrs. J. W. Overdale, Shortlands, Kent. 

1902. ♦Thomas, Miss M. Beatijice. Girton College, Cambridge. 

1883. {Thomas, Thomas H. ^5 The Walk, Cardiff. 

1904. ♦Thomas, William. Bryn-heulog, Thomf>3 Town, Merthyr Tydfil. 
1891. ♦Thompson, Beeby, F.C.S., F.G.S. 67 Victoria-road, Northampton 
1888. ♦Thompson, Claude M., M.A., D.So., Professor of Cheuiistry in 

IJniversity College, Cardiff. 38 Park-place, Cardiff. 

1885. {Thompson, D’Arcy W., C.B., B.A., Professor of Zoology in Univer- 
* sity College, Dundee. 

1896. ♦Thompson, Edward P. Paulsmoss, Whitchurch, Salop. 

1907. '^Thompson, Edwin. 1 Croxteth-grove, Liverpool. 

1883. ♦Thompson, Francis. Eversley, Haling Park-road, Croydon. 

1904. /Thompson, Q. R., B.S6., Professor of Mining in the University of 
Leeds. 

1893. ♦Thonmon, Harry J., ^M.Inst.C.E.^ Madras. Care of National 

Bank of India, 17 Bishopsgate^treet Within, E.C. 

1883. ♦Thompson, Henry G., M.p. 86 Lower Addiscombe-road. Croydon. 
lOOff. {Thompson, James. P.O. Box 312, Johannesburg. 

1909. p^ompson. Miss Mabel. Ashbourne Cottage, Blanford-road, Reigate. 




I Bowdon, Cheshire 
^ 1W>8), King’s P^fessor 

„ to liU^ (Mhp, 

1W5. tTW|wm» WillicwL Parhsiit, Donmkr^road, Eotherham. 
iw4. )^QiM80is, Akehub, M.A., H.D», Professor of Hitman Anatomy in 
the HnWersity of Oxford. Exeter College, Oxford. 

1909. *TboinBon, E. 22 Monument-avenue, Swampsoott, Mass., U.S.A. 
1906. §Thomson, P. Boss, F.G.S. Hensili, Hawkhurst, Kent. 

1890 *THOMapN, Professor J. Abthub, M.A., P.'R.S.E. Castleton House, 
Old Aberdeen. 

1883. IThomsok, Sir J. J„ M.A., Sc.D., D.Sc., F.R.S (Presidbnt, 1909 ; 

Pres. A, 1896; Council, 1893-96), Professor of Expenmental 
PhysLos ^n the Univer^ty of Cambridge Trinity College, 
Cambridge. 


1901. tThomson, Dr. J. T. Kilpatrick. 148 Norfolk-street, Glasgow. 
1889. ^Thomson, James, M.A. 22 Wentworth-plaoe, Newcastle-upon- 

Tyne. 

1902. {Thomson, James Stuart. 29 Ladysmith-road, Edinburgh. 

1891. {Thomson, John. Westover, Mount Ephraim-road, Streatham, 

fl w ^ 


1871. ♦Thomson, John Mili^ LL.D., P.R.S. (Council, 1895-1J901), 
Professor of Chemistry in King’s College. Ixindon. 9 Camp- 
den ffill-gardens, W. 

1874. §Thomson, Wiluam, P.R.S.E., F.C.S. Royal Institution, Man- 
chester. 

1880. §Thomson, William J. Ghyllbank, St. Helens. 

1906. {Thomely, Miss A. M. M. Oakland^, Langham-road, Bowdon, 

Cheshire. , 

190, ♦Thomely, Mias L. R. Nunclose, Grassendale, Liveroftol. 

1898 *Thoenton/iW. M., D.So., Professol? of EleBtrical Engineering in 
the Annstrong College, Newcastle-on-Tyne. * 

1902. {Thomycroft, Sir John I., P.R.S., M.Inst.0.E. Eyot AHUa, Chis- 

wick Mall, W. 

1903. {Thorp, Edward. 87 Southbank-ro^, Southport. 

1881. {Thorp, B7elden. Blossom-street, Fork. 

1881. ♦Tho’^, Josiah. 3y Pleasant-street^ New Brighton, Cheshire. 

1898. §Thorp, Thomas. Moss Bank, Whitefield, Manchester. 

1898. {Thokpb, Jocelyn Field, PhD., F.R.S. Victoria University, 

Manohoster. » 

1871. {Thobpe, Sir T. E., C.B , Ph.D., LL.D., P.R.S., F.R.S.E., V.P.C.S. 
(Pres. B, 1890; Council, 1886-92.) 61 Ladbroke-grove/W. 

1899. §Threlpal4 Riohabd, M.A., P.R.S. Oakhurst, Church-road, 

Edghaston, Birmingham. * 

1896. §Thiuft, Wiuiam Edwaed, M.A. rLocal Sec. 1908), Professor of 
Natural and Experimental Philosophy in die University of 
Dublin. SOGrgsyenor-aquare, Rathmines, Dublin. 

1904. §ThiirBton, Government Museum, Miyl»f y^. 

1907. iThwaites, R. E. SBffest-street, Leil^ter. 

1889. X^yB, Colonel AlbSf?' 9 Rue Brj4orode, Brussels. 

1873. *Tidmiman, R. H., If. A., P.G.S. 298 Woodstock-xpad, Oxforil. 

1905. {lietz, Heinrich, B.A,, Ph.D. South African Collefe, Cape Town, 
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1874. {Tilden, Sir William A., D.Se., P.R.S., F.C.S. (Pres. B, IBS'S; 

Council, 1898-1901), Professor of Chemistry in the Imperial 
College of Science, London. The Oaks, North wood, Middlesex. 

1899. JTims, H. W. Marett. M.A., M.D., F.L.S. 8 Brookside, Cam- 

bridge. • 

1902. {Tipper, Charles J. R., B.Sc. 21 Greensidc, Kendal. 

1905. {Tippett, A. M., M.Inst.C.E. Capo Coverninojit Railways, Ca}>e 
• Town. 

1900. §T3chor, J. F., B.Sc., F.I.C. 5 Chapel -street, Peterhead, N.B. 

1907. STodd, Professor J. L. MacDonald Colleger, (■anada.. 

1889. §Toll, John M. 49 Newaham-drive, Liverpool. 

1905. {Tonkin, Samuel. Rosebank, near Cape T(^wn. 

1875. {Torr, Charles Hawley. ^55 Burlington -road, Sherwood, Not- 

tingham. 

1909. {Tory, FT. M. lOdinonlon, vVlberla, Canada. 

1901. {Townsend, J. S., M.A., F.R.S., Professor of Ph^^sies in (he 

CJnivorsity of Oxford. New College, Oxford. 

1870. *Trail, j. W. ir., M.A.. M.D., F.R.S:, F.L.S. (Pivs. K, 1910), 
licgins Professor of Botany in the Univ(;rsity of Aberdec.'i. 
188;i. {Traill. A., M.D., LL.D., Provost of Trinity *r(.ll(‘ge, Dublin, 
Ballylnugh, Bushmills, Treland. 

1870. {Traill, William A. fiiant’s (^auseway Fleciric 'Pramway. 

Portrush, Tp'^land. • 

1868. {Traquatr, Ramsay TT., M.D., LL.D., F.B..S., F.O.S. (Pres. D. 
1900.) The Bush, ('OHntoii, Midlotluan. 

1902. {Travers, Krnest J. Dimiiuirry, Co. Antrim. 

1884. {Trochinann, Charles O., J’h.D., F.C.S. Hartlepool. 

1908. §Trecii, Henry i\r. Wieken, Soliani, (Urn bridge*. 

HK)S. {Trcmain, Miss Caroline P., B.A. Alexandra (’ollc'ge, Dublin. 

1910. §Tremcarne, A. J. N. Tndoi* House, l^acklioal li Pai K, S.F. 

/I887. *Tronc[Alas(!oigiie, Mrs. F. R. Lotherlon Hall, Parlington, Al)ei- 

ford, Ixieds. • 

1903. {Trenohard, Hugh.* The Firs, Clay Hill, Enfield. 

1908. {IVc'silian, 11. S. Cumnor, Plglinglon-roarl, Dublin. 

1905. {P/t’#i .1., jlf./l., F. //.f/.>S'. ChilfxiUon, StocL- 

briflge^ It.S.O. • ^ 

187ff {Trtmen, Rolanto, M.A., F.R.S. , F.L.S., F.Z.S. Sou (h bury. Lawn - 
road, (biildford. 

1902. {Tristram, Rev. J. F., M.A., B.Sc. 2(4 Chandos-road, Chorlton- 
ciiiu • Hardy, Manchester. 

1884. *Trottor, Alexander Pelham. 8 Ric'hinond-i<?rraee, Whitehall, 

S.W. • 

1887. *Trouton, Frederick T., M.A., Sn.D., F.R.S., Professor of Physics 
in University College, W.C. 

1898. ‘•'Trow, Albert Howard, D.Se., F.4y.S., Pr(>fe.s.sor of Botany in Uni- 
versity College, Cardiff. .50 Clive-road, Penarth. *• 

1885. *Tubby, A. H., F.R.CJ.S. 08 Harley-strect, W. 

1847. '•‘Tuekett, Francis Fox. Frcnchay, Bristol. 

1905. §Turnieau, Charles, ('larcmont, Victoria Park, VVavertree, I.ivcr- 

pool. 

1901. §Turnbull, Robert, B.Sc. Department of Agriculture and Technical 
Instruction, Dublin. 

1893. {Turner, Dawson, M.4)., F.B-.S.E, 37 George -square, Edinbi¥gh. 

1894. *Turnbr, H. H., M.A., D.Se.. * F.R.S. , F.R.A.S., Professor of 

Astronomy in tho University of Oxford. The Ohservatory. 
Oxford. 

1906. {Turner, Rev. Thomas. St. SaviouFs Vicarage, 50 Fitzroy-street, W. 

JOIO. F 
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ftse. •Turnbb, Thomas, M.Sc., A.R.S.M., F.I.C.. Piofossor of MetallurCT 
in the ITniversity of Birmiii^hain. iSpriiigfiekl.'^, IJplana'roau, 
Solly Hill, Bimiiiigliam. 

I8(>3. JTuuner, Sir William, K.C.B., LL.D., D.C.L., F.R.b., l.Jl.S.K. 

(PBBSiDENT,rl900 ; Pros. H, 1889, 1897), Principal of the 
University of Edinburgh. 6 Rton-lerrace, hjdinbnrgh. 

1910. 5}Turiior, 10. .S. Tlie Univeraity, Shoflicld. 

1890. *Tiirpiri, G. S., M.A., IXSc. High School, Nottingham. 

1907. §Tiitto:s A. E. JL, IM.A.. D.Sc., F.Tl.vS. 1908- .) 

41 Ladbroke-.sqiiarc, W. 

1880. *T\vigg, G. II. 0 <fe 7 r.ndgatc-hill, Birmingham. 

1899. JTwisden, ilohu 11., M.A. 11 Cray’s Inii-stiiiare, W.C. 

1907. §T vyman, F. 7i)A Oarndou-road, N.W. 

1805. JTylor, Edward Burnett, D.C.Ii., LL.!)., F.R.S. (Pres. 11, 1881 : 

Council, 1890-1902 ) Museum House, Oxford. 

1883. JTyror, Thomas, F.C.S. Stirling Chomioal Works, Abbey-Hne, 
Stratford, E. 


1884. *Undcrhill, O. E., M.A Magdalen (kdicgn, Oxford. 

1903. JUndorwood, Captain J. C (>0 Scarisbrick New-road, Soulbporc. 

1908. §Un\vin, Ernest h]\vart, M.Sc?. Bootbnm School, York. 

1885. §Unwin, Howard. 1 Newton-grove, Bedford Park, Chiswick, W. 
1883. gUnwin, John. EastclifTe rx)dgc, Son1hx)ort. 

1876. *Unwin., W. C., F.R.S., M.lnst.C.E. (Piv.s. 0, 1892; Council, 
1892-99.) 7 Palace Gate-mansions, Keii.sifigton, W. 

1009. :|:Ur(pihart, C. 239 Smith-street, WinnijK'g, Caii.vda. 

1902. gUssher, R. J. Cappjigh House, (Jappagh, Co. W^itcrfonl. 

1880. tUssHER, AV. A. E., F.C.S. 28 Jennyn-street, S.W. 

1905. JUttley, E. A., Electrical Inspector to the Rhodesian Covernment, 
Bulawayo. 


1887. *Valentinc, Miss Anne. The Elms, Hale, near Altrincham. 

1908. JValera., Edward de. Univensity College, Blackrock, I)'d)li]i. 

1905. JVan dcr Byl, J. A. P.O., Irene, Tra'^.svaal, 

1805. *VarIiEV, S. Alfred. Arrow Works, Jackson-road, Hollowa;/, N. 
1907. gVarloy, W. Mansorgh, M.A., D.Se., Ph.T). Morningsukv E.iion- 
e rescei it, S u an sea. 

1903. tVarwcll, H. B. 2 Pcnnsylvania-park, Exeter. 

1909, *A^assall, H., M.A. The Priory, Reptmi, Burt on -on -Trent, 

1907. §\^aughau, Arthur, B.A., D.S*'., F.^\S. 9 IVmbroke-vale, Clifton, 

Bristol. 

1895. JA^aughan, T). T. Cwynne, F.L.S. Queen’s College, Belfast. 

1905. tVaughan, E. L. Etfiu Gpllege, AVindsor. * 

1881. tVl!.Li5Y, V. H., M.A., D.Sc., F.R.S. 8 Marlborough -pi ace, St. 

John’s AVood, N.AA\ 

1883. *Verncy, Lady. Claydon House, AA^inslow, Bucks. 

1004. *Vcrnon, H. M., M.A., M.D. 22 Norham-road, Oxford. 

1896. Wernon, Thomas T. Shotwick Park, Cheslor. 

1 vSOO. *A^eiTion, William. Shotwick Park, (yJiestop. 

1890. *VilIamij, Lieut. -Colonel R. de, U.E. Carlisle Lodge, Rickmans- 
^ worth. 

1900. *A^inci!:nt, .1. H,, M.A., DjSc. L.C.C Paddington Technical Institute, 
Saltram-cre.'^ccnt, W. 

1809. *A^rNCBNT, Swale, M.D., D.Sc. (Lbcal Sec. 1909), Professor of 
Physiology in the University of Manitoba, Winnipeg, Canada. 



TJST OF MEMBERS: IPIO. 


S3 

ypnr of 
Kicctioii. 

1883. *Vt^es. Sydney Howard, M.A., D.So., F.R.S., F.Ii.S. (Prrt, 

1900 ; Council, 1804-97), Professor of Bofcany in the University 
of Oxford. Headington Hill, Oxford. 

1902. JVinycomb, T. B. Sinn Fein, Shooters Hill, SJ^. 

1904. §Vol terra. Professor Vito. Regia Univcrsita, Ron)j\ 


1004. §Wace, A. J. B. Ptinibroke College, Cainbi'dge. 

1002. ;:Waddoll, Rev. C. TT. llie Vicarage, Saintfield. 

1000. :;Wadgc, llcrbcrt W., M.T). 754 Ijf3gau-av(‘nii(\ Winnipeg, Canada. 

1888. {Wadworth, II. A. Breiiiton Court, near Hereford. 

1800. §Wagkr, Harodd W. T., F.R.S., F.li.S. (l?ros. K, 100r>.) Hendre, 
Horsforth-lanc, Far Hcadinglcy, Ijccds. 

1900. JWagstaiT, C. J. L., B.A. Grafton House, Oundle. 

1002. JWaiuwright, flool. Finch wood, Marple Bridge, Stockport. 

I00(). J Wakefield, Charles. Hcslington House, York. 

1005. §Wakefield. Captain E. W. Stricklandgate House, Kendal. 

1894. IWadford, Edwin A., F.Q.S. 21 West B.ar, Banbury. 

1 882. *Walkdcn, Samuel, F.R.Mct.S. The Cottage, Whit(!hui<di, Tavi 
stock. 

1<S93. JWalker, Alfred O., F.L.S. UJeombe-pIaec, iMaidsto?io, Kent. 

1800, JWalkcr, A. Tannett. The Elm.s, Weoiwood, T..(’(?ds, 

1001. ’^Walker, Archibald, iM.A., F.I.C. XouMik Casll.',.Ayr, N.B. 

IS07. *Walker, Sir B. E., C.V.O., D.C.L., F.G.S. (Local Sec. 1807 ) 

Canadian Bank of Commerce, Toronto, Canachk. 

1004. § Walker, E. R. Nig)it-ingaIo.s, Adlington, Lancashire. 

1891. •JWalker, Frederick W. Tannett. Carr Manor, Moanwood, Tweeds. 

1005. JlValker, G. M. Lloyd’s-buiklings, Bnrg-strcet, Capo Town. 

1894. *Walker, G. T., M.A., D.So., F.R.S., F.R.A.S. Red Roof, 

Simla, India. 

1897. {Walker, George Blake, MJnst.C.E. 'rankcrsley Grange, near 
Barnsley. • 

1900. {Walker, J. F. E. Gel^bn, B.A. 45 Bootham, York. 

1801. *Walker, James, M.A. 30 Norham-gardens, Oxford. 

1010. *W:iIk»^, Jamo.s, D.So., F.Jt.S., Professor of Clicmist.ry in the 
University of Ediitl)iirgh. 5 Wester Coah's-road, Edi|d>nrgh. 

1000. ^Valker, Dr. Jamieson. 37 Cliarn wood -street, Derby. 

1009. g\V5alker, I^ewic D. 4<»7 Cnmherl.aiid-a venue, Winnipeg, Cnnada. 

1007. {Walker, Philip F,, F.R.G.S. 36 Prinoo’s-g%rfJoiis, S.W. 

1008. *Walker, Robert. Westray, Ck^mbo Down, Bath. 

1888. {Walker, Sydney F. 1 Bloomfield-crescent, Bath. 

1806. §Walkcr, Colonel William Hall, M.P. Oatcacre, Liverpool. 

1010. §Wnll, (L J*., F.G.S. 32 ( kdlegiale-crescenL ShetTiedd. 

1883. {Wall, Henry. 14 Park-rood, Southport. 

1863. {VVat-lace, Alfred Russet^ O.jVL, 1#.C.L., F.R.S., F.L.S., F.R.G.S. 

(Pres. D, 1876 ; Council, 1870-72.) Broadstone, WiTn borne, 
Dorset. 

1905. {Wallace, R. W. 2 Harcourt-builflings, Temple, E.C. 

1001. {Wallace, Wilfiam, M.A„ M.D. 25 Newton-place, Glasgow. 

1887. *Waller, AuGirsTUS D., M.D., F.R.S. (Pres. F, 1907.) 32 Grove 
End-road, N.W. 

1905. §Wallor, Mrs. 32 Grove End-road, N.W. 

1889. *Wanis, Arnold J., M.A., • 5 Belvoir-terrace, Cambridge. 

1805. {Wallis, E. Whttr, F.S.S. Royal S^mitary Instituto and Pnrkes 
Museum, 00 Hiicking))am Pal.*ice-road, S.W. 

1894. *Walmisley, A T., M.lnst.C.E. 9 Viotoria-street, Westminster, 
S.W. 



84 


HRlTIRll ARSDCrATTON. 


Yoar of 

1891. §Walm8loy, R. M., D.Sc. Northampton Institute, aerkanwell, 

1908. tWalsh, John M. Plcoaa Park-avenue, Sidney-parado, Dublin. 
1895» JWalsinoimm, The Right Hon. Lord, LL.D., F.R.S. Merton Hall, 

Tlifttford. ® 

1902. *Walter, Miss L. Edna. 38 Woodberry-grove, Finsbury Park, N. 

1904. ♦WalterSjfcWilliain, jun. Etbeldrcda House, Exning, Newmarket.. 
1887. {Waro, a. W., M.A., Liit.l)., Master of Peterlioiiso, Cambridge. 
1881. §Ward, George, P.C.S. Buckingham-torrace, TTeadingloy, Leeds. 

1874. fWard, John, J.P., F.S.A. Boesfield, Farningham, Kent. 

1905. tWarlow, Dr. G. P. 16 Hamilton-sqiiare, Birkenliead. 

1884. *Wa.Tier, James D. 199 Baltic-strcet, Brooklyn, U.S.A. 

1887. }Warrkn, Liout.-GencraL Sir Charlrs, R..E., K.G.B., G.C.M.G., 
F.R.S., F..R.G.S. (Pres. E, 1887.) Athenaeum Club, S.W. 

1875. ♦Waterhouse, Major-General J. Hurstmead, Eltbara, Kent. 

1905. JWatermoyer, F. S., Government Land Surveyor. P.O. Box 973, 

Pretoria, South Africa. 

1904. JWators, A. H., B.A. 48 Devonshire -road, Cambridge. 

1900. f fVf/frr.'fftm, DffHfi, M.IK, F.lLS.liJ. 2?9 Coliiiton-rond, Edinburgh. 
1875. JWathorston, Rev. Alexander Law, M.A., F.R.A.S. 2 Countess- 

road, Nuneaton. 

1909. §\Vatkinson, ProicHsoi* W. 11. The University, Liverpool. 

1884. iWatson,‘A. G., D.C.L. Upland.^, Wadhunst, Sussex. 

1901. * Watson, Arnouu "Diomas, F.L.S. South wold, Tapton Crescent- 

road, Shoiliold. 

1886. ♦Watson, C. J. Alton Cottage, Botteville-road, Aoock’s Green, 
Birmingham. 

1900. §Watson, Colonel Sir C. M., K.C.M.G., C.B., R.E., M.A. 16 Wilton- 

crescent, S.W. 

1006. § Watson, D. M. S. Windlehiirst, Anson -roach Vicloria Park, 
Manchester. 

1909. JWatson, Ernest Aftsley, B.Sc. Allon Cottage, Bottcville-road, 

Acock’s Green, Birmingham. 

1892. fWalson, G., M.Tnst.C.E. Moorlands, Woreo.stor. 

1885. JWatson, Deputy Surgeon -General G.A. ITendre, ^Dverton Park, 

Cheltenham. ^ 

1906. ♦Watson, Henry Angii.s, 3 Musciim-slroot, York. 

1889. JWatson, John, F.l.C. P.O. Box 1026, Johannesburg, South 
Africa. 

1905. JWatson, Dr. R. W. liadysinith. Cape Colony. 

1894. ♦Watson, Professor W., D.Sc., F.R.S. 7 Upper Cheyne-row', 
S.W. ^ 

1879. ♦Watson, William Henry, F.C.S., F.G.S. Braystones House, 
Bcckermet, Cumberland. 

1901. JWatt, Henry Andei^-on. Ardenslate House, iriintei’’s Quay, 

Argyllshire. 

1910. ♦Wntts, Miss Beatrix, M.A. (Jirtoii College, Cambridge. 

1875. *Watt.s John, B.A., D.Sc. Merton College, Oxford. 

1884. *Waiia, Rev. Canon Robert R. Iho Red House, Bemerton, Salis- 
bury. 

1873. ♦Watts, W. Marshall, D.Sc. Shirley, Venner-road, Sydenham. 
S E 

1883. ♦Watts, "w. W., M.A., M.Sc.., F.R.S., F.G.S. (Pres. C, 1903 ; 

Council, 1902-09), IVofe.‘»sor of Geology in the Imperial 
College of S<^ienco and TeclAnology, London, S.W. 

1870. §Watts, William, M.Inst.C.l^., F.G.S. Kenmoro, Wilmslow, Cheshire. 

1906. JWay, E. J. Post Office, BononI, Transvaal. 



LIST OF MEMBERS: liUO. 


86 


Yejir (>i% 

Kloutioii. 

1905. fWay, W. A., M.A. The College, Graaf South Africa. 

1905. jWebb, Miss Dora. Gezina School, Pretoria. 

1907. TlWebb, Wilfred Mark. Odstock, Han well, W. 

1891. 12 Southey-terrace, Words worth-avonuo, l^atli, 

Cardiff. « 

1910. § Webster, Professor Arthur (h Wurcest^u*, MassacRusetts, ILS.A. 
1909. JWebster, William, M. Ih 12.^2 Portage-avemue, Wiuiiij[tc»g, Canada. 

1908. gWedderburn, Ernest Maclagaii, E.ll.S.E. (i Succoth-gardeiih, 

Edinburgh. 

1903. tWeekes, R. W., A.M.Inst.C.E. 05 Hayes-ruad, Bn^mley, Kent. 
1890. ♦Wifliss, F. Ernest, D.Sc., E.L.S., Professor of BoUiny in the 
Victoria University, Manchester. 

1905. JWelby, Miss F. A. Hamilton House, IJ all-road, N.W. 

1902. JWelch, R. J. 49 I^onsdalo-street", Belfast. 

1894. JWeld, Miss. 119 Iflley-road, Oxford. 

1880. *Weldon, Mrs. Merlon l^a, Oxford. 

1908. JWelland, Rev. 0. N. Wood Park, Kingstown, Co. Dublin. 

1881. § Wellcome, IJonry S. Snow Hill-buildings, E.C. 

1908. JWellisch, E. M. 17 Park-street, Cambridge. 

1881. jWolls, Rev. Edward, M.A. West Dean Rectory, SalisVmry. 

1881. *WENiiOCK, The Right Hon. Lord, G.C.S.I,, O.C.l.E,, LL.D. 

Eserick Park, Yorkshire. 

Wentworth, Frederick W. T. Vernon. Wentwfirth (’astle, near 
Barnsley, Yorkshire. 

1864. *Were, Anthony Berwick. Rt^slyn, VValland’s Park,, Lewes. 

1886. ’“Wertheimer, Julius, B.A., B.Sc., F.C.8., Principal of and Professor 
of Chemistry in the Merchant Venturers’ Technical College, 
Bristol. 

1910. §West, G. S., M.A., D.^c., Professor of Botany in the University of 
Bkmiijgliam. 

lOPO. §West, William, F.L.S. 26 Woodvillorterrace, llortoii-lune, 
Bradford. • 

1903. §Westaway, F. W. l^Pemberley-urescont, Bedford. 

1882. *Westlake, Ernest, F.G.B. Fordingbridge, Salisbury, 

1900. JWothuy, E. R., M.A., F.R.G.S. 4 Cunlilfo- villas, Muiiuingliain, 
Bradford. m ^ 

1909. Jj^Vheeler, A. O., F.R.G.S. The AJpiiuj Club of Canada, Sidney, 

B.C., Canada. 

1878. *Whoeler, W. H., M.Inst.C.E. 4 llope-parl;^ Jlrumley, Kent. 

1888. gWheleii, John Leman. 23 Fairliazel-gardcns, N.IV. 

1893. ♦Whetuam, W. 0. D., M.A., F.R.S. Upwater Lodge, Cambridge. 
1888. *Whidborne, Miss Alice M'^ria. Charaiite, Torquay. 

1898. *Whipple, Robert S. Scientific Instrument Company, Cambiidgu. 

1883. * Whitaker, T. Walton House, Burley-in-Wharfedale. 

1859. *Whitakeb, William, B.A., F.R.S., f.G.S. (Pres. C, 1895 ; Council, 
1890-96.) 3 CamjKlcn-road, Croydon. •• 

1884. {Whitchcr, Arthur Henry, Dominion Lands Office, Winnipeg, 

. Canada. 

1886. tWhitcombe, E. B. Borough Asylum, Wiiisoii Green, Birmiiigiiaui. 
1897. IWhitcombe, George, The Wotton Elms, Wotton, Gloucester. 

1886. jWniTE, A. Silva. Lce-on-Sokuit, IJanIs. 

1908. jWhite, Mrs. A. Silva. Loe-on-Soleiit, Hants. 

1904. {White, H. Lawrence, B.A. 33 Rossington-road, Sheffit?Id. 

1885. ♦White, J. Martin. Balruddery, Dundee. 

1905. {White, Miss J. R. Huguenot College, Wellington, Cape Colony. 

1910. ♦White, Mrs. Jessie, D.SSo., B.A. 4 Elthorne-mansious, Ui>i>er 

Holloway, N. 



8(5 


lllllTrSTI ASSOCIATIOX. 


Yiiir of 

flection. 

1897. ♦WuiTJS, Sir W. H., K.C.IJ.. F.U.S. (Pna. G, 1899, 1999; Council, 
1897-1900, 1919- .) Codiircrofl, Puliiey UoiitL, S.IV. 

1877. *Wliito, Williani. 20 llillcrudon-avoiiuc. Church-road, Barnes* S.W 

1904. «t Whitkhbau, J. E. L., M.A. (Ijocal Sec. 1994). Guildhall, Cam- 

bridso. • 

1905. §Whiteloy, Miss M. A., D.Sc. liujierial College of Scionco, S.AV. 
1893. §WhiJeleyi^ K. Jdoyd, iT.C.S., F.LC. Municix^al SeUMiue and 'ruoli- 

iiicai School, VVost Bromwich. 

1907. ♦Whitley, E. Clovolly, Sefton Park, I>iver])ool. 

1905. *Whitraeo, H. B. P.O. Box 470, Tliirban, Natal. 

1891. JWhitmeU, Charles T., M.A., B.Sc. Inverritey, llydo Park, l^eds, 
1897. {WmTTAKBB, E. T., M.A., F.R.S., Royal Astronomer of Ireland 
and Andrews Professor of Astronomy in the University of 
Dublin. The Observatory, Dunsink, Co. Dublin. 

1901. JWhitton, James. City-cbambei*s, Glasgow. 

1857. ♦Whitty, Rev. John Ibwine, M.A., D.C.L., LL.D. 13 (.hujivillo 
Marina, Ramsgate. 

1905. JWhyte, B. M. Simon’s Town, Cape Colony. 

1905. §Wibberloy, C. Boira and Mashonaland Railways, Umiali, South 
Africa. 

1889. *WinnEJtiFOKCK, L. R., M.A., Professor of Physics in the University 
of Liverpool. 

1887. ♦Wilde, Benby, D.Sc., D.C.L., F.R.S. The Hurst, Alderley Edge, 

Cheshire. 

1905. }Wiloy,«J. R. Kingsfold, Mill-street, Ca])e ’JWn. 

1910. §Wilkiiis, C. F. Care of Messrs. King & Co., i\Iall, S.VV. 

1905. {Wilkins, R. F. Thatched House Club, St. James’s-street, S.}V. 
1904. §Wilkinson, Hon. Mrs. Dringhouses Manor, York. 

1900. §Wilkinson, J. B. Holme-lane, Dudley Hill, Bradford. 

1903. {Willett, John E. 3 Park-road, Southport. 

1904. ♦Williams, Miss Antonia. 6 Sloane-gardens, S.W, * 

1861. ♦Williams, Charles Theodore, IVLV.O., M.A., M.I). 2 U])j)er Brouli- 
strcct, Grosvenor-sciuare, W. • 

1905. §Williams, Gardner F. 2*201 R-strect, Washington, 1).C., U.S.A. 
1883. {Williams, Rev. H. Alban, M.A. Sheering Rectory, Bwirlow, Essex. 
1861. ♦Williams, Harry Samuel, M.A., F.W.A.S. 6 Heathlicld, Swansea. 
1875. ♦Williams, Rev. Herbert Addams. Llongibby Rectory, neoif New- 
port, Monmouthshire. 

1891. gWilliams, J. A^B., M.lnst.C.E. The Hurst, Branksomo Park, 
Bournemouth. 

1883. ♦Williams, Mrs. J. Davies. 5 Chepstow -mansions, Bayswater, W. 

1888. ♦Williams, Miss Katharine T. ^l^landafiE House, Pembroke-vali^, 

Clifton, Bristol. • 

1901. ♦Williams, Miss Mary. 6 Sloane-gardens, S.W. 

1S91. {Williams, Morgan. 5 Rirk-place, Cardiff. 

1883. {Williams, "1\ H. 27 Water-street, Liverpool. 

1877. ♦Williams, W. Carlkton, F.C.S. Broomgrove, Goring-oii-77iamos. 

1906. {Williams, W. F. Lobb. 32 Lowndes -street, S.W. 

1857. {Williamson, Benjamin, M.A., D.C.L., F.R.S. Trinity College, 
Dublin. • 

1804. ♦Williamson, Mi-s. Jaiiora. 18 Rosebery -gardens, Crouch End, N. 
1910. gWilliamson, K. B., Central Provinces, India. Caro of Messrs. 

Grindlay & Co., 54 Parliament-street, S.W. ’ * 

1805. {Willink, W. (Local Sipo. 1896.) 14 Castle-street, la verpool. 

1895. {Willis, John C., M.A., F.L.S., I^iroctor of the Royal Botanical 

Gardens, Peradeniya, Ceylon. 

1896. {WiLLisoN, J. S. (Local See. 1897.) Toronto, Canada. 



LIST OL .MKMIUOUS : IDIO. 


87 


1851). *\Vills, 'I’hu Hull. Sir Alfivd. Saxhuliii, Suuth.'iiiipt<<)n. 

1899. §\Villsuii, V Jeorge. Jjfuclorau, SLHl!:‘M'ujiil)o-road Suiill), St. liuoiiards- 
^ oil' Sea. 

1899. §\Vill.soii, IMrs. George. Lenderae, Setlleseoiulie-roail South, St. 

Li'(inardcJ-on-Sea. * 

1908. §VV^ilt>oii, JMisrt. Gro\e Ihuise, I’athioek, rtudderSjield. 

1901. JWilsoii, A. iJelvoir Park, Newtown breda, Co. Down. 

1886. t WiUon, Akxfinder B, Holy wood, Belfast, • 

1878. {Wilson, Professor Alexander S., M.A., B.Sc. United Preo Cliureb 

Manse, North Queensforry. 

1905. § Wilson, A. W 4 t P.O. Box 24, Langlaagto, Soutii Afriea. 

1907. IWilson, A. W. Low Slack, Queen ’s-road, Keiidai. 

1903. {Wilson, C. T. R., M.‘A., P.H.S. Sidney Sussex College, Cambridge. 

1894. *Wilson, Charles J., F.I.C., F.C.S. 14 Old Queen-street, West- 

minster, S.W. 

1904. § Wilson, Charles John, F.R.G.S. Deanfield, 1 la wick, Si'otland. 

1904. § Wilson, David, M.i). Grove lloiise. Paddock, Hudderslield. 

1900. * Wilson, Duueau R. 109a W'hitehall-oourt, S.W. 

1903. {Wilson, George. Tiie University, Leeds. 

1895. : Wilson, Dr. Gregg. Queen’s College, Belfast. 

1901. {Wilson, Harold A., M.A., D.Sc., F.R.S., Professor of Physics in 

McGill Univ(M‘riily, Moiiln-aJ, Canatla. 

1902. * Wilson, Harry, F. f.C. 32 Westwood-road, Sou^liainpton. 

1879. {Wilson, Henry J., Al.F., i)sgathor|)e Hills, Shellield. 

1910. §\Vilsun, J. S. 5 Regency Lloiise, Regent -place, WY'^tniinster, S.W. 

1908. {Wilson, Pri>fossor Janies, M. A., li.Se. Clu ny, Orwell Park, Dublin. 
1865. {Wilson, Vvii. Arcluieacon .Tamks M., M.A., F.G.S. 3’he Vicarage, 

Rochdale. 

1879. {Wilson, John Wycliifc. Eastiiill, Kiist Bank-road, Shefliehl. 

1901. * Wilson, .Josepli. Hillside, Avon-read, Walthamstow, N.K. 

1908. *Wiison,»Ma.lcolin, B.Sc. Royal College of Scicnee, S.W. 

1909. §Wilsoii, R. A. Hinton, Londonderry. 

1SK>3. {Wilson, Dr. R. Ard^rne. Saasveld House, Kloof-street, Caj»e 'low n. 
1847. *Wilson, Rev. Sunnier. Preston ('andovt^r Vicarage, Basingstoke. 
1883. JWib^n, T. Rivers Lodgij, llarpendon, Hertfordshire. 

1892. {Wilson, T. Staeey, ^l.D. 27 Whc3cley’s-road, Edgbaston, Bir- 

M iiiinghaiii. 

1887. §Wilson, W., jun. Ballieliilloek, Kildruininy, Mossat, Abcrdeeii- 
shiri;. 

1909. {Whlson, W. Murray. 29 South Drive, Harrogate. 

11)10. §Wilton, P. R., M.A., Assoe. M.hist.C. K. 18 Wesltninsler-chaiubms, 
Crohshall-street , L'^verpnol. 

1907. §Wiinperis, H E., M..\. 28 Ro.ssetti Garden-mansions, S.W. 

1910. §Windcr, B. W. CVyloii House, SlielUekl. 

1886. JWiNDLE, Bektbam C. A., M.A., D.Sc., E.R.S., President of 

Queen’s College, Coik. •• 

1803. ♦WiNwooD, Rev. JL II., M. A., F.G.S. (Local Sec. 18GJ.) 11 Cavi Ji- 
dish -crescent, Bath. 

1905. gWiseman, J. G., F.R.C.S., F.R.G.S. Stranraer, St. Pelcr’s-road, 
• St. Margaret’s-on-Tliames. 

1875. {WoLFK-BAiiiiY, Sir John, lv.(^B., F.R.S., M.Inst.t'.E. (Pn*s. (,!, 
1898 ; (\mncil, 1899-1903, 1909-10.) Dartmouth House, 
• 2 Queen Anne’tt-gqte, Westminster, S. \V^ 

1905. {Wood, A., jun. Emmanuel Colley, Cambridge. 

1863. *Wood, Colfingwood L. Freeland,^^rgandenny, N.B. 

1875. *Wood, George William -Raynor. Singleton Lodge, Manchester. 

1908. gWood, Henry J. 4 Elsworthy-road, N\W. 
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1878- JWooD, Sir II. Tbubman^, M.A. Royal Sociiity of Arts, JoLn- 
streei, Adelphi, W.C. ; and rrinoe Edward’s-mansions, 
Bayswatcr, W. 

1883. *Wood, .J. II. 21 Westbourne-road, Birkdalc, Lancashire. 

10^.4. ^Wood, T. B., M.A^, Professor of Agriculture in the University of 
Oambfidgo. Oaius College, Cambridge. 

1809. ♦Wood, W. Hoffman. Ben Rhydding, YorksJiire. 

1901. *Wood, WilRam James, F.S.A.(Seoi.) 200 Cecygc strc^i i, Clasgow. 
1809. ** Woodcock, Mrs. E. M. Care of Messrs. Siilwcll & Harley, 4 St. 
J ames’ -s tree t. Do vcr. 

1800. *WooDiiEAD, Professor G. Sims, M.D. Pathological Laboratory, 
Cambri<Jge. 

1888. Woodiivififi, 3Ir.s. AlfruL 121 Caatlcnutt, UarneHy yS’. II'. 

1900. t Woodland, W. N. K. Univei-sity College, Gower -street, W.C. 

1004. § Woodrow, John. Berrykiiowo, Meikleriggs, Paisley. 

1904. JWoods, Henry, M.A. St. John's College, Camlaidge. 

Woods, Samuel. 1 Drapers’-gardeiis, Throgmorton -street, E.C. 
1887. *WooDWAKD, AimiuR Smith, iX.!)., F.R.S., E.L.S., r.G.S.(ihcs. C, 
1900; Council, 1003-10), Keeper of the Departjiient of 
Geology, British Museum (Natural History), Cromwell - 
road, S.W. 

1809. *WooDvvARD, C. J., B.Se., F.G.S. 'rhe Lindens, St. Mary's-roatl, 
Harboriio, Birmingham. 

1880. t Woodward, Uarry Page, F.G.S, 120 Bcaiifort-street, S.W. 

1806. tWooDWARD, Henry, LI^.D., F.ll.S., F.G.S. (Pres. 1887; 

Council, 1887-94.) 13 Arundel-gardejis, Nottiiig Hill, W. 

1870. tWooDWAKD, Horace B., F.ll.S., F.G.S. 85 Coouibe-j oad, 
Croydon. 

1894. *Woodward, John Harold. 8 Queen Anno’s-gate, Westminster, S.W. 
1900. * Woodward, llobert S. Carnegie Institution, Wasliingion, U.S.A. 
1008. gWooLACOTT, David, D.Sc., F.G.S. 8 TJie Oaks Wer.t, Sunderland. 
1800. *Woollcombo, Robert IJoyd, M.A., LL.D., F.l.Inst., F.R.C. Inst., 
F.R.G.S., F.R.E.S., F.S.S., M.R.I.A. 14 Waterloo-road, 
Dublin. 

1883. *Woolley, George Stephen. Victoria Bridge, Mauclicstef. 

1008. §\\'orsilell, W. C. 2 Woodside, Bathfo^'d, Bath. 

1803. *Wbrsley, Phili]) J. Rodney Lodge, Clifton, Bristol. 

1001. J Worth, J. T. Oakciirod Mount, Rochdale. 

1904. gWoKTHiNaroN, A. M., C.B., F.ll.S. 1 'riie Paragon, Blackheath, 

S.E. 

1008. *Worthington, James II., B.A., F.ll.A.S. VV^ycombe Court, High 
Wycombe. 

1006. JWRAaoB, ll. H. Vernon. York^ 

1010. § Wrench, E. G. Park l.iodge, Basic w, Derbysliire. 

1890. iWreneh, Edward M., A^V.O., F.R.C.S. Park Lodge, Baslow, 
Derbyshire. 

1905. JWrentmore, G. G. Marva, Silwood-road, llondeboseh. Cape Colony. 

1906. tWright, Sir A. E., M.D., D.Sc., F.ll.S. 0 Park-ci esceiit, W. 

1905. jWri^t, Allan. Strmui Villa, Gardens, Cajjo Town. 

1S83. *Wright, Rev. ArMiur, D.D. Queens’ College, Cambridge. 

1909. J Wright, C. S.,,B.A. Cains College, Cambridge. 

1905. ♦Wright, FitzJ 1 erbert. The Hayes, Alfrcton. 

1874. JWright, Joseph, F.G.S. 4 Alfred-street, Belfast. 

JWriuht, Professor R. IUmsay, M.A., B.Sc. University College, 
Toronto, Canada. ^ 

1904. JWright, R. T. Goldieslie, Trumping ton, Cambridge. 

1903. jWright, William. The University, Birmingham. 
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Yea^of 

Election. 

1871. tWniauTsoN, Sir Thomas, Bart, M.liiatC.E., F.G.S. Neasliam 
^ Hall, Darlingtou. 

1902^ JWyatt, G. II. 1 Maiiriec-road, St Andrew’s Park, Bristol. 

1901. jWylie, Alexander. Kirklield, Johnstone, N.B. 

1902. JWylie, John. 2 Mafeking-villas, Whiteliad, Bedfast. 

1899. JWynne, W. P., D.So.,- F.R.S., Professor of Chemistry in the Uni- 
versity of Sheflield. 17 Taptonville-road, gheilicld. 


1905. jy allop, J. Allan. Ahindahi, Loudon-road, Sea Point, Ca{>e Colony. 
1901. *Yai)p, R. 1I.,*M.A., Professor of Botany in University College, 
Aberystwyth. 

. * Yarborough, George Cook. Camp’s Mount, Doneaster. 

1894. * Yarrow, A. F. Campsie Dene, Blamdield, Stirlingshire. 

1905. {Yerbury, Colonel. Ai'niy and Navy Club, Pall Mall, S.W. 

1909. §Young, Professor A. II. Triiiit y College, ToroJilo, Canada. 

1904. ;|; Young, Alfred. Selwyii College, Cambridge. 

1891. §Young, Alfred C., F.C.S. 17 Vieai**s-hill, i.<cwisham, S.E. 

1905. JYouiig, Professor Andrew, M.A., B.Se. South Afrit an College, 

Capo 'Pown. 

1909. J Young, F. A. 015 Notre Dame-avenue, Winuijieg, Canatl.i. 

1894. *YouE(ji, (lEoiiOE, Ph.D. 79 llarvard-eourt, lioney bourne road, 
N.W. 


1909. §Youug, Ueibej t, M.A., B.C.L., F.R.G.S. Arnprior, Ealing, W. 

1901. * Young, John. 2 Monlague-tcrraee, Kelvinaido, GWisgow. 

1905. t Young, Professor R. li. 'Pransvaal Teehiueal Xuatituto, Johaniu s- 
burg. 

1885’. tYouiia, R. Buuce, M.A., M.B. 8 Crown-gardens, Dowanhill, 
Glasgow. 

1909, J Young, Jl. G. University of North Dakota, North Chautauqua^ 
Nofth Dakota, U.S. A. % 

1901. J Young, Robert M., B.A. Rathvarna, Belfast 

1883. *Y'ouiJG, Sydjsey, J).Sc., F.R.S. (Pres. B, 1904), Professor of 
Chemistry in the University of Dublin. 12 Raglan-road, 
d)ublin. 

1887. t Young, Sydney. 29 Xark-lano, E.C. * 

1907. j^Youjng, William JIejsky, M.A., Sc.D., F.R.S. J.a Nonetledc la 
Foret, Gtmeva, Switzerland. 

1903, ^Yoxall, Sir J. H., M.P. G7 Russell-squarr^ W.C. 
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\ * .11 4li ; 

Mitt iiii). 

1887. Profo.^or rifvdaiHl Abbo. Loc.il Olliw, U.)S.A. Weather Bureau, 
W .i'jIud^Ioji, U.S.A. 

181)2. Profcbdor Svante Aniieniufcj. The Uni veraily, Stockholm. (Berj*. - 
{^atan 18 .) 

181)7. Brofcbaor CiU‘1 Bania. Brown Uuiveivsily, Providence, 11. 1., U.S.A. 
1887. 1 loiiuth Profesoor A. Bertit)ir»<m, Ph. D. Anilenfrahiik, J Aid wij^.shalcn, 
Cennany. 

18‘.)2. Profesbor Al. Bertiaiid. 75 rue do Vaugirard, Paris. 

1894. Ilouuiy Surgeon -Ueneral J. S. Billings. 40 lafayette-placc. New 
York, 15.S.A. 

1898. Pi’ofossor (.linstiaii Bohr. Brodgade 02, Cojiciihagen, Denmark. 
1887. Professor* I A* w is Boss. Dudley Observatory, Albany, Now York, 
U.S.A. 

1881. Profes.sor 11. P. Bowditeh, M.D., LL.D. Harvard Medical School, 
Bo.ston, Masbaeliusetls, U.S.A. 

1890. Profe^iSor Dr. L. Brentano. Fricdrichstrasao 11, AJuncheii. 

1893. Professor Dr. W. 0. Brogger. Uiiivcrsitcts Miiieralogske liistitule, 

Christiania, Norway. * 

18S7. Professor J. W. Bruhl. •Heidelberg. 

1884. Professor Oeorge J. Biusli. Yale Univ<»i>ity, Now Haven, Conn., 
U.S.A. 

1894. Professor D. 11. Campbell. Stanford University, Paid Alio, Cali- 

• fornia, U.S.A. ' 

1897. Al. C. do Candolle. 3 Cour do St. Pierre, Ceiiova, Switzerlandf 
1887. Professor G. Capellini. 05 Via Zamboui, Bologna, Italy. 

1887. Hofrath Dr. H. Ca#j. C. 8, No. 9, Mannheim, Germany. 

1894. Emile Cartailiiae. 5 rue do la Chainc, I'oulouse, France. 

1901. Professor T. C. Chamberlin. Cliieago, U.S.A. 

1894. Dr. A. Chauveau. 7 rue Cuvier, P»if is. 

1887. F. W. Clarke. United States ‘Geological Survey, Washington, 
D.C., U.S.A. 

1873. Prqjpssor Guido Cora. Vil. Naziouale 181, Rome. ' 

1889. W. H. Dali, Sc.D. United States Geological Survey, Washington, 

D.C., U.S.A. 

1872. Dr. Yves Dclago. Facultt* des Seieiieo.;, La Sor bonne, Paris. 

1901. Professor G. Dewalque. 17 rue de la Paix, Liege, Belgium. 

1890. Professor V. Dwolshauvcrs-Dcry. 4 quai AlareelJis, liii go, Belgium. 
1870. Professor Alberto Ecchei*. Fioreuce. 

1894. Professor Dr. W. Eiuthoven. Leiden, Netherlands. 

1552. Professor F. Elfving, Helsingfors, Finland. 
lOuI. Professor J. Elsler. Wo%nbuttel, Germany. 

1901. J^rofessor W. G. Farlow. Harvard, JJ.S. A. 

1874. Dr. W. Feddersen. ('arolinenstrasse 9, Ijoipzig. 

1880. Dr. Otto Finsch. Altowiekiiiig, No. 19b, Braunschweig, Germany. 



r()ia{ESl‘OM)IN(J MELMliKUS; Ijilo. 01 

ytur ol 

IjSS?. Profesfciur Dr. li. Fiitig. Strassburg. 

ProfesMor Wilholiu Foerster, D.O.L. Kncke Platz .Sa, Berbu, S.VV. 48. 
1872. W. do Foiivielle. 50 ruo dea Abbeaaea, Paris. 

1001. ^ofossor A. P. N. Frauchiuiont. lA^idcn, Netherlands. • 

1894. Professor L6on Frudericq. 20 rue do Pitteurs, jAi ge, Belgium. 

1887. Professor Dr. Anton Fritsch. 06 Weiizelsplatz, Prague, Bohemia. 

1892. Professor Dr. Gustav Fritsch. DorotheenBtras.j») 35, Berlin. 

1881. Professor CAl. Gariel. C rue Edouard D6taillo, Paris. 

1901. Professor Dr. 11. Gcitel. Wolfenbiittol, Germany. 

1889. Professor Gustave Gilson. rUniversite, Ix^uvain, Belgium. 

1889. A. Gobert. 222 Cliaussee de Charleroi, B?ussels. 

1884. General A. W. Greely, LL.D. War Deparlmeiit. Wiishiiigton, 
U.S.A. 

1892. Dr. C. E. Guillaume. Bureau liiteriiational des Poids et Mesure:^, 

Pavilion do Bretcull, St;vros. 

1876. Professor Ernst Haeckel. Jena. 

1881. Dr. Edwin 11. Hall. 30 Laugdoii -street, Candaidge, Alass., G.»s.A 

1893. ProfesstM’ Paul Heger. 23 ruo do Dra})iers, Brussels. 

1894. Professor Ludimar Hermann. Univorsitiit, Koiiigsbcrg, Prussia. 

1893. Professor Kichard llertwig. Zoologisches Institute Alto Akad<3niie, 

Munich. 

1893. Professor Hildebrand. JStockliolnj. 

1897. Dr. G. W. Hill. West Nyaek, Now York, 

1881. Professor A. A. W. llubiecht, LL. 1)., D.Sc., t^M.Z.S. 4’he 
University, Utrecht, Netherlands. * 

1887. Dr. Oliver W. lluidingtoji. Cloyne llou.se, Newjiort, K.L, U.5S.A. 
1884. Professor 0. Boring Jackson. 6 BoyJslon Hall, (.’aui bridge, Mas- 
sachusetts, U.S.A. 

1876. Dr. W. J. Janssen. Villa Polar, Mas.sagno, Lugano, »S\\it/criand. 
1881. W. Woplsey Johnson, Professor of Mathematics in the United States. 

Naval Academy, Annapolis, Maryland, U.S.A. 

1887. Professor C. Julin. 153 rue de Frafenec,\i< ge. 

1876. Dr. Giuseppe Juu^. Bsistions ViUoria‘4l, Milan. 

1881. Baron Dairoku Ivikuehi, M.A. Imperial University, Tokyo, .lapan. 
18'33. Prolessor Dr. Felix Klein. Wilhelni-Weborstrassc 3, GoiUngen. 

1894. Professor Dr. L. Kiv/. Kaiscr-Alloo 186-7, Wilmuis(loil\ bei Berlin. 
1894. Professor J. Kolhuanii. St. Jobann 88, Ba.scl, Switzerland. 

1804. Maximo Kovalevsky. 13 Avenue de TObsiirvatoire, Paris, France. 
1887. Professor W. Krause. Knesebeekstras:'*, 17; I, Ubarlotteuburg, bei 
Berlin. 

1877. Dr. Hugo Kroneeker, Professor of Physiology, Universililt, Bern, 
Switzerland. 

1887. Professor A. Laden burg. * Kaiser Wilhelmsti fisso 108, Breslau. 

1887. Professor J. W. Langley. 2037 Geddes-avenuo, Ann /.rbor, Michi 
' gan, U.S.A. , 

1872. M. Georges Lemoine. 76 ruo Notre Dame des Changes^ Paris. 

1901. Professor Philipp Lcnard. Schlossstrasso 7, lleideibcj’g. 

1887. Professor A. Ueben. Molkerbastei 5, Vienna. 

1883. Dr. F. Liudomaiin. Franz- Josofstrasse 12/1, Munich. 

1887. Professor Dr. Georg Lunge. Klimistrasso 50, Zurich, V. 

1871, Professor Jakob Liiroth. Mozartetrosso 10, iriid Unveisitat, 
Freiburg-in-Breisgau, Germany. 

1894. Professor Dr. Otto Maas. Universitat, Munich. 

1887. llemy C. McCook, D.D., Se.IJI, LL.D. 3700 Chestnut- A »t*et. 
Philadelphia, U.S. A. 

1867. Professor Mannheim. 1 Boulevard Boausejour, Paris. 

1887. Dr. C. A. von Martius. Voss-strasse 8, Berlin, W. 
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188-i. Professor Albert A. Miehelson. Thp Universily, Chicago, U.S.A. 

1887. Dr. Charles Sedgwick Minot. Boston, Massachusetts, U.S.A. 

1894. Professor G. Mittag-Leffler. Djursholm, Stockholm. 

1897. Professor Oskar Montolius. St. Paulsgatan 11, Stockholm, Sweden. 
1897. Professor E. Wt Miprley, LL.D. West Hartford, Connecticut, 
U.S.A. • • 

1887. E. S. Morse. JPeabody Academy of Science, Salem, Mass., U.S.A. 

1889. Dr. F. Nansen. Lyswer, Norway. 

1894. Professor R. Nasini. Istituto Chimico, Via S. Maria, Pisa, Italy. 
1887. Professor Emilio Noelting. Muhlhausen, Elsass, (^lormany. 

1894. Professor H. F. Osborn. Columbia College, Now York, U.S.A. 

1890. Professfjr W. Ostwald. Linnestrasse 2, Leipzig. 

1890. Mailea Pantaleoni. 13 Cola di Rienzo, Rome. 

1895. Professor F. Paschen. Universitat, Tiibingon. 

1887. Dr. Pauli. Foldbergstrasse 49, Frankfurt a/Maiu, Gerniaiiy. 

1901. Hofrath Professor A. Penck. Georgonstrasse 34-3(5, Berlin, N.W. 7. 
1890. Professor Otto Pottersson. Stockholms Hogskoia, Stockholm. 

1894. Professor W. Pfeifer, D.C.L. Linnestrasse 11, Leipzig. 

1870. Professor Felix Plateau. 148 Cliaussee do Courtrai, Gand, Belgium. 
188(5. Professor F. W. Putnam. Harvard University, Cambridge, Massa- 
chusetts, U.S.A. 

1887. Professor Georg Quincke. Hauptstrasse 47, Friederichsbau, Heidel- 
berg. t 

1868. L. Radlkofer, Professor of Botany in the University of Munich. 
Sonnei^strasse 7. 

1895. Professor Ira Remseii. Johns Hopkins University, Baltimore, 

U.S.A. 

1897. IVofessor Dr. C. Richet. 15 rue do TUniversit^, Paris, Franco. 

1890. Dr. van llijckevorsel. Parklaan 3, Rotterdam, Netherlands. 

1892. Professor Rosenthal, M.D. Erlangen, Bavaria. 

1890. Professor A. Lawrence Rotch. Blue Hill Observatory, Hyde Park, 
Massachu8etts,rJ.S.A. 

1895. Professor Carl Runga. Wilhelm Weber ^trasse 21, Gottingen, 
Germany. 

1901. Gen.-Ma]or Rykatehew. (k;ntral Physical Observatory, Peters- 
• .burg. ^ 

1894. Professor P. 11. Sehouto. The University, Groningen, Netherlands 
1874. Dr. G. Schweinfurth. Potsdamerstrasso 75a, Berlin. 

1897. Professor W. B. Sco{/-. Princeton, N.J., U.S.A. 

1892. Dr. Maurits Snellen. Apeldoorn, Pa 3 rs-Bas, Holland. 

1887. Professor H. Graf Solms. Botanischer Garten, Strassburg. 

1887. Ernest Solvay. 25 rue du Prince All^prt, Brussels. 

1888. Dr. Alfred Springer. 312 EastP' 2nd-Btroot, Cincinnati, Ohio, 

U.S.A. 

188J. Professor G. Stefanoscu. Strada Verde 8, Bucharest, Roumania. 
1881. Dr. C^parissos Stephanos. The University, Athens. 

1894. Professor E. Strasburger. The University, Bonn. 

1881. Professor Dr. Rudolf Sturm. Weyderstrasse 9, Breslau. 

1887. Professor John Trowbridge. Harvard University, Cambridge, 
Massachusetts, U.S.A. 

Arminius Vamb6ry, Professor of Oriental Languages in the University 
of Pesth, Hungary. 

181]^ Professor Dr. J. II. vau’t Hoff. Uhlandstrasse 2, Charlottenbiirg* 
\ : Berlin. ^ 

1889. Wladimir Vernadsky. Ir^rial Academy of Sciences, St. Peters- 

burg. ^ 

1886. Professor Jules Vuylsteke. 21 rue Beiliard, Brussels, Belgium. 
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Aar of 
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“^87. Professor H. P. Weber. Zurich. 

4887. Professor Dr. Leonhard Weber. Moltkestrasse 6(T, Kiel. 

1887. Professor August Weismann. Freiburg-in-Breisgau, Baden. 

1887. Dr. H. C. WUte. Athens, Georgia, U.S.A. 

1881. Professor H. M. Whitney., Branford, Q>nn*, I\S.A. 

1887. Professor E. Wiedemann. Erlangen. 

1887. Professor Dr. R. Wiedersheim. ITansastra^c 3, Freibiirg-iin- 
Breisgau, Baden. 

1887. Dr. Otto N. Witt. Ebereschcn-A116e 10, Westond bei Berlin. 

1896. Professor E. Zacharias. Botanischer Garten, Hamlnirp. 

1887. Professor P. Zirkel. Konipstrassc 2a, llonn-am-B hinc'. 
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i.isf OK sooiktjks and pdbijo institutions 

Tu WHICH. A COIW or THE liEPOKT IS I’llESENTEP. 


ORRAT BRITAIN AND IRELAND. 


Bolfast, Queen’s Colle^;o. 

Binnin^;ham, Midland institntn. 
Bnadford Philosopliioal Sonioty. 
Brighton Puhlio Library. 

Bristol Natnrali^^ta’ Sooicty. 

, Tlie Museum. 

Cambridge Pliilosophioal Society. 
Cardiff, University College. 

Oliatliam, Royal b^ngiriecrrV Institute. 
Cornwall, Royal Geological Society 

Dublin. Geological Siirv^' of Ireland. 

, Royal College of Surgeons in 

Ireland. 

, Royal Irish Academy. 

, S»oci\t\y. 

Dundee, UnWersily CoUege, 
Edinburgh, Royal Society of. 

, Royal Medical Society of. 

, Scottish Society of srte. ' 

Exeter, Royal Albert ''^Memorial 
College Museum. 

Glasgow, Royal Philosophical Society 
of. 

, Institulion of Engineers and 

Shipbuilders in Scotland, 

I^ccxla, Institute of Scieuco^i'- 

, Philosophical and Literary 

Society of. 

Liverpool, Eroe Public Library. 

, Royal Institution. 

, The University. 

London. Admiralty, Library of th*?. 

, ( Jhomical Society. 

Civil Engineers, Justitntion of. 

, Geological Society. 

Geology, Museum of Practical. 

, Greenwich, Royal Ohservatewy. 

Guildhall, Library. 

— - Institution of JOh^cdrical 
l^.gincors. 

Institution of MechaiV'al 

Engineers. 

•, rnielligence Onicc, Cmitral De- 
partment of Political I nformation. 


Tiundon, King’s College. 

, Linn can Society. 

, fiondon Institution. 

, Meteorological OITico. 

, Physical v^ocicty. 

, TvoyalAnthropological Institute. 

- Roj al Asiatic Son ety. 

— — , Royal Astronomical Socicl y. 

, Royal College of Physiei.ms. 

, Boyal College of Surgeons. 

, Royal Geographical Society. ’ 

, Royal Institution. 

— , Royal idctcoi’ological Society. 

, Royal Sanitary Instil \ite. 

, Royal Society. 

Roy.al Society of Arts. 

, Royal ^\.aV\v*\via\ ^ocAoXy . 

, United Service Institution. 

, University College. 

, War Office, Library. 

, Zcfelogieal Society, 

Manchester Literary and Philosophi- 
cal Society. 

, micipal School of Technology. 

Ncwcj.'istle-upon-'^ryuo, Litera!lf*y and 
Philosophical Socii*ty. 

‘ , Public library. 

Norwich, The Free Library. 
Nottingham, The Free Lilirary. 
(Jxft»rd, Ashmoloan Natural History 
Society. 

. , Radolitfe Observatory. 

^ Plymouth Institution. " 

, Marino Biological Association. 

-Salford, Royal Museum and Library. 
Sheffield, University College. 
Southampton, Hartley Institution. 
Stonylmrst College Observatory. 
Surrey, Royal Gardens, Kcw. 

National Physical Laboratorj'^ 

(Observatory Departrndnt). 
Swansea., Royal Institution of South 
Pinles. 

Yorkshire Philosophical Sonioty. 

: T’he Corresponding Societies. 
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KUHOPE. 


Dio Kaiscrliche Aka- 

domie dor Wisscn- 
schaften. 

Bonn Univorsity Library. 

Brussels .... Royal Academy of 
Sciences. 

Oharkow . . . .University Library. 

Ooi mbra Meteorological O b - 

servatory. 

Copenhasen .» .Royal Society of 
Sciences. 

Dorpat, Rns‘'i a University Library. 

Dresden . . . .R,oyal Public Library. 

Frankfort ...Nat\iral TTistory So- 
(noty. 

Ceneva Natural History So- 


ciety. 

Odttingen . . . .University Library. 

(Jriitz Natiirwissenscbafi - 

liclicr Vorein. 


Halle Lcopoldiniscb - <>\ro - 

« linisohe Akrideinie. 

Harlem Sooicte Kolbvndaise 

des Soience«s. 

Heidelberg. . . .Ihiivcrsity fiibrdry. 
Helsingfors ...University Library. 

dciia Uiiiv^tu-siiy J^ibrary. 

Kazan, Russia University Libr.ary. 
\\\o\ V\,oy v\\ \' aV«v ^ . 

Kiev Uifivt^rsity TAbrary. 

;Lansann<' "I’he University. 

T^jiden University LiJ^rary. 

Li ego Uni verai ty 1 .i brary. 

Lisl)on t Academia Real d«‘< 

Sciences. 

Milan . The Institute.* 

Modena Royal Academy, 

Moscow Society of Naf uralists 


i Moscow University Libraiy. 

[ Muiii(?h. University Library. 

! Naples.. Royal Academy of 

Si ^ Sciences. 

Paris Association Franyaisc 


^our r Avan cement 
des Sciences. 

■ ^ Geographical Society. 

Geological Society. 

Pvoyal Academy of 

, iScienccs. 

Scliool of Minos. 

PiiUova Imperial Obsc^vator 3 ^ 

Ronn^ Accadomia dci Lincei. 

— Uollcgio Romano. 

Haliaii Geographical 

Society. 

; Italian »S{vic1y of 

Sciences. 

. Roiimania . . Ron/naTiian Association 
for the •►Advan<*(»' 
■sncnl «>f-vSciencc. 

: St. Pet crsbnrij^. University Library. 

! Imperial Observatory. 

: Stockholm ... Royal A< ;ulcmy. 

Turin Royal Acad.omy of 

I Scicm'cs. » 

\ . . , .U'^N'dA S«>^‘V!Lay oV 

Utrecht ■ ■ i • .University LibrJivy. 

‘ Vienna- -i-r. . .'Ilie Imperial Library. 

! _ Central Anstalt fiir 

Metcprologic nnd 
' Erdmagnj^tism us. 

Zurirb Natnrforschcndc Gc- 

rvllsi-liaft. 


ASIA 


Agra TJ 10 College. ^ ^ 

Bombay KIphinstone Institu- 

tion. 

.Grant Medical Col- 

lego. 

('alcutta A iatic Society. 

*. . . Hoogbly ('Ojlcge. 


Cab'iitta Medical CoJb'go. 

Pro.sidency (killcge. 

Ceylon Mu.-eiim, Co- 

loin bo. 

M a.« Iras 1 'I i o O bs< u* valor y. 

* . . .* University Library. 

'I okyo I m peri a I Un i versi'ty 


AFRICA. 

Ca pc Town .... The Royal Observatory. 

— * — Soutb African Associalion for tin* Advancei]^:jit 

of Science. ^ 

Soutl^\fricaii Imblic Libraiy. 

Grahamstown . .Rhodes University College. 

Kimberley J'ublic Library. 



BKTTISH ASSOCIATION, 


9fi 


AMERICA.. 


Albany Tho Institute. " 

Amherst The O^rvatory. 

Baltimore Jol^s '^Ho^jkins Uni- 

versity. 

Boston AnK'rioan Academy of 

Arts and Sciences. 

Boston Society of 

Natural History. 

California The University. 

liick Observatory. 

Academy of Sciences. 

Cambridge . . . Harvard University 
library. 

Chicago .. r. . .American Medical 
Association. 

Field Museum of 

Natural History. 

Kingston Queen’s University. 

Manitoba ... .Historical and Scien- 
• tifio Society 

Thd University. 

Massachusetts .Marino Biological 

LabcA'atory, Woods 
Holl. 

Mexico Sociedad Cientilira 

‘ Antonio Alzato." 

Missodri . .Botanical Garden. 

Montretd .... .'Oouncil of Arts and 
• Manuf^tnres. 


Montreal McGill University. 

New York ...American Society of 
Civil Engineers. 

; Academy of Sciences. 

Ottawa Geological Survey of 

Canada. 

Philadelf>hia ..American Philosophi- 
• cat Society. 

Franklin Institute. 

University of Penn- 
sylvania. 

Toronto The Observatory. 

The Canadian Insti- 
tute. 

The University. 

Washington. . .Bureau of Ethnology. 

Smithsonian Institu- 
tion. 

The Naval Observa- 
tory. 

United States Goole 

gical Survey of tho 
Territories. 

„ Library of Congress. 

Board of Agriculture. 

Coast and deodetic 

Survey. 


AUSTRALIA. 


• Adelaide Tho Colonial Government. 

* Tho Geographical Society. 

Brisbane Qucenslanu Museum, 

Melbou me J ’ublio Library. 

Sydney . . .Public Works Department. 

— .Australian Mnsoum. 

Tasmania Royal Society. 

Victoria Tim Gnlonial Government. 


. mN ZEALAND. 

Canterbury , . . . ^ ^^e Museum. 

Wellington New Zealand Institute. 


rRixTiv> w 

,si»<)rris\voi>i>K AM» fo. i.Tn., f.oNr)ON 
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